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• CLIMATRONICS (David Katz)

• MURRAY & TRETTEL (Mark Carroll)
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Wednesday – OCT 8              

 

1 PM – 4 PM:  ANS/ANSI-3.11 Working Group Meeting (Signal Mountain Room) 

 
4:00 PM:  Marriott – Hotel Room Check-in starts 
 
4:30 PM:  Steering Committee meets in hotel lobby. 

 

5:30-6:30 PM:  NUMUG Meeting Sign-in and Late Registration (Outside Ashley’s at Marriott) 

6:30-9:30 PM:  Dinner Reception/Mixer  (Marriott Reception Room = Ashley’s) 

 
 
Thursday – OCT 9              
 
7:00 – 8:00 AM:  Buffet Breakfast (Convention Center, Meeting Room 2) 
 
8:30 AM: NUMUG – KEYNOTE SPEAKER (Meeting Room 3)   [Doyle Pittman] 
 Jim Flanigan (TVA) - Program Manager, Corporate Radiological Control 
 
8:45 AM:  Session I – METEOROLOGICAL MONITORING PROGRAMS   [David Katz] 
   
8:45 AM Stan Marsh SCE ANSI/ANS-3.11 Update 
9:05 AM Bob Yewdall PSEG Supporting Maintenance Activities 
9:25 AM Gregory Hood Entergy 

Operations, Inc. 
Gaining from Self-Assessment 

9:45 AM Kip Barbour Callaway Plant 
(Ameren) 

Wind Speed Interference from MET 
Tower  Beacon 

 
10:05 – 10:15 AM:  BREAK for 10 Minutes 
 
10:15 AM Mark Carroll Murray & Trettell Annual MET Tower Inspections for 

Obstructions to Wind Flow 
10:35 AM Carl Mazzola Shaw E&I Consideration of Micrometeorological 

Trends Associated with WIPP 
Meteorological Data 

10:55 – 
11:30 AM 

Steering 
Committee 

 NUMUG Business Meeting (Part 1 of 2) 

 
11:30AM – 1:00 PM:  NUMUG Luncheon (Convention Center; Meeting Room 2) 
 
1:00 – 
1:30 PM 

ROUNDTABLE  
# 1 

[Paul Fransioli] Biggest Challenge to Nuclear MET 
Programs/Systems 
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1:30 PM:  Session II – METEOROLOGICAL APPLICATIONS    [Stan Marsh] 
 
1:30 PM Ken Wastrack TVA Evaluating Meteorological Monitoring 

Sites Using Sigma-Theta 
1:50 PM Al Klausmann EarthTech A Real Time Meteorological Analysis & 

Dispersion Prediction System for 
Emergency Preparedness 

 
2:10 – 2:25 PM:  BREAK for 15 Minutes 
 
2:25 PM Norris Nielsen TVA Design Wet Bulb Temperature for 

Ultimate Heat Sink Spray Pond for 
Advanced Light Water Reactors  

2:45 PM Bob Yewdall PSEG Atmospheric Stability – Methods & 
Measurements 

3:05 PM Dale Paynter  OMG Seattle Calculation and Re-Calculation of 60-
Minute Sigma Theta and Stability 

3:25 PM Benjamin Terliuc Nuclear Research 
Centre 

Tracing Air Parcel Trajectories Using 
No-Lift-Balloons.  

3:45 PM Brad Harvey NRC Using ARCON96 for Control Room 
Radiological Habitability Assessments 

4:05 – 
4:35 PM 

ROUNDTABLE  
# 2 

[Doyle Pittman] Biggest Improvement  to Nuclear MET 
Programs/Systems 

 
4:35 PM:  End of THURSDAY Sessions 
 

 
6:00 – 6:15 PM:  Transportation to Aquarium (TVA Vans)    [Doyle Pittman] 
 
6:30 – 9:30 PM:  NUMUG Aquarium Outing (Dinner served @ 7 PM.) 

 

    
 

9:30 PM:  Transportation back to Marriott 
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Friday – OCT 10              
 
7:00 – 8:00 AM:  Buffet Breakfast (Convention Center, Meeting Room 2) 
 
8:30 – 
9:00 AM 

Steering 
Committee 

 NUMUG Business Meeting (Part 2 of 2) 
Meeting Room 3 

 
9:00 AM:  Session III – CHANGES IN OUR WORLD     [Marsha Kinley] 
 
9:00 AM Ping Wan Bechtel Permitting Challenges for the New 

Generation of Nuclear Power Plants 
9:20 AM Paul Fransioli DOE/YMP Yucca Mountain Update 
9:40 AM Doyle Pittman TVA Private vs. Federal MET Services – 

Update from AMS ad hoc committee 
 
10:00 – 10:10 AM:  BREAK for 10 Minutes 
 
10:10 AM Matt Parker Westinghouse 

Savannah River 
Co. 

Overview of CCM Program & National 
Council of Industrial Meteorologists 

10:30 AM Tom Bellinger Illinois Dept. of 
Nuclear Safety 

Replacing a Dial-up Weather System 
with a Web-Based Weather page 

 
11:00 AM:  End of FRIDAY Sessions  
 

11:00 AM – Noon:  Hotel “Check-out by Noon”, if needed.   Clear Meeting Room 
 
Noon – 1:00 PM:  Lunch (On your own). 
 
[Incoming & Outgoing Steering Committee Members meet over lunch.] 
 
 

 
1:00-3:00PM:  Tour of TVA’s Power Business Center and their “Weather Wall” 

 

      
 

 
3:00 PM:  NUMUG 2003 Adjourns!!   SEE YOU IN 2005!!! 



 

 
 
 
 
 
 
 
 

SESSION   I 
 
 
 

METEOROLOGICAL MONITORING PROGRAMS 
 



 

1.1 
 

Stan Marsh 
 

ANSI/ANS-3.11 Update 
 

ANSI/ANS-3.11 (2000), American National Standard for Determining Meteorological 
Information at Nuclear Facilities, dated February 16, 2000, will expire in 2005.  This standard 
represents state of the art in terms of meteorological monitoring guidance for the entire nuclear 
industry.  In order to ensure that this standard remains current and viable, the ANSI/ANS-3.11 
Working Group has been reconstituted with the goal to reaffirm and revise the standard prior to 
its scheduled sunset in 2005.  As before, the Working Group will be chaired by Stan Marsh, 
CCM and Carl Mazzola, CCM.  The Working Group is comprised of members of both the 
private and public nuclear industry.  Both the Nuclear Utility Meteorological Data Users Group 
(NUMUG) and Department of Energy Meteorological Coordinating Council (DMCC) are well 
represented on the Working Group.  The membership of NUMUG and DMCC will have the 
opportunity to review and comment on the drafts of ANSI/ANS-3.11 Rev. 1 during their 
preparation.  Revisions to the standard will include consideration of in situ and remote 
monitoring system technologies, data management and display, and should/shall considerations. 
 
The current schedule is for the release of the final ANSI/ANS-3.11 Rev. 1 by February 16, 2005. 

 



ANSI/ANS-3.11(2000)
Determining Meteorological 

Information at Nuclear Facilities
Update

Stanley L. Marsh, CCM
Southern California Edison

Carl Mazzola, CCM
Shaw Environmental & 

Infrastructure

9th NUMUG Meeting
Chattanooga, TN
October 8, 2003



ANSI/ANS-3.11(2000)

National Standard

w Purposes

n Provide update on ANSI/ANS-
3.11(2000) status and future 
activities.

n Report on effort to reaffirm, 
revise/modify, or recertify 
ANSI/ANS-3.11(2000).

n Report on effort to seek NRC 
and DOE recognition of 
ANSI/ANS-3.11(2000).



ANSI/ANS-3.11(2000)

Status and Future 
Activities



ANSI/ANS-3.11

Chronology

n ANSI/ANS-3.11 Effort 
initiated: June 15, 1996

n ANSI/ANS-3.11(2000) 
published: February 16, 2000

n ANSI/ANS-3.11 Working Group 
reconstituted: February 12, 
2003

n ANSI/ANS-3.11(2000) sunset: 
February 16, 2005



ANSI/ANS-3.11(2000)

All Encompassing

w Reflects current operational and 
regulatory climate by 
incorporating state-of-the-art 
data acquisition, processing, 
and recording technology.

w Applicable to all nuclear 
facilities nationwide, civilian 
nuclear power industry and 
Federal government.

w Applicable to meteorological 
monitoring supporting life-cycle
nuclear activities (i.e., siting, 
licensing, construction, 
operation, emergency response, 
D & D).



ANSI/ANS-3.11(2000)

All Encompassing (con’t)

w Based on current and existing 
meteorological guidance.

w Clarifies existing issues and 
provides additional guidance 
without imposing new 
requirements.

w Represents a technically sound, 
stand alone, state-of-the-art 
standard without consideration 
of regulatory forcing functions.



ANSI/ANS-3.11(2000)

8th NUMUG Mtg. Survey

w Should NUMUG support WG to seek re-
affirmation of ANSI/ANS-3.11?
Yes          No

w Should NUMUG initiate discussions with NRC to 
gain endorsement of ANSI/ANS-3.11?
Yes          No

w Would you serve as a member on the ANSI/ANS-
3.11 WG?
Yes          No

w Would you Chair the ANSI/ANS-3.11 WG?
Yes          No

w Comments/Ideas
_________________________________________________
_________________________________________________

w Name      ________________________
w Affiliation _______________________



ANSI/ANS-3.11(2000)

8th NUMUG Mtg. Survey -
Responses

w REAFFIRMATION - Very Positive

w ENDORSEMENT – Very Positive

w WORKING GROUP PARTICIPATION – Modest 
Interest

w WORKING GROUP CHAIR – Deafening Silence

w COMMENTS

n Large majority favored modernizing the Standard 
rather than just correcting typographical errors. 
Key topics to consider,
l Scientific advances in technology
l In Situ and remote monitoring system
l Data management and display
l Incorporation/Reference of other new standards
l Should/Shall re-evaluation



ANSI/ANS-3.11(2000)

How To Address 2005 
Sunset?

Reaffirmation, Revision, 
Recertification



ANSI/ANS-3.11(2000)

Reaffirmation Process

w Options

n Reaffirm “As Is” by 2/16/05

n Allow standard to expire by 
doing nothing 

n Revise (Minor Editorial 
Revisions)

n Modify (Major Revisions)

w Reactivate ANSI/ANS-
3.11(2000) Working Group



ANSI/ANS-3.11(2000)

Working Group Participants 
and Structure

SUBGROUP I: Co-CHAIRs

OVERSIGHT AND FACILITATION
NUMUG Rep: Stan Marsh (SCE)
DMCC Rep: Carl Mazzola (Shaw E&I)

SUBGROUP II: TECHNICAL RESEARCHERS 
AND WRITERS

DEVELOPMENT OF TECHNICAL MATERIALS
Mark Abrams Consultant ABS Inc.
Bob Banta Fed Research ERL/ETL
Tom Bellinger State Pgm IDNS
Paul Fransioli Consultant SAIC
Brad Harvey Regulator NRC
David Katz Vendor Climatron.
Matt Parker Fed Pgm WSRC
Ken Wastrack Util/Fed Pgm TVA



ANSI/ANS-3.11(2000)

Working Group Participants 
and Structure (con’t)

SUBGROUP III: PEER REVIEWERS

Rob Addis Fed Pgm Mgr WSRC
Desmond Bailey Regulator EPA
Ron Baskett Fed Pgm Mgr LLNL
Bob Baxter Consultant T&BS
Bruce Carson Util Pgm PP&L
Kirk Clawson Fed Pgm ARL FRD 
Jerry Crescenti Util Pgm FPL
Mark Duranko Util Pgm FirstEner
Jim Fairobent Fed Pgm DOE/NA-41
Clifford Glantz National Lab PNNL
Jim Holian Consultant SAIC
John Irwin Regulator EPA RTP
Stanley Krivo Regulator EPA IV
Hal Peterson Fed Pgm DOE/EH-412
Doyle Pittman Util Fed Pgm TVA
Darryl Randerson Fed Pgm Mgr ARL SORD
Walt Schalk Fed Pgm Mgr ARL SORD
Bob Swanson Consultant PG&E Ret.
Steve Vigeant Consultant Shaw E&I
Ping Wan Consultant Bechtel
Bob Yewdall Util Pgm Mgr PSE&G



ANSI/ANS-3.11(2000)

Recertification Process

w Working Group develops First 
and Second Drafts

w ANS-25 Consensus Committee 
Review (Carl Mazzola is new 
ANS-25 Chairman)

w ANS Nuclear Facilities 
Standards Committee (NFSC) 
Review (Carl Mazzola is member 
of NFSC)

w ANSI Board of Standards 
Review (BSR) Approval



ANSI/ANS-3.11(2000)

Schedule

w First Draft of ANS-3.11 Rev 1 Developed  8/01/03
w WG III Comments on First Draft                9/15/03 
w Comment Resolution: NUMUG Meeting   10/08/03
w WG II Develops Second Draft                   12/01/03
w Comment Resolution: AMS Meeting        01/15/04
w Second Draft to ANS-3                             03/01/04
w Resolve ANS-3 Comments: ANS Mtg 06/15/04
w Third Draft to NFSC                                 08/01/04
w Resolve NFSC Comments: ANS Mtg 11/15/04
w Galley Proof to ANS for ANSI Approval   01/01/05
w ANS-3.11 Revision 1 Issued                     02/16/05



ANSI/ANS-3.11(2000)

NRC and DOE Recognition



ANSI/ANS-3.11(2000)

REGULATORY STATUS

w NUMUG authored a letter to NRC dated 
7/24/02 requesting recognition of 
ANSI/ANS-3.11(2000).

w NRC has not yet responded to NUMUG 
letter.

w Brad Harvey, CCM, Working Group II 
member, has recently accepted a position 
with NRC.

w DOE/EH-53 TSPO has been Informed of 
Initiation of Reaffirmation Process through 
DMCC MTC

w DOE/EH-0173T Chapter 4 has been revised 
to be consistent with ANS-3.11. 
Concurrence review completed in August.



ANSI/ANS-3.11(2000)

w How Do I Purchase a Copy?

w Write or  Call,

w American Nuclear Society 
w 555 North Kensington Ave.
w La Grange Park, Illinois        

60526
n Attn:  ANS Standards Manager

n (708) 352-6611
n (708) 352-0499 (FAX)

n E-mail at NUCLEUS@ans.org
n http://www.ans.org



 

1.2 
 

Bob Yewdall 
 

Supporting Maintenance Activities 
 

Maintenance of meteorological instrument and data acquisition/ display systems generally 
receive adequate attentions.  This portion of the monitoring systems is implemented by 
approved/ controlled processes and procedures.  In addition, inspections and audits performed by 
regulatory oversight organizations and internal audits (QA and self-assessment) assure 
satisfactory instrument performance.   However, supporting maintenance activities with respect 
to structures (towers, instrument building and site areas) may not receive the same level of 
attention as the meteorological instruments.     
 
Lack of adequate maintenance may lead not only to degraded meteorological system 
performance but also to unsafe conditions.  Increasingly, may meteorological towers have 
become dual function structures supporting radios, microwave, cellular telephone equipment.  
This leads to additional burden on maintenance support organizations.   
 
Maintaining items such as: HVAC, cathodic protection, lightning protection, UPS systems, 
security fencing, guy wire and anchors inspections, power and instrument wiring and conduit 
inspections, vegetation control, FAA warning lights and structural reviews of the tower are 
extremely important.  In many cases there are no owners of these activities or they have become 
orphaned due to organizational changes or program cutbacks.  Necessary resources attention and 
budgeting may be lacking in organizations and directly contribute to inadequate maintenance. 
 
 In May of this year a Maintenance Survey was sent to NUMUG members.  This paper provides 
a summary of the results of the survey. 

 



Meteorological Monitoring 
Supporting Maintenance Activities

Robert F. Yewdall

PSEG Nuclear LLC

NUMUG Oct 2003
Chattanooga, TN



Background
Maintenance of meteorological instrument and data 
acquisition/ display systems generally receive adequate 
attentions.  This portion of the monitoring systems is 
implemented by approved/ controlled processes and 
procedures.  In addition, inspections and audits performed by 
regulatory oversight organizations and internal audits (QA and 
self-assessment) assure satisfactory instrument performance.   
However, supporting maintenance activities with respect to 
structures (towers, instrument building and site areas) may not 
receive the same level of attention as the meteorological 
instruments



Safety Issues

Lack of adequate maintenance may lead not 
only to degraded meteorological system 
performance but also to unsafe conditions.  
Increasingly, may meteorological towers have 
become dual function structures supporting 
radios, microwave, cellular telephone 
equipment.  This leads to additional burden on 
maintenance support organizations.  



Other Programs & Systems

Organizational Responsibilities

Intra-department cooperation 

Planning & Scheduling

Budgeting For PM & CM 



Ownership

Maintaining items such as: HVAC, cathodic 
protection, lightning protection, UPS systems, security 
fencing, guy wire and anchors inspections, power and 
instrument wiring and conduit inspections, vegetation 
control, FAA warning lights and structural reviews of 
the tower are extremely important.  In many cases 
there are no owners of these activities or they have 
become orphaned due to organizational changes or 
program cutbacks.  Necessary resources attention and 
budgeting may be lacking in organizations and 
directly contribute to inadequate maintenance.



Checking What ?

Surveillance Checks

Operability Checks

Functional Checks

Safety – Hazard Checks



PM – CM – Corrective Action

Preventative Maintenance Activities

Corrective Maintenance

Corrective Action 
n Problem Identification
n Cause (Apparent Cause, Root Cause, etc.)
n Resolution
n Documentation



Questionnaire
Meteorological Monitoring System Maintenance Questionnaire – Non-Instrument

I. How often are the following non-instrument maintenance activities performed?
1. Guy wire tension checks (if not free standing) _____________________________________
2. Inspections of guy wire anchors & hardware ______________________________________
3. Tower structural reviews – including climbing apparatus ____________________________
4. Instrument and electrical conduit/ wiring _________________________________________
5. Tower junction boxes (including heaters, seals etc.)_________________________________
6. Tower warning lighting (beacon, strobe etc.) ______________________________________
7. Tower painting _____________________________________________________________
8. Grounding system (including cathode protection) __________________________________
9. Lightning protection__________________________________________________________
10. Instrument building PMs (i.e., painting, penetration seals, etc.,) _______________________
11. Backup power (batteries, generators) ____________________________________________
12. Security fencing ____________________________________________________________
13. HVAC ____________________________________________________________________



Questionnaire – cont.

II. Is the same organization that is responsible for 
instruments (calibrations, maintenance & repair, 
surveillance data collection) the department responsible 
for these maintenance activities? 

1. If no, what organizational department is responsible? (i.e., 
maintenance, yard departments, contractors)?

2. If yes, which activities?
3. Are material resources (paint, new guy wires, tower/shelter hardware 

etc.) budgeted as I&C expenses

III. What process or protocols do you have in place (or utilize) 
to ensure that physical problems associated with 
meteorological related structures, and/or grounds are 
corrected expeditiously? 



Meteorological Monitoring System Maintenance Questionnaire -  Non-Instrument
 

 R e s p o n d e n t
Tasks MJP Duke TVA Comm Pk M & T Millstone PSEG

1  Guy wire tension checks (if not free standing) Annual 3 Years 3 years Annual Annual 5 Year 5 Years

2  Inspections of guy wire anchors & hardware Annual 3 years Annual Annual Annual 5 Year 5 years

3  Tower structural reviews - including climbing app Annual 3 Years 3 years3 Annual Annual N/A6 5 Years6

4  Instrument and electrical conduit/ wiring Annual 6 Mo.2 3 years Annual 3 Mo. N/A 6 Mo.

5  Tower junction boxes (inc. heaters, seals etc.) 6 Mo. 6 Mo. 3 years Annual Annual N/A 6 Mo.

6  Tower warning lighting (beacon, strobe etc.) Annual N/A 3 years3 Annual 1 Mo. Annual 6 Mo

7  Tower painting Ann Insp1 N/A 5 years1 Annual 3 Mo. N/A As Req

8  Grounding system (including cathode protection) 6 Mo. 6 Mo. 3 years N/A Annual N/A 5 Years

9  Lightning protection 6 Mo. 3 Years 3 years N/A Annual N/A As Req

10 Instrument building PMs (painting, seals, etc.) Ann Insp As Req As Req N/A 1 Mo. N/A As Req

11  Backup power (batteries, generators) As Req 6 Mo. 1 week4 Annual 1 Mo. 1 Mo. As Req

12  Security fencing N/A 1 Week5 N/A N/A 1 Mo. N/A Annual

13  HVAC 6 Mo. 1 Week5 As Req Annual 1 Mo. N/A Annual

Footnotes:
1. If required
2. 6 Mo instruments 0 3 years for power, etc.
3  Ground level visual annually
4. Weekly operability - 6 month functional
5. Weekly or monthly
6. Annual harness insp.



Acquisition #: SALEM
Team Member:

Guy Wires

Draw an elevation view of a typical anchor point with hardware 
dimensions and number of guys.

Draw a plan view and elevation of a typical torque arm and 
show distance from tower face to the guy attachment(s).

N/A

Repeat on separate sheet (page 4a - provided) if necessary.

Guy Level 
Number

Guy  Diameter
Guy 

Elevation 
on Tower

TENSION  BEFORE 
AND AFTER

TEMP
Notes: Include Details about Grounding 

and Safeties

1 3/8'' 65 ' 1520 / 1520 72 NO GROUNDS ON GUY WIRES

2 1/2'' 125' 1800 /2500 72

3 9/16'' 185' 3100 / 3100 72

4 9/16'' 245' 2200 / 3200 72

5 9/16'' 305' 2300 / 3300 72

  

  



Team Member:
Tower Information Page

Tower Type: 

Choose Guyed or SSV, AND Triangular or Square, (Except for Monopole)

Tower Height AGL: 305 FT Ft Make: ROHN Model #: 80

 Building Height AGL: Overall Structure Height:

Mfg. File #: Date Erected: Erected By: Phone:

Tower Originally built to withstand speeds of: (From Drawings)

Is this tower an acquired asset? If NO, List Owner:

Overall Tower Condition: Date last inspected:

Tower face width at base (Center to Center): 25' in.
Construction:

(Or Diameter for a Monpole)

Tower Legs: Leg Diameter at Base:

Check Two of Above  (Example: Round  & Hollow)
Describe foundation condition (cracks, pitting, erosion, etc):

Leg Orientation - Relative to Magnetic North: (A) 0 ° (B) 120 (C) 240 ° {D}
Guy Wire Orientation - Relative to Magnetic North: (A) ° (B) (C) ° {D}
Fill Above out for ALL Towers (Except Monopole)

Maximum Distance from tower leg to guy anchor: (A) (B) (C)  {D}
(Each Ring)

(A) (B) (C)  {D}

(A) (B) (C)  {D}

Anchors Inspected: YES Condition: GOOD

Platform/Star Mount Elevations :BOOMS 1) 2) 3) 4) 5)

Tower Grounding Description (Detailed): 2/O STRANDED Condition: GOOD Lightning Rod:

Distance from Closest Building Tower to Building Cable Bridge? Cable Bridge



Recent Problem

NUMUG Listserver Question – Sept. 2, 2003

We are bringing in a tower vendor tomorrow to inspect our guy 
wire anchors and our tower.If the guy wires are showing any 
sign of degradation, the vendor will not climb the tower.

I was wondering if anyone has had experience with finding 
degraded conditions? 
What affect did it have on the operability of the tower?
Were plant personnel allowed to perform surveillances or 
instrument calibrations prior to repairing the condition?



 

1.3 
 

Gregory Hood 
 

Gaining from Self-Assessment 
 
Self-Assessments have become very popular tool in the nuclear industry to improve performance 
and to confirm regulatory compliance.  It has been determined that the most effective 
organizations are the ones that are driven to improve from within rather than only looking to 
change when external forces require them to do so.  Since most of the US nuclear plants have 
now been in operations for more than 10 years a self-assessment will determine if the 
meteorological program has continued to evolve with new regulatory guidance and state-of-the 
art equipment. 
 
As an example of a completely independent self-assessment with good cooperation from all 
parties involved at the utility, a self-assessment of all aspects of the Waterford 3 meteorological 
program was performed.  The assessment team was made up of a good mix of plant, utility, 
corporate utility and independent meteorologists.  Since the utility does not have a meteorologist 
on staff, it was necessary to bring in expertise from outside the utility.  Bringing in people from 
outside the utility provides site management with an objective view of current performance.  
This paper will describe the process of a meteorological self-assessment and the good results 
attained through cooperation at Waterford 3. 
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Gregory HoodGregory Hood 11

Waterford 3 Meteorological Monitoring Program AssessmentWaterford 3 Meteorological Monitoring Program Assessment

Gregory HoodGregory Hood 22

WF3 Meteorological Monitoring WF3 Meteorological Monitoring 
Program AssessmentProgram Assessment

uuWhat is the health of the What is the health of the 
meteorological monitoring program meteorological monitoring program 
at WF3?at WF3?

uuWhat should a meteorological What should a meteorological 
monitoring program at a nuclear monitoring program at a nuclear 
power facility consist of?power facility consist of?

uuAt WF3, are we doing enough? Are At WF3, are we doing enough? Are 
we doing too much?we doing too much?

Gregory HoodGregory Hood 33

Unique situation at WF3Unique situation at WF3

uuFrequently subpoenaed for our Frequently subpoenaed for our 
meteorological data.meteorological data.

uuMany chemical plants and refineries Many chemical plants and refineries 
are located in the vicinityare located in the vicinity
––Dupont, Shell, Dupont, Shell, OxidentalOxidental, Dow, & more., Dow, & more.

uuWe can be supplying data for either We can be supplying data for either 
plaintiffs or defendants.plaintiffs or defendants.

uuSometimes data is requested directly Sometimes data is requested directly 
from a law firm (no subpoena).from a law firm (no subpoena).

Gregory HoodGregory Hood 44

Environmental Engineer / Environmental Engineer / 
Specialist WF3 ResponsibilitiesSpecialist WF3 Responsibilities
uuMet data validation and QC.Met data validation and QC.
uuAnnual met program report.Annual met program report.
uuDispersion & deposition factorsDispersion & deposition factors
uuMany nonMany non--meteorological duties:meteorological duties:

––NPDES permitting & reportingNPDES permitting & reporting
––Air Permitting & reportingAir Permitting & reporting
––Hazardous waste & Industrial WasteHazardous waste & Industrial Waste
––Environmental reviews and evaluationsEnvironmental reviews and evaluations
––etc., etc.etc., etc.

Gregory HoodGregory Hood 55

Waterford 3 Meteorological Monitoring Program AssessmentWaterford 3 Meteorological Monitoring Program Assessment

Gregory HoodGregory Hood 66

Assessment QuestionsAssessment Questions

uuMore NRC scrutiny of REMP locations More NRC scrutiny of REMP locations 
sited with meteorological sited with meteorological 
considerations considerations 

uu Is the environmental specialist Is the environmental specialist 
devoting enough time to the devoting enough time to the 
meteorological monitoring program?meteorological monitoring program?



2

Gregory HoodGregory Hood 77

Assessment Process at WF3 & Assessment Process at WF3 & 
Entergy Nuclear Entergy Nuclear –– SouthSouth

uuYearly, assessment topics are Yearly, assessment topics are 
submitted to site and corporate submitted to site and corporate 
assessment groupsassessment groups

uuThis year was time for the This year was time for the 
meteorological monitoring programmeteorological monitoring program
–– important to me because of subpoenasimportant to me because of subpoenas
––Important to my boss because he got a Important to my boss because he got a 

subpoena when I was out of townsubpoena when I was out of town

Gregory HoodGregory Hood 88

General IssuesGeneral Issues

uuNuclear industry trend, reduce costsNuclear industry trend, reduce costs
uuStaffing levels have gone down.Staffing levels have gone down.
uuThe meteorological monitoring The meteorological monitoring 

program may not be getting the program may not be getting the 
detailed technical assessments detailed technical assessments 
managers think is occurring by the managers think is occurring by the 
routine QA audits and NRC routine QA audits and NRC 
inspections.inspections.

Gregory HoodGregory Hood 99

Waterford 3 Meteorological Monitoring Program AssessmentWaterford 3 Meteorological Monitoring Program Assessment

Gregory HoodGregory Hood 1010

Audit scope:Audit scope:
uuThe assessment should include a The assessment should include a 

check of compliance with current check of compliance with current 
procedures and requirementsprocedures and requirements

uuAdditionally, we wanted a critical Additionally, we wanted a critical 
look at the entire programlook at the entire program
––Is everything that should be getting Is everything that should be getting 

done, being done?done, being done?
uuQA audits and NRC inspections can QA audits and NRC inspections can 

give false sense of securitygive false sense of security
––No problems or deficiencies are thought No problems or deficiencies are thought 

to exist.to exist.

Gregory HoodGregory Hood 1111

WF3’s Meteorological WF3’s Meteorological 
monitoring program.monitoring program.

uu 1985 to 1991, WF3 did not collect digital 1985 to 1991, WF3 did not collect digital 
met data.met data.

uu Data was transformed into digital data by Data was transformed into digital data by 
sending strip charts to a vendor.sending strip charts to a vendor.

uu Strip charts were sent in every 4 weeks.Strip charts were sent in every 4 weeks.
uu Problems in the data/strip charts would Problems in the data/strip charts would 

frequently cause large periods of data frequently cause large periods of data 
loss.loss.

uu Corrective actions recommended by the Corrective actions recommended by the 
vendor lagged far behind when the vendor lagged far behind when the 
problems appeared.problems appeared.

Gregory HoodGregory Hood 1212

WF3 project to provide onWF3 project to provide on--site site 
digital datadigital data

uuFirst program (1991):First program (1991):
––Writing one minute met data to a 9Writing one minute met data to a 9--

track tape off of the Plant Monitoring track tape off of the Plant Monitoring 
Computer (PMC).Computer (PMC).

––The tape was given to Health Physics The tape was given to Health Physics 
Department and read into a database Department and read into a database 
on an RS/6000.on an RS/6000.

––A software program was run that A software program was run that 
calculated and created hourly averaged calculated and created hourly averaged 
met data records.met data records.
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Waterford 3 Meteorological Monitoring Program AssessmentWaterford 3 Meteorological Monitoring Program Assessment
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WF3 project to provide onWF3 project to provide on--site site 
digital data (cont’d)digital data (cont’d)

––Finally, the best set of parameters to Finally, the best set of parameters to 
use was created consisting of the bare use was created consisting of the bare 
basic necessities:basic necessities:
uu10m WS10m WS
uu10m WD10m WD
uudeltadelta--temptemp

––This was sufficient data to determine This was sufficient data to determine 
X/Q & D/Q information.  X/Q & D/Q information.  

Gregory HoodGregory Hood 1515

Meteorological Tower Meteorological Tower 
Instrumentation Upgrade (P 1)Instrumentation Upgrade (P 1)
uu The current The current ClimatronicsClimatronics/Campbell /Campbell 

Scientific system was installed in Scientific system was installed in 
19951995
––CRCR--10 & solid state data storage10 & solid state data storage
––Still 4Still 4--20 ma analog output to plant20 ma analog output to plant

uuThe The metdatametdata software was resoftware was re--written written 
to run under windows using Visual to run under windows using Visual 
Basic and an Access database.Basic and an Access database.
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Meteorological Tower Meteorological Tower 
Instrumentation Upgrade (P 1)Instrumentation Upgrade (P 1)

uuTowers now determined 15 minute Towers now determined 15 minute 
and hourly averaged data.and hourly averaged data.

uuThe strip chart recorders were The strip chart recorders were 
eliminated and replaced with solid eliminated and replaced with solid 
state data storage modules.state data storage modules.

uuThis basic This basic metdatametdata software is still software is still 
being used, today.  being used, today.  
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Waterford 3 Meteorological Monitoring Program AssessmentWaterford 3 Meteorological Monitoring Program Assessment
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Meteorological Tower Meteorological Tower 
Instrumentation Upgrade (P 2)Instrumentation Upgrade (P 2)

uu 19961996
uu the data stream from the tower was the data stream from the tower was 

converted to digitalconverted to digital
uu the PMC was upgraded including the PMC was upgraded including 

implementation of the PI plant data implementation of the PI plant data 
archiving system.archiving system.
–– This provided additional data useful in the This provided additional data useful in the 

analysis of met data.analysis of met data.
uu The PI database can be utilized to obtain The PI database can be utilized to obtain 

met data should data be lost from the met data should data be lost from the 
solid state data storage modules.solid state data storage modules.



4

Gregory HoodGregory Hood 1919

WF3 ReWF3 Re--organizationorganization

uuOctober 1996October 1996
––Health Physics transferred effluent and Health Physics transferred effluent and 

environmental monitoring programs and environmental monitoring programs and 
some personnel (including the met some personnel (including the met 
monitoring program) to Chemistry monitoring program) to Chemistry 
Department.  Department.  

––One onOne on--site person has been primarily site person has been primarily 
involved in dealing with meteorological involved in dealing with meteorological 
data since 1989.data since 1989.
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Building a High Quality Building a High Quality 
AssessmentAssessment

uu Need a pollution meteorologist on the Need a pollution meteorologist on the 
team.team.

uu Entergy technicians and specialists don’t Entergy technicians and specialists don’t 
have as much expertisehave as much expertise
–– Little exposure to other meteorological Little exposure to other meteorological 

monitoring programsmonitoring programs
–– Will base much upon how their site program is Will base much upon how their site program is 

run.run.
uu Mgmt suggested we find two Mgmt suggested we find two 

meteorologists from different companies meteorologists from different companies 
to be on the assessment team.to be on the assessment team.

Gregory HoodGregory Hood 2121

Waterford 3 Meteorological Monitoring Program AssessmentWaterford 3 Meteorological Monitoring Program Assessment
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Building a High Quality Building a High Quality 
Assessment (cont’d)Assessment (cont’d)

uu Thanks to NUMUG, I had a starting point Thanks to NUMUG, I had a starting point 
to help me find meteorologiststo help me find meteorologists

uu Due to time crunch, I limited searching for Due to time crunch, I limited searching for 
meteorologists to those I was aware of on meteorologists to those I was aware of on 
a short list from the last NUMUG meeting a short list from the last NUMUG meeting 
that I attendedthat I attended

uu Two meteorologists on the team presented Two meteorologists on the team presented 
some difficulty in keeping costs downsome difficulty in keeping costs down
–– This impacted their time available onThis impacted their time available on--sitesite

Gregory HoodGregory Hood 2323

Assessment Scope:Assessment Scope:

uuWanted it to cover just about all of Wanted it to cover just about all of 
the major aspects of the program.the major aspects of the program.

uuReviewed guidance documents and Reviewed guidance documents and 
referencesreferences

uuAlso was familiar with the “hard” Also was familiar with the “hard” 
questions to ask.questions to ask.

uu16 Objectives in the Assessment 16 Objectives in the Assessment 
Planning WorksheetPlanning Worksheet

Gregory HoodGregory Hood 2424

Assessment ReportAssessment Report

uuGuidelines for the content of Guidelines for the content of 
assessment report provided to the assessment report provided to the 
meteorologist team membersmeteorologist team members

uuEach meteorologist to supply an Each meteorologist to supply an 
assessment reportassessment report

uu Information from other team Information from other team 
members sent to team leadermembers sent to team leader

uuUsed in the creation of the final site Used in the creation of the final site 
assessment reportassessment report
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Abstract 
 

Self-Assessments have become very popular tool in the nuclear industry to evaluate 
performance and to confirm regulatory compliance.  The most effective organizations are the 
ones that are driven to improve from within rather than only changing when external forces 
require them to do so.  Since most of the U.S. nuclear plants have now been in operations for 
more than 10 years, a self-assessment will determine if the meteorological program meets its 
objectives relative to prior and new regulatory guidance, and if the program is operating 
efficiently given improvements in state-of-the art equipment.  
The Entergy Operations team at their Waterford 3 plant in Killona, Louisiana contracted with 
independent meteorologists to cooperatively perform a self-assessment of their 
meteorological program.  The independent perspective provides site management with an 
objective view of how well the program objectives are being met, and how efficiently the 
program is being performed.  This paper describes a good example of the process of a 
meteorological self-assessment and the good results attained  
 

1.  Introduction 
The incentives for initiating an external self-assessment of the Waterford 3 meteorological 
program came from a variety of factors.  The most important program issues are data quality 
and verification methods, and regulatory compliance.  Recent NRC inspections had included 
increased attention on the program.  Data from the program was being subpoenaed for use 
by nearby industrial facilities for environmental litigation purposes.  The data processing and 
reporting had been moved from an external contractor to in-plant staff, which recognized 
their own lack of meteorological expertise.  The staff was inheriting additional portions of the 
program previously performed by engineering staff.  Rather than perform the assessment 
with in-plant staff, two independent meteorologists experienced in nuclear programs were 
contracted to perform the assessment.  This allowed for the desired level of meteorological 
oversight plus the independence in the evaluation process.  
 

2.  Assessment Process 
Waterford 3 staff identified sixteen specific objectives in the assessment plan. All were 
focused on obtaining information to evaluate compliance with plant technical specifications 
and regulatory guidance, including the ANSI/ANS-3.11 standard.  The steps included visual 
inspections of the meteorological towers, interviewing staff performing engineering, technical 
and operational functions, examining data collection and processing software, and reports.  



The independent assessment team was asked to evaluate sensor-siting criteria in addition to 
operational methods used throughout the program.   
The outside assessment team was provided with ample preparatory information in advance.  
The information included plant reference manuals (FSAR commitments), procedures and 
quality assurance manuals, and examples of site data.  The audit team prepared an audit 
checklist that included items such as:  

• Equipment siting, condition, specifications (e.g. threshold and accuracy) 
• Site meteorological data, and quality controls on data processing 
• Quality steps of the instruments and operations, maintenance and calibrations 
• Record keeping, and references 

The assessment team was on-site for two days.  The primary plant person responsible for 
the program arranged ample meeting space, provided examples of documents, and scheduled 
interviews with appropriate operating staff in addition to being a primary participant in the 
assessment himself.  A corporate environmental representative observed the assessment and 
participated in the discussions.   
 

3.  Results  
The two independent meteorologists produced separate reports on their evaluations.  The 
Waterford 3 staff responsible for the program then produced an internal final report following 
self-assessment guidance.  The evaluation produced many positive comments about the 
operation.  The final results were one condition report, one major strength, twenty-two areas 
for improvement and six observations.  The condition report and each of the areas for 
improvement will be assigned a tracking number and will be followed until the recommended 
action is completed.  This helps to assure that the findings in the report will receive adequate 
attention by plant personnel.  A number of opportunities for improving efficiency and 
reducing the risk of extended data loss were included in the reports.   
 



 

1.4 
 

Kip Barbour 
 

Wind Speed Interference from MET Tower  Beacon 
 

In early April 2002 while validating Callaway Plant's meteorological data for the Annual 
Effluent Release Report, Tim Waldron of Met Associates, Inc. performed differential analysis of 
the Primary Tower 10M WS data compared to the Secondary 10M WS data.  This analysis 
identified an approximate 3 m/s bias on the Primary Tower data, but only at night. 
 
This presentation provides some examples of the differential analysis used by Met Associates to 
identify the intermittent bias found in the Callaway Plant wind speed data. 

 



Wind Speed InterferenceWind Speed Interference
From Callaway’s Aviation BeaconFrom Callaway’s Aviation Beacon

Tim Waldron, Met Associates Tim Waldron, Met Associates 
Kip Barbour, Callaway PlantKip Barbour, Callaway Plant

October 9, 2003October 9, 2003



Wind Speed Interference at NightWind Speed Interference at Night

In early April 2002 while validating Callaway In early April 2002 while validating Callaway 
Plant's meteorological data for the Annual Plant's meteorological data for the Annual 
Effluent Release Report, Tim Waldron of Met Effluent Release Report, Tim Waldron of Met 
Associates, Inc. performed differential Associates, Inc. performed differential 
analysis of the Primary Tower 10M WS data analysis of the Primary Tower 10M WS data 
compared to the Secondary 10M WS data.  compared to the Secondary 10M WS data.  
This analysis identified an approximate 3 This analysis identified an approximate 3 
m/sm/s bias on the Primary Tower data, bias on the Primary Tower data, but but 
only at nightonly at night..



Illustrations of Differential AnalysisIllustrations of Differential Analysis

The following slides provide some examples The following slides provide some examples 
of the differential analysis used by Met of the differential analysis used by Met 
Associates to identify the intermittent bias Associates to identify the intermittent bias 
found in the Callaway Plant wind speed found in the Callaway Plant wind speed 
data.data.



Wind Speed Interference at NightWind Speed Interference at Night

•• Tim speculated that the data was being Tim speculated that the data was being 
affected by some kind of duskaffected by some kind of dusk--toto--dawn dawn 
circuitry at the Primary Tower shelter.circuitry at the Primary Tower shelter.

•• The only circuit controlled by a photocell The only circuit controlled by a photocell 
at the Primary Tower was the single at the Primary Tower was the single 
aviation beacon located at the top of the aviation beacon located at the top of the 
tower. tower. 



Single Strobe Aviation BeaconSingle Strobe Aviation Beacon

A Flash Technology 
FTB 310-4 strobe 
beacon was installed 
in September 1997. 



Flash Technology Power ConverterFlash Technology Power Converter

Cable to beacon

Conduit to Photocell



Initial TroubleshootingInitial Troubleshooting

•• The I&C FIN team verified the beacon was The I&C FIN team verified the beacon was 
the source of the interference by removing the source of the interference by removing 
the 10 meter level cups and manually the 10 meter level cups and manually 
placing the beacon controls in night mode.placing the beacon controls in night mode.

•• The strip chart recorder immediately The strip chart recorder immediately 
jumped to ~3 jumped to ~3 m/sm/s when the beacon was when the beacon was 
placed in night mode, and pulsed to ~5 placed in night mode, and pulsed to ~5 
m/sm/s with each flash of the strobe.with each flash of the strobe.



Immediate Actions TakenImmediate Actions Taken

•• Manually placed the beacon controls in Manually placed the beacon controls in 
day mode.  The strobe intensity is about day mode.  The strobe intensity is about 
20,000 candles vs. 2,000 for night mode.20,000 candles vs. 2,000 for night mode.

•• Wrote operability evaluation for WS with Wrote operability evaluation for WS with 
the beacon controls kept in day mode.the beacon controls kept in day mode.

•• Contacted the “nearest flight service Contacted the “nearest flight service 
station” concerning strobe in day mode.station” concerning strobe in day mode.

•• Wrote a “Night Order” for Operations.Wrote a “Night Order” for Operations.



Other Actions TakenOther Actions Taken

•• Submitted Special Report 2002Submitted Special Report 2002--002 to the 002 to the 
NRC.NRC.

•• Submitted an Operating Experience report Submitted an Operating Experience report 
through INPO.through INPO.



Obstruction Marking and LightingObstruction Marking and Lighting

Federal Aviation Administration Advisory Federal Aviation Administration Advisory 
Circular, AC 70/7460Circular, AC 70/7460--1K1K
23. Light Failure Notification23. Light Failure Notification

b. Any failure or malfunction that lasts longer than thirty b. Any failure or malfunction that lasts longer than thirty 
(30) minutes and affects a top light or flashing (30) minutes and affects a top light or flashing 
obstruction light, regardless of its position, should be obstruction light, regardless of its position, should be 
reported immediately to the nearest flight service reported immediately to the nearest flight service 
station (FSS) so a Notice to Airmen (NOTAM) can be station (FSS) so a Notice to Airmen (NOTAM) can be 
issued.issued.

FAA’s website:  www.faa.gov/ats/ata/ata400FAA’s website:  www.faa.gov/ats/ata/ata400



Obstruction Marking and LightingObstruction Marking and Lighting

This report should contain the following This report should contain the following 
information:information:

1.1. Name of persons or organizationsName of persons or organizations
2.2. The type of structureThe type of structure
3.3. Location of structureLocation of structure
4.4. Height of structure above ground levelHeight of structure above ground level
5.5. A return to service date.A return to service date.
6.6. FCC Antenna Registration Number, if app.FCC Antenna Registration Number, if app.



Obstruction Marking and LightingObstruction Marking and Lighting

24. Notification of Restoration24. Notification of Restoration
As soon as normal operation is restored, notify As soon as normal operation is restored, notify 
the same AFSS/FSS that received the notification the same AFSS/FSS that received the notification 
of failure.  The FCC advises that noncompliance of failure.  The FCC advises that noncompliance 
with notification procedures could subject its with notification procedures could subject its 
sponsor to penalties or monetary forfeitures.sponsor to penalties or monetary forfeitures.



Investigation of InterferenceInvestigation of Interference

I contacted the following sources:I contacted the following sources:
•• Innovative Flash, the contractor for Innovative Flash, the contractor for 

Callaway’s cooling tower lightsCallaway’s cooling tower lights
•• Flash Technology, the beacon vendorFlash Technology, the beacon vendor
•• NUMUG eNUMUG e--mail list servermail list server



Innovative FlashInnovative Flash

Richard Richard SchawbaSchawba of Innovative Flash stated of Innovative Flash stated 
that he was only aware of one case where that he was only aware of one case where 
the flash head itself was creating an RFI the flash head itself was creating an RFI 
field on a communications tower.  They field on a communications tower.  They 
finally corrected the affect by installing a finally corrected the affect by installing a 
wire mesh around the flash head.wire mesh around the flash head.



Flash TechnologyFlash Technology

The Flash Technology representative stated The Flash Technology representative stated 
that they do that they do notnot endorse installing a mesh endorse installing a mesh 
over their flash head.*  He recommended over their flash head.*  He recommended 
moving the beacon cable away from the moving the beacon cable away from the 
sensor cables.  He stated that they had had sensor cables.  He stated that they had had 
similar problems on communications towers similar problems on communications towers 
when the beacon cable was installed too when the beacon cable was installed too 
close to the communications lines.close to the communications lines.
*However, he also gave me the name and phone number of a competi*However, he also gave me the name and phone number of a competitor that sells a tor that sells a 
wire mesh made to fit their flash head…wire mesh made to fit their flash head…



Some NUMUG FeedbackSome NUMUG Feedback

•• ““One, ensure that your signal cable and strobe One, ensure that your signal cable and strobe 
cable are not cocable are not co--located located –– they should especially they should especially 
not be tied to the same junction box.  Two, not be tied to the same junction box.  Two, 
make sure that your power source for the met make sure that your power source for the met 
system and for the strobe are separate.  Both system and for the strobe are separate.  Both 
the met system and strobe should be grounded the met system and strobe should be grounded 
to your tower grounding network.”  to your tower grounding network.”  

Matt Parker, Matt Parker, WW Savannah River CompanySavannah River Company



Some NUMUG FeedbackSome NUMUG Feedback

•• ““If the Wind Speed data is only being biased If the Wind Speed data is only being biased 
from dusk until dawn, it may not be RFI.  We from dusk until dawn, it may not be RFI.  We 
had a problem years ago that required us to had a problem years ago that required us to 
jumper out the surge suppression on the ground jumper out the surge suppression on the ground 
return from the tower sensors into the return from the tower sensors into the 
ClimatronicsClimatronics computer.  …we were getting errors computer.  …we were getting errors 
on our wind direction sensors causing them to on our wind direction sensors causing them to 
read lower than expected.”read lower than expected.”

Tom Payne, Waterford 3Tom Payne, Waterford 3



Some NUMUG FeedbackSome NUMUG Feedback

•• ““I would imagine that if the cause of your I would imagine that if the cause of your 
problem is, indeed, RFI related proper problem is, indeed, RFI related proper 
grounding and shielding techniques for grounding and shielding techniques for 
both the sensor and lamp cable as well as both the sensor and lamp cable as well as 
rere--routing of the lamp power cable should routing of the lamp power cable should 
mitigate it.”mitigate it.”

Bob Bob PickwoadPickwoad, Palo Verde, Palo Verde



Some NUMUG FeedbackSome NUMUG Feedback

•• ““If I can add a note here, the shields need to be If I can add a note here, the shields need to be 
used.  Send each of them through the cable run used.  Send each of them through the cable run 
separately, and terminate them at the tower grid separately, and terminate them at the tower grid 
in the shelter in the shelter (floating the sensors is (floating the sensors is 
important)important).  Keep in mind that the analog .  Keep in mind that the analog 
translator circuits with the F460 system can pick translator circuits with the F460 system can pick 
up the RF, as well as the cable run.”up the RF, as well as the cable run.”

Ralph Ralph HeistandHeistand, Turkey Point, Turkey Point



Summary of Possible CausesSummary of Possible Causes

•• RFI from the beacon flash head.RFI from the beacon flash head.
•• EMI from the high voltage cable.EMI from the high voltage cable.
•• 60 Hz noise on tower ground.60 Hz noise on tower ground.
•• Inadequate instrument cable shield Inadequate instrument cable shield 

grounding.grounding.
•• Shared a/c power source.Shared a/c power source.



Cables at the Base of the TowerCables at the Base of the Tower

Retired 
cables and 
waveguides.

Beacon cable.

Instrument cables.

110 VAC power.

Tower ground cable.



Conduit Supports to the ShelterConduit Supports to the Shelter



Possible Source of InterferencePossible Source of Interference

110 VAC in
flex conduit

Beacon cable

Instrument cables



Review of Callaway TB DrawingsReview of Callaway TB Drawings

•• The drawings for the rack The drawings for the rack TBsTBs showed the showed the 
sensor shields grounded at the rack sensor shields grounded at the rack TBsTBs..

•• The drawings for the tower The drawings for the tower TBsTBs showed a showed a 
jumper between the sensor shields and jumper between the sensor shields and 
the tower ground.  Possible ground loop?the tower ground.  Possible ground loop?

•• The The ClimatronicsClimatronics vendor manual drawings vendor manual drawings 
showed them ONLY grounded at the rack.showed them ONLY grounded at the rack.



Extra Jumper from Shields



Corrective ActionsCorrective Actions

•• FIN Electricians removed the jumper in FIN Electricians removed the jumper in 
the tower the tower TBsTBs to float the sensor shields.  to float the sensor shields.  
This did not fix the interference problems.This did not fix the interference problems.

•• Planned work documents to move the Planned work documents to move the 
beacon cable.  Put on 12beacon cable.  Put on 12--week schedule!week schedule!

An Unexpected Discovery: An Unexpected Discovery: 
The sensor cable shields were cut off at the rack TB, The sensor cable shields were cut off at the rack TB, 
and were and were notnot grounded as shown on the rack drawings.grounded as shown on the rack drawings.



Corrective ActionsCorrective Actions

•• I&C FIN team reI&C FIN team re--lugged the sensor cables lugged the sensor cables 
and grounded their shields at the rack.  and grounded their shields at the rack.  
Grounding the sensor cable shields at Grounding the sensor cable shields at 
the rack corrected the interference.the rack corrected the interference.

•• The work document to move the beacon The work document to move the beacon 
cable was cancelled.cable was cancelled.

•• Health Physics and Met Associates had to Health Physics and Met Associates had to 
resubmit several Effluent Release Reportsresubmit several Effluent Release Reports



 

1.5 
 

Mark Carroll 
 

Annual MET Tower Inspections for Obstructions to Wind Flow 
 

A program for maintaining meteorological monitoring towers at nuclear facilities will be 
discussed.  Annual tower inspections are performed and are in compliance with the guidelines set 
forth in the ANSI/TIA/EIA-222-G-1996 document "Structural Standards for Steel Antenna 
Towers and Antenna Supporting Structures."  Annual inspections include a fourteen item 
checklist.  The purpose of the inspection is to identify any needed tower maintenance.  The 
results of the inspection are documented and reported along with any recommendations for 
corrective action.  The annual program also includes routine and as needed tower lighting 
maintenance. 
 
A second program has been established for performing annual site surveys for the terrain 
surrounding meteorological monitoring towers at nuclear facilities.  Annual surveys are based 
upon guidance from ANSI/ANS 3.11-2000, "Determining Meteorological Information at Nuclear 
Power Plants" and NRC Regula tory Guide 1.23, "Meteorological Programs in Support of 
Nuclear Plants."  The purpose of the site surveys is to locate any trees or other natural vegetation 
that are becoming an obstruction to "natural" wind flow.  Procedures and methods used to 
perform and document the site surveys will be presented.  The methodology used to determine 
existing and potentialobstructions to air flow will be detailed along with the use of photographs 
to document the existing site conditions. 

 



Annual Meteorological 
Monitoring Tower Inspections 

-- Maintaining Safety and 
Exposure to Wind

Murray and Trettel, Inc.
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ANNUAL METEOROLOGICAL MONITORING TOWER INSPECTIONS - MAINTAINING 
SAFETY AND EXPOSURE TO WIND 
 
Mark T. Carroll, Thomas J. Begley, Daniel R. Davidson, Andrew J. Lotz. 
Murray and Trettel, Inc. 
 
Abstract 
 
A program for maintaining meteorological monitoring towers at nuclear facilities will be 
discussed.  Annual tower inspections are performed and are in compliance with the 
guidelines set forth in the ANSI/TIA/EIA-222-F-1996 document "Structural Standards for 
Steel Antenna Towers and Antenna Supporting Structures."  Annual inspections include a 
multi-point checklist.  The purpose of the inspection is to identify any needed tower 
maintenance.  The results of the inspection are documented and reported along with any 
recommendations for corrective action.  The annual program also includes routine and as 
needed tower lighting maintenance.  
 
A second program has been established for performing annual site surveys of the area 
surrounding meteorological monitoring towers at nuclear facilities.  Annual surveys are 
based upon guidance from ANSI/ANS 3.11-2000, "Determining Meteorological Information at 
Nuclear Power Plants" and NRC Regulatory Guide 1.23, "Meteorological Programs in 
Support of Nuclear Power Plants."  The purpose of the site surveys is to locate any 
obstruction to "natural" wind flow.  Procedures and methods used to perform and document 
the site surveys will be presented.  The methodology used for determining existing and 
potential obstructions to air flow will be detailed along with the use of photographs to 
document the existing site conditions. 
 
 
ANNUAL METEOROLOGICAL MONITORING TOWER INSPECTIONS 
 
Tower inspections are performed on an annual basis with the following goals in mind: 
 
   - Minimize the liability exposure of the tower owner with respect to the owner’s 

employees, maintenance personnel and the general public; 
   - Extend the life of the tower structure; and 
   - Conform to existing laws and regulations governing the lighting, integrity and safety 

of the structure. 
 
Tower inspections are performed annually to determine what, if any, deficiencies exist.  Any 
deficiencies determined as a result of the annual inspection are corrected in a timely 
manner consistent with maintaining safe conditions and conforming to applicable 
regulations.  A report of all applicable tests, adjustments and inspections are provided to the 
tower owner whenever the annual inspection is performed. 
 
 
As a part of the annual tower maintenance procedures, the obstruction lamp bulbs (flashing 
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beacons and sidelights) are replaced on an as needed basis and on a scheduled semi-
annual basis.  Maintaining of painting to FAA specifications is also included as part of the 
tower maintenance. 
 
During quarterly meteorological calibrations, the tower lighting, including the beacon and 
sidelights, wiring and flasher are checked and replaced or repaired as needed.  Quarterly, 
the paint and guy wire tension conditions are also checked and documented. 
 
Towers are inspected and maintained using the guidance of the American National 
Standards Institute/Telecommunications Industry Association/Electronic Industries 
Association document,  ANSI/TIA/EIA-222-F-1996 "Structural Standards for Steel Antenna 
Towers and Antenna Supporting Structures."  Annex E of the aforementioned document 
pertains to tower maintenance and inspection procedures.  Annex E states that owners 
should perform initial and periodic tower inspections and maintenance to assure safety and 
to extend service life. It is recommended that major inspections be performed, at a 
minimum, every 3 years for guyed towers and every 5 years for self-supporting towers.  
Section 14 of ANSI/TIA/EIA-222-F-1996 recommends that all structures be inspected after 
severe wind and/or ice storms or other extreme loading conditions.  It is also recommended 
that shorter inspection intervals be considered for structures in coastal salt water 
environments, in corrosive atmospheres and in areas subject to vandalism. 
 
Current Murray and Trettel procedures call for annual tower inspections as compared the 
minimum 3-year inspections recommended by ANSI/TIA/EIA-222-F-1996.  The reasons for 
annual inspections include safety, especially for tower climbing personnel and budgeting for 
tower maintenance.  Tower inspections generally cost from $1,200 to $1,500 depending on 
the height of the tower.  One plant that performed tower inspections every three years found 
their tower required over $14,000 in maintenance.  Fees for the required maintenance were 
required to be found in the current year's budget.  Earlier detection of required tower 
maintenance would likely have made the budgeting process less painful.  Annual 
inspections can often lead to preventative maintenance, which is often much less 
expensive than required maintenance. 
 
The following tower conditions are inspected annually (see check list which is derived from 
ANSI/TIA/EIA-222-F-1996): 
 
   - Inspect for bent leg and lacing members, loose or missing members, for secure 

climbing facilities (platforms, catwalks, etc.) and loose and/or missing bolts. 
   - Check paint and/or galvanizing condition, rust and/or corrosion conditions, FAA or 

ICAO color marking conditions and water collection in any members. 
 
   - Check lighting conduit, junctions boxes and fasteners to be weather-tight and 

secure, drains and vents open as required, wiring condition, functioning of controller 
(flasher and photo control), light lenses and bulb condition. 

   - Check for secure grounding connections, corrosion and lightning protection. 
   - Check tower base foundation for settlements or movements and erosion, and site 

condition for standing water, drainage problems, trees, or other impediments. 
   - Check base condition for tight nuts and lock nuts, grout condition. 



 3 

   - Check concrete base for cracking, spalling or splitting; chipped or broken condition; 
honeycombing; low spots to collect moisture; and anchor-bolt condition. 

   - Check tower alignment for plumb within 1 part in 400 and linearity maximum 
deviation from a straight line between any points less than 1 part in 1000. 

 
For guyed towers: 
 
   - Check guy anchors for settlement, movement or earth cracks; anchor rod condition 

below earth (12 in. minimum); corrosion; grounding; and anchor head clear of earth. 
   - Guy cable should be checked for corrosion, breaks, nicks, kinks or any other 

detrimental condition. 
   - Guy turnbuckles should be secure and safety properly installed; the guy thimbles 

and service sleeves properly in place; cable clamps applied properly and bolts tight, 
any performed wraps properly applied, strandvices secure; and poured sockets 
secure and showing no sign of separation. 

   - Check shackles, bolts, pins and cotter pins to be secure and in good condition. 
   - Check guy tension for manufacturer's recommendations by acceptable methods.  

Guy tension may be tested using a dynamometer with a length adjustment device, 
the Pulse Method and the Tangent Intercept Method (all three methods are described 
in TIA/EIA-222-F). 

   - Record tensions and weather conditions on suitable forms. 
 
Minor variations in guy tensions are to be expected due to temperature and wind.  Should 
there be any significant tension changes, the cause should be determined immediately and 
proper remedial action taken.  Possible causes may be initial construction loosening, 
extreme wind or ice, anchor movements, base settlement or connection slippage. 
 
Variations at a single level are to be expected because of anchor elevation differences, 
construction deviations and wind effects. 
 
Guy wire tension should not be checked or adjusted during times of excessive winds. 
 
The following is an example of an inspection conducted during 2002, including pictures.  
The required maintenance has since been completed.  Also included is an example of a 
new inspection log, which has been implemented in 
2003.
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Figure 1. 
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Figure 2. 
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Figure 3. 
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Figure 4. 
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Figure 5. 
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Figure 6. 
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Figure 7. 
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Figure 8. 
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ANNUAL SITE SURVEYS 
 
Site surveys (sometimes referred to as tree inspections) are performed annually.  The 
inspections are performed to determine and document if any obstacles exist which may 
modify airflow in the vicinity of meteorological monitoring towers.   
 
Obstructions to airflow may be manmade or natural.  In most cases towers were sited in 
locations where manmade obstructions did not exist and natural vegetation was minimal or 
non-existent.  As nuclear plants have aged, so to has the natural vegetation.  In some 
locations, cutting or topping trees and other vegetation has become a necessity.  The 
question then becomes, what needs to be cut? 
 
Guidance concerning obstructions to airflow vary slightly in their interpretation of required 
tower clearance from obstructions.  Dating back to 1980 and the proposed revision to 
Regulatory Guide 1.23, Meteorological Programs in Support of Nuclear Power Plants, 
states "The height of natural or man-made obstructions to air movement should ideally be 
lower than the measuring level to a horizontal distance of 10 times the measuring level 
height."  This interpretation would indicate that for wind measurement at 10 meter (33 feet), 
obstructions should be below 10 meters to a distance of 100 meters or 328 feet.  This 
implies that an object 30 feet in height could be within proximity to the monitoring tower (see 
Figure 9). 
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Figure 9. 
 
 
ANS-3.11-2000, Determining Meteorological Information at Nuclear Facilities section 4.3.1 
indicates that "Wind measurements shall be made at locations and heights that avoid 
airflow modifications by obstructions such as large structures, large trees, or nearby terrain 
with heights exceeding one-half the height of the wind measurement.  The separation 
between an anemometer and the obstruction should be ten times the obstruction height.  
Measurements made with less separation may be adversely influenced by airflow changes 
caused by the obstructions.  The separation can be reduced to about five times the height 
for objects with cross-sectional dimensions less than about one meter, such as utility poles 
or small trees."  ANS 3.11 implies that obstructions within 50 meters of a tower measuring 
wind at 10 meters should not exceed a height of 5 meters.  Also, the distance from the 
tower to potential obstructions should be at least 10 times the height of the obstruction, 
provided the obstruction is at least 1 meter in diameter (a 20 meter obstruction should at a 
minimum be 200 meters distant from the monitoring tower).   
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ANS 3.11, section 4.3.1, references ASTM D-5741-96, Standard Practice for Characterizing 
Surface Wind Using a Wind Vane and Rotating Anemometer.  ASTM D-5741-96, section 
4.1.2 suggests that wind sensors at 10 meters should have an open fetch of at least 150 
meters (@500 feet) in all directions.  Also, obstacles in the vicinity should be at least ten 
times their own height distant from the wind sensors. 
 
Another document referenced by ANS 3.11 is the Federal Standard for Siting Meteorological 
Sensors at Airports, FCM-S4-1004.  This standard states that wind sensors should be 15 
feet above any object within 500 feet of the sensor and 10 feet higher than any obstruction 
between 500 and 1000 feet.  Also, vegetation within 100 feet of any meteorological 
monitoring sensor should not be higher than 10 inches. 
 
A simple method has been developed in recent years to determine obstructions to wind flow 
in the vicinity of meteorological monitoring equipment at nuclear facilities.  The method 
includes utilizing equipment to measure the angle subtended by the object in relation to the 
surface, distance measuring equipment, a compass and a camera mounted on a tripod. 
 
At many meteorological monitoring towers, it is easy to determine which objects are, or 
may be, obstructions to wind flow.  The height of an object is determined using the angle 
subtended by the object along with the distance from the tower indicated by the range 
finding equipment.  From the above information, the height of the object can be estimated 
with adequate accuracy. 
 
Figure 10 is a simplified diagram of how the system works.  The range to the object (a tree 
in this case) is measured with an optical range finder and the angle is measured with a 
homemade sighting device similar to a hypsometer.  To measure the angle, the observer 
sights the scale zero point on the base of the object and reads the scale where he/she 
sees the top of the object.  To simplify the observer's calculation, the scale is graduated in 
the tangent of the angle.  Thus, given the range finder's range, the height can be found with 
one multiplication.  



 15 

 
Figure 10.  
 
Obstructions and potential future obstructions are logged based on range, height and 
compass direction from tower.  After the logging of the obstructions is complete, 
photographs are taken (using a digital camera) of the entire site.  A minimum of eight 
pictures are taken to cover the full 360 degrees surrounding the site (N, NE, E, SE, S, SW, 
W, NW). 
 
Once the pictures are brought back to the office, they are labeled by site name and 
direction.  Pictures that have trees or other obstructions to wind flow are highlighted on the 
images.  The obstructions are marked indicating whether they are obstructions based upon 
Reg. Guide 1.23 or ANS 3.11 criteria.  The photos are included once a year as part of a 
routine monthly report, which is distributed to each facility.  Each facility responds to the 
report findings accordingly. 
 
Since the goal of this survey is to keep obstructions at or below a certain level, some 
approximations are acceptable.  Overall, it is believed that the readings are accurate within 
one or two feet and that more accuracy is not needed for this particular survey.  The error 
tends to be larger at closer ranges. 
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Figure 11. 
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This procedure allows one or two people to evaluate the site in a relatively short time.  
Figure 11 is a data sheet prepared during a survey and Figure 12 shows one of the 
photographs, which has been highlighted to show a problem area. 
 

 
Figure 12. 
 
This methodology was designed not only to catch existing problems but also to locate 
potential future problems such as trees that may become a problem in a few years. 
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OutlineOutlineOutline

FF WIPP facility and missionWIPP facility and mission

FF Description of meteorological monitoringDescription of meteorological monitoring
programprogram

FF Meteorological data validation processMeteorological data validation process

FF Effect of micrometeorological trends on data Effect of micrometeorological trends on data 
validation and usevalidation and use

FF ConclusionsConclusions



WIPP Facility and MissionWIPP Facility and Mission

FF WIPP WIPP –– Waste Isolation Pilot PlantWaste Isolation Pilot Plant

FF Underground disposal of TransuranicUnderground disposal of Transuranic
(TRU) waste and mixed TRU waste(TRU) waste and mixed TRU waste

FF Research and production of nuclear weaponsResearch and production of nuclear weapons
and other defense related activities and other defense related activities 

FF Safe, permanent and environmentally soundSafe, permanent and environmentally sound

FF 37,000 shipments over next 35 years37,000 shipments over next 35 years



WIPP LocationWIPP Location



WIPP FacilityWIPP Facility



WIPP FacilityWIPP Facility



WIPP Meteorological Monitoring 
Program
WIPP Meteorological Monitoring 
Program

FF 5050--meter towermeter tower

FF Instrumentation at 2, 10, and 50 meters Instrumentation at 2, 10, and 50 meters 

FF Wind speed, wind direction, temperature Wind speed, wind direction, temperature 

FF Ground level pressure, relative humidity,Ground level pressure, relative humidity,
precipitation, solar radiation precipitation, solar radiation 

FF Data loggerData logger



WIPP Meteorological Monitoring 
Program
WIPP Meteorological Monitoring 
Program



WIPP Meteorological Monitoring 
Program
WIPP Meteorological Monitoring 
Program



WIPP Meteorological Monitoring 
Program
WIPP Meteorological Monitoring 
Program



WIPP Meteorological Monitoring 
Program
WIPP Meteorological Monitoring 
Program



Data Validation ProcessData Validation Process

FF Parameter screening criteria Parameter screening criteria 

FF Manual scan of dataManual scan of data

FF Calibration and surveillance notesCalibration and surveillance notes

FF Review of surface mapsReview of surface maps

FF Professional judgementProfessional judgement



Parameter Screening CriteriaParameter Screening Criteria

ParameterParameter DescriptionDescription FlagFlag

Wind SpeedWind Speed Value < 0.3 m/sValue < 0.3 m/s Below threshold speedBelow threshold speed
Value > 22 m/sValue > 22 m/s Above climatologyAbove climatology
No change in 4 hrsNo change in 4 hrs Check BearingCheck Bearing
1010--m > 50m > 50--mm Unusual occurrenceUnusual occurrence
> 4 m/s change> 4 m/s change Abrupt changeAbrupt change

Wind DirectionWind Direction Value < 0Value < 0oo Out of rangeOut of range
Value > 360Value > 360oo Out of rangeOut of range
>  50>  50oo change, WS > 4 m/schange, WS > 4 m/s Unusual occurrenceUnusual occurrence
5050--10 meter > 2510 meter > 25oo difference, difference, Unusual occurrenceUnusual occurrence
WS > 4 m/sWS > 4 m/s



Parameter Screening CriteriaParameter Screening Criteria

ParameterParameter DescriptionDescription FlagFlag

TemperatureTemperature Value < Value < --25 25 ooCC Below climatologyBelow climatology
Value > 45 Value > 45 ooC C Above climatologyAbove climatology
> 6 > 6 ooC change in 2 hrsC change in 2 hrs Unusual occurrenceUnusual occurrence
> 11 > 11 ooC change in 3 hrsC change in 3 hrs Unusual occurrenceUnusual occurrence
< 0.5 < 0.5 ooC change in 12 hrsC change in 12 hrs Unusual occurrenceUnusual occurrence



Parameter Screening CriteriaParameter Screening Criteria

ParameterParameter DescriptionDescription FlagFlag

TemperatureTemperature Value > 1.5Value > 1.5ooC/100 mC/100 m Unusual occurrenceUnusual occurrence
DifferenceDifference Value < Value < --1.51.5ooC/100 mC/100 m @ night@ night Unusual occurrenceUnusual occurrence

Value > 6.25Value > 6.25ooC/100 m, C/100 m, Unusual Unusual ∆∆TT--wind wind 
22--m WS > 4 m/sm WS > 4 m/s
Value < Value < --0.0190.019ooC/100 m, C/100 m, Unusual Unusual ∆∆TT--wind wind 
22--m WS > 4 m/sm WS > 4 m/s
Value > Value > --0.4 and <0.4 0.4 and <0.4 ooC, C, Unusual Unusual ∆∆TT--wind wind 
1010--m WS < 1 m/sm WS < 1 m/s
> 2 > 2 ooC change in 15 minC change in 15 min Abrupt changeAbrupt change
Value > 15Value > 15ooC/100 mC/100 m Unusual inversionUnusual inversion
Value < 3.4Value < 3.4ooC/100 mC/100 m Autoconvective lapseAutoconvective lapse



Meteorological Data ApplicationsMeteorological Data Applications

FF Database development for dispersion modelingDatabase development for dispersion modeling

FF Annual site environmental report preparationAnnual site environmental report preparation

FF Support of eSupport of emergency response actionsmergency response actions

FF Support of ambient radon concentrationSupport of ambient radon concentration
predictionspredictions

FF Determination of safe conditions for crane/raisedDetermination of safe conditions for crane/raised
platform workplatform work



Micrometeorological TrendsMicrometeorological Trends

FF 1010--m wind speeds > 50m wind speeds > 50--m wind speedsm wind speeds

FF > 25 deg difference in 10> 25 deg difference in 10-- and 50and 50--m wind m wind 
directionsdirections

FF Occurrences of autoconvective lapse ratesOccurrences of autoconvective lapse rates

FF Occurrences of extreme inversionsOccurrences of extreme inversions

FF Inversions persisting into mid morningInversions persisting into mid morning



Micrometeorological TrendsMicrometeorological Trends

FF SemiSemi--arid desert climatearid desert climate

FF Large vertical variationsLarge vertical variations

FF Nocturnal boundary layerNocturnal boundary layer

FF Decoupling of surface layerDecoupling of surface layer

FF LowLow--level jet level jet 



10-m > 50-m Wind Speeds10-m > 50-m Wind Speeds

Figure 1. WIPP 15-min Wind Speeds (10-m > 50-m) for Year 2002 
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> 25o Difference in Wind Directions> 25o Difference in Wind Directions

Figure 2. WIPP 15-min Wind Directions (10-50 m > 25 deg) for Year 2002 
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Effects on Data ApplicationsEffects on Data Applications

F Data recovery

F Atmospheric dispersion calculations

F Emergency response 

F Ambient radon predictions

FF Data recoveryData recovery

FF Atmospheric dispersion calculationsAtmospheric dispersion calculations

FF Emergency response Emergency response 

FF Ambient radon predictionsAmbient radon predictions



ConclusionsConclusions

F Awareness of micrometeorological trends

F Unusual meteorological regime

F Avoid invalidating good data

F Data recovery

F Impacts on applications

FF Awareness of micrometeorological trendsAwareness of micrometeorological trends

FF Unusual meteorological regimeUnusual meteorological regime

FF Avoid invalidating good dataAvoid invalidating good data

FF Data recoveryData recovery

FF Impacts on applicationsImpacts on applications



NUMUG Business Meeting

Tax-Exemption granted by IRS on June 18, 2003.
EIN = 33-1028984 (employer ID number)

Annual informational tax return (Form 990) is NOT 
required now, but could be if NUMUG has future 
business income (Form 990-T).

Donations are NOT tax-deductible; treat them as 
“business expenses”.



NUMUG Business Meeting

Notify IRS of:
n New Chairperson’s SSN, name, home address, 

home phone.
n Amended organizational documents or bylaws.
n Operational & funding changes, purpose; IRS 

will consider effect on tax-exempt status.
n FAX to IRS:  (215) 516-3990
n Call IRS: 1-866-816-2065



NUMUG Business Meeting

$166.47$6073.53$6238.002000

$121.47$45.00 
(bank fees)

N/A2001

$157.18$7954.29$8111.472002

$7.18 
(TBD)

$150 
(TBD)

(TBD)2003

Year End 
Balance

ExpensesRevenueYear



NUMUG Business Meeting

Proposed Charter Revisions:
n Steering Committee Voting
n Responsibilities of Steering Committee
n Office of Treasurer
n Dissolution of NUMUG – Funds
n Ethics



NUMUG Business Meeting

n Steering Committee Voting
n The Chair of the Steering Committee shall 

be selected from, and represent a 
consensus vote of, the Steering Committee 
members after each group meeting.



NUMUG Business Meeting
n Responsibilities of Steering  Committee

n Support the Mission and Objectives of NUMUG
n Solicit industry-wind representation and participation
n Maintain and distribute Membership Roster
n Solicit suggestions and implement group activities
n Communicate with membership via NUMUG server, e-mail, 

regular mail
n Plan & publicize group meetings
n Maintain financial record of NUMUG to support tax-exempt 

status
n Update IRS records with current Chairperson’s name, 

address, phone.
n Update IRS records with revisions to NUMUG’s Charter.



NUMUG Business Meeting
n Office of Treasurer

n Responsible for
n NUMUG funds
n Bank accounts
n Financial record keeping

n Term of Office of Treasurer shall be three terms.  Vacancies 
shall be filled by appointment of the Steering Committee.

n Dissolution of NUMUG – Funds
n Upon dissolution of NUMUG, the remaining assets will be 

distributed to a charitable organization to be selected by 
the Steering Committee.



NUMUG Business Meeting

n Ethics
n “The Membership Roster and NUMUG 

server are not to be used for directly 
commercial purposes such as widespread 
distribution of marketing information via 
the Server or selling or re-distributing 
Membership Roster or dissemination of 
political or religious opinions.”









NUMUG Steering Committees

Meeting # 10 9 8 7 6 5 4 3 2 1
Date Elected 2005 2004 OCT 2003 MAY 2002 2001 OCT 2000 MAY 1999 1998 OCT 1997  APRIL 1996 1995 OCT 1994 APRIL 1993 1992 OCT 1991

Chairperson David Katz Marsha Kinley Paul Fransioli Bob Yewdall Ken Wastrack Tom Galletta Gene Shelar Nick Keener Doyle Pittman
2nd Term Stan Marsh Tom Bellinger Woody Whitlatch Mark Abrams Matt Parker Marvin Hayden Jim Holian Stan Marsh
2nd Term n/a Doyle Pittman n/a Dan Mihalik n/a Stan Krivo n/a Brad Harvey Nick Keener
1st Term David Katz Tom Bellinger Paul Fransioli Mark Abrams Matt Parker Tom Galletta Jim Holian Jim Krist
1st Term Stan Marsh Marsha Kinley Woody Whitlach Dan Mihalik Ken Wastrack Marvin Hayden Gene Shelar Stan Marsh
1st Term n/a n/a Doyle Pittman n/a Bob Yewdall n/a Stan Krivo n/a Brad Harvey

Location Chattanooga St. Charles Las Vegas Syracuse South Bend San Francisco Charlotte Boston Chattanooga 
State TN  IL NV NY IN CA NC MA TN

Date OCT 8-10 MAY 8-10 OCT 18-20 MAY 12-14 OCT 9-10 APRIL 24-26 OCT 20-21 APRIL 28-30 OCT 30 - NOV 1
YEAR 2005 2003 2002 2000 1999 1997 1996 1994 1993 1991

Attendance 40 40 46 39 62 47 48 44

Meeting Chair Marsha Kinley Paul Fransioli Bob Yewdall Ken Wastrack
Tom Galletta; 

Marvin Gene Shelar Nick Keener Stan Marsh Doyle Pittman

NUMUG-LOGBOOK.xls  Steering Committees 09/11/2003



Years PROJECT/Activity LEAD
1992 MET System Survey (Industry & Gov't Facilities) Stan Marsh
1993 Workshop on Meteorological Measurement (Boston meeting) Tom Lockhart

1996-2000 ANSI/ANS-3.11 (2000) Stan Marsh
1997 MET System Survey (Industry & Gov't Facilities) Ken Wastrack
1999 Workshop on Meteorological Measurement (Syracuse meeting) Tom Lockhart

1999

Implemented NUMUG Listserver at LLNL. To connect send an 
email to: "Majordomo@lists.llnl.gov" with the command "subscribe 
NUMUG" in the body of the email. The command "help" will return a 
list of valid commands for the listserver.                                To 
distribute a message, send email to: "numug@lists.llnl.gov". Frank Gouveia

2002- PAVAN vs GXQ model (for RG 1.145) Brad Harvey
Yi Lin
Marsha Kinley



Updated:  FEB 21, 2003

I. Current NUMUG EIN = 33-1028984, issued NOV 1, 2002 (Marsha Kinley)

OLD NUMUG EIN cancelled (2003) =                                                
# 88-0470816, issued August 30, 2000 
(Paul Fransioli)

II. NOTIFY IRS of Change in Chairperson at End of Term (e.g. annually)
IRS rules are that whenever the chairperson changes, he/she should FAX a 
note to the IRS with updated info:

FAX to IRS:  (215) 516-3990

Organization:  Nuclear Utilties Meteorological Data Users Group (NUMUG)
EIN:  33-1028984

Updated Information for SS-4 Form:

(7a) Principal Officer (new chairperson's name)
(7b) SSN (of new chairperson)
(4a) & (4b) Address  (home address of new chairperson)
(6) County  (of home address for new chairperson).

If have EIN questions, then call IRS toll-free number:  1-866-816-2065

III. Annual “Information” Return required to be Filed  with IRS
(keeping the Group Exemption Letter in Force)
Form 990 or Form 990-EZ “Return of Organization Exempt from 
Income Tax”, for either scientific organization or business league.

May not be required to file if the organization’s gross receipts 
are normally $25,000 or less (based on 3 or more preceding years).

If required to file, then submit information required annually, 
at least 90 days before the close of the organization’s annual accounting 
period. 

IV. Information for future reference.....used for EIN application on phone with IRS

Type of Organization:  Professional industry group; professional meteorologists

Date Organization Formed:  October 1991 (first meeting)

Organization's Purpose/Main Activity:  Information sharing

Reason for requesting EIN:  Banking purposes; open an account



Last Updated:  21 FEB 2003

Format based on IRS Form 1024 Application for Tax Exempt Status:
attach schedule/list

Part III Financial Data

A. Statement of Revenue and Expenses
Revenue 2004 2003 2002 2001 2000 Total

1 Gross dues… 0 0 0 0
2 Gross contributions, gifts, etc. 750 0 0 750
3 Gross amounts received from activities…. 7240 0 6238 13478
4 Gross amounts from unrelated business activities 0 0 0 0
5 Gain from sale of assets…. 0 0 0 0
6 Investment income 0 0 0 0
7 Other revenue 0 0 0 0
8 Total revenue 7990 0 6238 14228

Expenses
9 Expenses attributable to activities… 7870.29 0 6017.53 13887.82
10 Expenses attributable to unrelated business … 0 0 0 0
11 Contribution, gift, grants….paid 0 0 0 0
12 Disbursements to or for the benefit of members 0 0 0 0
13 Compensation of officers…. 0 0 0 0
14 Other salaries and wages 0 0 0 0
15 Interest 0 0 0 0
16 Occupancy 0 0 0 0
17 Depreciation and depletion 0 0 0 0
18 Other expenses  (bank fees & IRS Form 1024 fee) 150 84 45 54 333
19 Total expenses 0 150 7954.29 45 6071.53 14220.82

20 Excess of revenue over expenses 0 -150 35.71 -45 166.47 7.18

B.  Balance Sheet (at end of period shown) 2004 2003
Assets

1 Cash 7.18 as of FEB 21, 2003
2 Accounts receivable, net
3 Inventories 0 0
4 Bonds and notes receivable…. 0 0
5 Corporate stocks 0 0
6 Mortgage loans 0 0
7 Other investments 0 0
8 Depreciable and depletable assests 0 0
9 Land 0 0

10 Other assets 0 0
11 Total assets 0 7.18

Liabilities
12 Accounts payable 0 0
13 Contributions, gifts, grants, etc. payable 0 0
14 Mortgages and notes payable 0 0
15 Other liabilities
16 Total liabilities 0 0

Fund Balances or Net Assets
17 Total fund balances or net assets 0 7.18
18 Total liabilities and fund balances or net assets 0 7.18



DRAFT
2003 NUMUG FINANCIAL STATEMENT Last Updated: 04/14/2003

Contacts:  Doyle Pittman; Marsha Kinley

2003 Balance: $7.18

Expenses

Date Paid To Purpose Amount Subtotals Estimated Cost Est. Subtotal

1 02/19/2003 United States Treasury
application fee for IRS Form 1024 for tax exempt 
status determination $150.00 $150.00

2 WED Hospitality Room at hotel 175.00$             
3 WED Reception & Room at hotel (est. 45 people) 1,000.00$          

4
THU Buffet Breakfast beside meeting room at 
Convention Center (est. 30 people) 315.00$             

5 THU Break 250.00$             
6 THU Lunch at Convention Center (est. 30 people) 420.00$             

7
FRI Buffet Breakfast beside meeting room at 
Convention Center (est. 30 people) 315.00$             2,475.00$     

8 Gratuity for MEALS, service (21%) 519.75$             2,994.75$     
THU Aquarium (Rental) 1,050.00$          
THU Aquarium Dinner (est. 30 people) 750.00$             4,794.75$     

9 Gifts/Memorabilia & Misc. 305.00$             5,099.75$     
10

Total Expenses: $150.00 5,249.75$     

Revenue Total Registrations: OCT 8-10, 2003 in Chattanooga, TN

Date Receipts From Purpose Amount Subtotals Est. Receipts
1 01/01/2003 Cash on hand from 2002 Carry over towards ongoing expenses 157.18 157.18
2 Sponsor Donation (Murray & Trettel; Mark Carroll) 750.00$             
3 Basic Registration ($150 x 30 people) $4,500.00
4
5

Total Revenue: $157.18 5,407.18$          

Other Charges/Possible Receipts
Hotel Room ($65 /night)
WED Reception for Guest ($30)
THU Aquarium for Guest ($40)
Late Registration Fee ($200)

NUMUG-LOGBOOK.xls  2003 $ 09/11/2003



DRAFT
2002 NUMUG FINANCIAL STATEMENT Last Updated: 03/07/2003

Contacts:  Tom Bellinger; Paul Fransioli
2002 Balance: $157.18

Expenses

Date Paid To Purpose Amount Subtotals
1 (ref. Tom Bellinger) badges/name tags $13.94
2 (ref. Tom Bellinger) radios $45.85
3 (ref. Tom Bellinger) laser pointers $461.75
4 (ref. Tom Bellinger) mouse pads $230.40
5 (ref. Tom Bellinger) mouse pads $131.60 $883.54
6 04/13/2002 Anderson Boat Deposit; group meal/activity $100.00
7 05/10/2002 Anderson Boat balance of bill; group meal/activity $636.00 $736.00
8 05/02/2002 Pheasant Run (hotel) conference rooms, meals, breaks $2,393.90
9 05/19/2002 Pheasant Run (hotel) conference rooms, meals, breaks $3,856.85 $6,250.75

10 (ref. Paul Fransioli) BANK FEES $84.00

Total Expenses: $7,954.29

Revenue Total Registrations: 40 May 8-10, 2002 in St. Charles, IL

Date Receipts From Purpose Amount Subtotals
1 1/1/2002 est. Cash on hand from 2001 Carry over towards ongoing expenses 121.47 121.47
2 03/13/2002 members NUMUG Meeting Registration $700.00
3 03/19/2002 members NUMUG Meeting Registration $350.00
4 03/19/2002 Sponsorship contribution from vendor. $750.00
5 04/07/2002 members NUMUG Meeting Registration $935.00
6 04/21/2002 members NUMUG Meeting Registration $1,400.00
7 05/02/2002 members NUMUG Meeting Registration $2,105.00
8 05/06/2002 members NUMUG Meeting Registration $350.00
9 05/17/2002 members NUMUG Meeting Registration $1,400.00 $7,990.00

10

Total Revenue: $8,111.47



DRAFT
2001 NUMUG FINANCIAL STATEMENT Last Updated: 03/07/2003

Contacts:  Paul Fransioli; Mark Abrams
2001 Balance: $121.47

Expenses

Date Paid To Purpose Amount Subtotals
1 (ref. Paul Fransioli) BANK FEES $45.00

Total Expenses: $45.00

Revenue Total Registrations: NO MEETINGs

Date Receipts From Purpose Amount Subtotals
1 02/01/2001 Cash on hand from 2000 Carry over towards ongoing expenses 166.47 166.47

Total Revenue: $166.47



DRAFT
2000 NUMUG FINANCIAL STATEMENT Last Updated: 03/07/2003

Contacts:  Paul Fransioli; Mark Abrams
2000 Balance: $166.47

Expenses

Date Paid To Purpose Amount Subtotals
1 Palace Station (hotel)    Wednesday Dinner buffet $1,665.83
2 Palace Station (hotel)    Bar at dinner $472.00
3 Palace Station (hotel)    Thursday Continental breakfast, lunch, afternoon break$2,071.01
4 Palace Station (hotel)    ThursdayAudio/visual $200.00
5 Palace Station (hotel)    Friday Continental breakfast, morning break $1,161.69
6 Palace Station (hotel)    Friday Audio/visual $75.00 $5,645.53
7    Lunches for Yucca Mtn tour $60.00
8    Mugs and plaque $312.00 $372.00
9 (ref. Paul Fransioli)    Bank Account FEE $54.00 $54.00

10

Total Expenses: $6,071.53 6071.53

Revenue Total Registrations: 40 OCT 18-20, 2000 in Las Vegas, NV

Date Receipts From Purpose Amount Subtotals
1 1/1/2000 est. Cash on hand from 1999 Carry over towards ongoing expenses 0
2 Registrations (35??) $6,118.00
3 Guests at dinner $120.00
4
5
6
7
8
9

10

Total Revenue: $6,238.00



 
CHARTER  

 
Nuclear Utility Meteorological Data Users Group 

 
1. Name 

a. The name of the group is the Nuclear Utility Meteorological Data Users Group (NUMUG). 
 
2. Mission and Objectives 

a. To provide a forum to address problems and exchange ideas for those collecting and utilizing 
meteorological data at nuclear facilities. 

 
3. Membership 

a. Membership is open to any individual interested in pursuing the mission and objectives of the 
group. Individuals interested in membership should inform a member of the Steering Committee 
who will add their name to the membership roster. 

 
4. Steering Committee 

a. The management of the group is vested in the Steering Committee. The steering 
committee shall consist of five members, with at least three members representing US utilities. 
 

b. A term on the Steering Committee is defined as the period of time between group 
meetings. Steering Committee members should not serve more than two consecutive terms. 
 

c. New members of the steering committee are to be chosen from membership volunteers by the 
existing Steering Committee during group meetings. 

 
d. Responsibilities of the Steering Committee include: 
 

• Soliciting industry-wide representation and participation. 
• Maintaining and distributing a Membership Roster. 
• Soliciting suggestions for group activities. 
• Implementing group activities. 
• Keeping membership informed of group activities via newsletters and group meetings. 
• Planning and publicizing group meetings. 
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CHARTER 

 
Nuclear Utility Meteorological Data Users Group 

 
 
5. Finances 
 

a. No dues shall be collected by the group and the group shall accumulate minimal assets. It is 
expected that group members and their sponsoring organizations will voluntarily contribute the 
time and resources required to manage group activities between group meetings. 

 
b. Registration fees can be charged for attendance at group meetings to offset costs 

associated with implementing group meetings. 
 
c. Vendors or utilities may provide assets to help offset costs associated with implementing group 

meetings. Any sponsorship may be noted in the program for the group meeting.  Sponsorship 
does not imply any endorsement by NUMUG of sponsor’s products or services. 

 
6. Meetings 
 

a. Group meetings should be held every one to two years. The location and agenda of group 
meetings are to be determined by the steering committee. 

 
7. Amendments to the Charter 
 

a. Amendments to this charter can be proposed by any member in attendance at any group meeting. 
Amendments can be implemented by a consensus vote of the members in attendance. 
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ROUNDTABLE #1 
 
 
 

Biggest Challenge to Nuclear MET Programs/Systems 
 



 

 
 
 
 
 
 
 
 

SESSION   II 
 
 
 

METEOROLOGICAL APPLICATIONS 
 



 

2.1 
 

Ken Wastrack 
 

Evaluating Meteorological Monitoring Sites Using Sigma-Theta 
 
During the 2002 NUMUG meeting, one presentation discussed using Sigma-Theta 
measurements to determine if trees and tower structures were impacting wind data.  The 
Tennessee Valley Authority (TVA) used this approach to examine its meteorological monitoring 
sites. 
 
This presentation addresses the results of TVA's evaluation for each of its nuclear plants sites 
and validates the use of the Sigma-Theta methodology.  In general, the evaluation confirmed 
conditions already known.  However, it identified a previously unidentified anomalous condition 
at Browns Ferry Nuclear Plant—for a narrow range of wind directions, the Sigma-Theta values 
were not as expected.  This presentation examines the anomaly and identifies a probable cause. 
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EVALUATING EVALUATING 
METEOROLOGICAL METEOROLOGICAL 
MONITORING SITESMONITORING SITES

USING SIGMAUSING SIGMA--THETATHETA

Kenneth G. Wastrack
Doyle E. Pittman

TENNESSEE VALLEY AUTHORITY
BFN Sigmas 2

Background

A 2002 NUMUG presentation discussed using 
Sigma-Theta to determine if trees and tower 
structures were impacting wind data.
• The Impact of Nearby Structures and Trees on 

Sigma Theta Measurements, by Tom Bellinger
TVA used this approach to examine its 
meteorological monitoring sites.

BFN Sigmas 3

TVA sigma measurements.
• Sigma-Y (replaced in 1989).

• Average of 12 5-minute WD Standard Deviations

• Hourly Sigma-Theta.
• Sigma- Theta based on 720 WD readings.

• 15-minute Sigma-Theta.
• RMS of 4 15- minute Sigma- Thetas. 
• 15-minute Sigma- Thetas based on 180 WD readings each.

Annual average of 15-minute Sigma-Thetas.
• Did not include cases with WS < 5 mph.
• Sorted into 10 degree WD sectors.

Used 25 degrees as arbitrary cut-off in analysis.

Methodology

BFN Sigmas 4

Watts Bar Nuclear Plant
15-Minute Sigma-Theta for wind speeds 5 mph and greater

(6-year average, 1997-2002)

10-meter values are generally less than 25 degrees.
Values above 25 degrees are due to identifiable causes.
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BFN Sigmas 5

Sequoyah Nuclear Plant
15-Minute Sigma-Theta for wind speeds 5 mph and greater

(6-year average, 1997-2002)

More cases with 10-meter values above 25 degrees.
Values above 25 degrees still due to identifiable causes.
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BFN Sigmas 6

Browns Ferry Nuclear Plant
15-Minute Sigma-Theta for wind speeds 5 mph and greater

(6-year average, 1997-2002)

Some high cases, but most are below 25 degrees.
Most values above 25 degrees due to identifiable causes.
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Browns Ferry Nuclear Plant
15-Minute Sigma-Theta for wind speeds 5 mph and greater

(6-year average, 1997-2002)

Why is there a dip in 10-meter Sigma-Theta?
(Dip is not consistent with obstructions.)
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Browns Ferry Nuclear Plant
10-meter level - 15-Minute Sigma-Theta Recent History

(wind speeds 5 mph and greater)

Dip in Sigma-Theta is consistent over time.
Dip is not due to a recent change.
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Browns Ferry Environs

Tennessee River
(Wheeler Reservoir)

Browns Ferry
Nuclear Plant Meteorological

Monitoring
Site

~0.5 mile

BFN Sigmas 10

Meteorological Monitoring Site

Trees
Warehouses &

Training
Center

Tennessee River (Wheeler Reservoir)

Target
Range

Except for a few isolated trees, everything meets 1:10 criteria.

BFN Sigmas 11

Browns Ferry Meteorological Monitoring Site
(looking south from tower)

Target Range Berm

Direction of Sigma-Theta Dip

BFN Sigmas 12

Effects of Changes

Reason for dip in Sigma-Theta curve is not 
apparent.
Need to examine changes. 
• Has dip in curve always existed?
• If not, when did change occur?
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Browns Ferry Nuclear Plant
History of Site Changes Impacting Sigma-Theta Measurements

March 1973 – Start monitoring at permanent 
meteorological tower.
October 1977 – Clear trees to meet 1:10 height criteria.
July 1989 – Change sigma calculation methodology.
April 1991 – Complete new berms around target range 
adjacent to meteorological tower site.
February 2000 – Change orientation of wind sensor 
mounting arm (old into WNW, new into ENE).
February 2001 – Change to ultrasonic wind sensors 
(included slight changes in wind sensor elevations).

BFN Sigmas 14

1997-2002 Average 10-meter Sigma-Theta
(displayed on polar coordinates)

Portion that 
corresponds 

to dip in 
line chart 

curve.

BFN Sigmas 15

Effects of Cutting Trees to Meet 1:10 Criteria
(before trees cut, some high sigma values)

Before Trees Cut (1977- Sigma-Y)

Trees
before
cutting

BFN Sigmas 16

Effects of Cutting Trees to Meet 1:10 Criteria
(after trees cut, sigma values much improved)

After Trees Cut  (1978 - Sigma-Y)
Before Trees Cut (1977- Sigma-Y)

BFN Sigmas 17

Effects of Building Firing Range Berm
(before berm is built, some high sigmas in SW quadrant)

Before berm (1989-1990)

BFN Sigmas 18

Effects of Building Firing Range Berm
(after berm is built, sigmas increase in SW quadrant)

After berm (1992-1993)

Before berm (1989-1990)
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Change in Wind Sensor Orientation
(generally no change, dip is present both before and after)

After Re-Orientation (2000-2002) - into ENE
Before Re-Orientation (1997-1999) - into WNW

BFN Sigmas 20

Preliminary Results

[1977-78] Changes in Sigma-Y after trees are 
cut shows general improvement but does not 
indicate possible dip.
[1989-93] Dip is not apparent both before and 
after target range berm was built.
[1997-2002] Dip is present both before and 
after change in sensor orientation.

Therefore, Sigma-Theta curve changed between 
1993 and 1997.

BFN Sigmas 21

Change in Sigma-Theta Curve
(Dip not present in 1992-1993.  Dip present in 1997-1999)

1997-1999

1992-1993
BFN Sigmas 22

Further Analysis

Dip appears to be related to narrow band of trees 
adjacent to river.
At 1993 NUMUG meeting, TVA presentation 
indicated that a temperature anomaly was partly 
due to the horizontal extent of a terrain feature.
• Identification and Implications of a Local 

Temperature Anomaly,  by Ken Wastrack & Norris 
Nielsen

Therefore, TVA examined not only the presence of 
obstructions, but also their horizontal extent.

BFN Sigmas 23

Sigma-Theta and Distance from Tower
(Sigma-Theta scale on left, Distance scale on right)
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Sigma-Theta and Distance from Tower
(Add actual Sigma-Theta)

Actual
 Sigma-Theta
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Sigma-Theta and Distance from Tower
(Add reservoir, trees, and target range)
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Sigma-Theta and Distance from Tower
(Show narrow band of trees, Remove reservoir to simplify)

Band of trees less than 100 meters wide.
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Sigma-Theta and Distance from Tower
(Examine portion of curve with dip)

Dip is related to unobstructed narrow band of trees.
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Sigma-Theta and Distance from Tower
(What would curve look like without target range?)

Expected Sigma-Theta estimated based on tree band width.
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Conclusions

Dip in Sigma-Theta curve is due to an narrow band 
of trees unobstructed by the target range.
Dip represents relatively unobstructed wind flow.

Tree band is narrow behind target range, but 
Sigma-Theta values are greater from direction of 
target range.
Even though it meets obstruction criteria, berm still 
impacts measurements.

BFN Sigmas 30

Remember Ruckert's Law.

There is nothing so small that it 
can't be blown out of proportion.
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EVALUATING METEOROLOGICAL MONITORING SITES 
USING SIGMA-THETA 

 
by 

Kenneth G. Wastrack and Doyle E. Pittman 
Tennessee Valley Authority 

 
 

During the 2002 NUMUG meeting, one presentation discussed using Sigma-Theta measurements 
to determine if trees and tower structures were impacting wind data.  The Tennessee Valley 
Authority (TVA ) used this approach to examine its meteorological monitoring sites. 
 
This presentation addresses the results of TVA's evaluation for each of its nuclear plants sites  and 
validates the use of the Sigma -Theta methodology.  In general, the evaluation confirmed 
conditions already known.  However, it identified a previously unidentified anomalous condition 
at Browns Ferry Nuclear Plant—for a narrow range of wind directions, the Sigma-Theta values 
were not as expected.  This presentation examines the anomaly and identifies a probable cause. 

 
 
A 2002 NUMUG presentation discussed using Sigma-Theta measurements to determine if trees 
and tower structures were impacting wind data (The Impact of Nearby Structures and Trees on 
Sigma Theta Measurements, by Tom Bellinger).  The Tennessee Valley Authority (TVA) used 
this approach to perform an evaluation of the meteorological monitoring sites for its nuclear 
plants. 
 
Methodology for Sigma-Theta Evaluation 
 
TVA has collected meteorological data 
(including horizontal wind direction 
deviation) at its three nuclear plant sites 
(Browns Ferry, Sequoyah, and Watts Bar) 
since 1972-73.  Unfortunately, TVA's wind 
direction deviation (i.e., sigma) calculations 
changed in 1989 (Table 1), so sigma data 
prior to then were not directly usable in the 
evaluation.  Further, because of physical 
changes near the meteorological towers, 
measurements during earlier years are not 
comparable to measurements during later 
years.  Finally, a current "snapshot" was 
desired to help determine if any action was 
necessary concerning the current monitoring 
program.  Therefore, the TVA based the 
Sigma-Theta evaluation on the most recent 
six complete years of data (1997-2002). 

Table 1 
Horizontal Wind Direction Deviation Calculations 

 
Sigma -Y (replaced in 1989) 

 
a. Calculate Standard Deviation for 5-minute 

intervals. 
b. Calculate hourly Sigma-Y based on arithmetic 

average of 12 5-minute Values. 
 

Hourly Sigma -Theta 
 
a. Calculate hourly Sigma-Theta based on 720 WD 

readings. 
 
15-minute Sigma -Theta 

 
a. Each 15-miutes, calculate Sigma-Theta based on 

180 WD readings each.   
b. Calculate hourly Sigma-Theta based on root-

mean-square of the four 15-minute Sigma -Thetas. 
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Preliminary Evaluation 
 
In performing this evaluation, TVA used only the hourly values based on the 15-minute Sigma-
Thetas.  The 15-minute Sigma-Theta values best reflect the actual windflow impacts on the 
meteorological tower, because they minimize changes resulting from wind shifts.  After 
obtaining all valid hourly values, the evaluation data set was prepared as follows: 
 
o Eliminated values during wind speeds less than 5 miles per hour to avoid the wide swings in 

wind direction associated with calm and near-calm conditions. 
o Sorted remaining values into10-degree sectors based on the simultaneous wind direction. 
o Calculated annual average values for each 10-degree sector. 

 
The annual average Sigma-Theta values were plotted on a graph which identifies features and 
obstructions that were expected to impact the measurements.  An arbitrary 25-degree limit was 
used as a cut-off for analysis. 
 

Watts Bar Nuclear Plant Sequoyah Nuclear Plant 
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• 10-meter values are generally less than 25 degrees. 
• Values above 25 degrees are due to identifiable causes. 

• More cases with 10-meter values above 25 degrees. 
• Values above 25 degrees still due to identifiable causes. 

 
For both Watts Bar and Sequoyah, the Sigma-Theta curves are generally consistent with the 
location and type of obstructions.  However, for Browns Ferry, there a dip in the 10-meter 
Sigma-Theta curve for 150-210 degrees that is not consistent with obstructions. 
 

Browns Ferry  Nuclear Plant  
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Why is there a dip in 
10-meter Sigma-Theta? 

(Dip is not consistent with obstructions.) 
 

The remainder of this paper with involve 
answering this question. 

 

  
• Some high cases, but most are below 25 degrees. 
• Most values above 25 degrees due to identifiable causes. 
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Detailed Analysis 
 

BFN 10-meters STEP 1—Examine the data on a year-by-
year basis to determine if the Sigma-Theta 
dip is consistent over time or due to a 
recent change.  As can be seen, although 
there are some differences in other parts of 
the curve over the years, the dip is 
extremely consistent. 
 
Therefore, the dip is likely due to a 
persistent feature of the meteorological 
monitoring site and not a transient 
condition. 
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STEP 2—Examine the plant environs and monitoring site vicinity to attempt identification of 
relevant characteristics. 
 

Browns Ferry Environs Meteorological Monitoring Site 

  
Looking South from Tower Overlay of Sigma-Theta Curve 

 

 
 

Tennessee River 
(Wheeler Reservoir) 

 
Browns Ferry 
Nuclear Plant Meteorological 

Monitoring 
Site 

~0.5 mile 

Target Range Berm 

Direction of Sigma-Theta Dip 

Trees 
Warehouses & 

Training 
Center 

Tennessee River (Wheeler Reservoir) 

Target 
Range 

Portion that 
corresponds 

to dip in 
line chart 

curve. 
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STEP 3—Based on an examination of the 
visual information, the reason for dip in 
Sigma-Theta curve is not apparent.  Since a 
number of changes have occurred that might 
impact sigma measurements (Table 2), it is 
necessary to determine if the dip in curve 
has always existed, and if not, when the 
change occurred. 

Table 2 
Site Changes Impacting Sigma-Theta Measurements  

 
• March 1973 – Start monitoring at permanent 

meteorological tower. 
• October 1977 – Clear trees to meet 1:10 height 

criteria. 
• July 1989 – Change sigma calculation methodology. 
• April 1991 – Complete new berms around target 

range adjacent to meteorological tower site. 
• February 2000 – Change orientation of wind sensor 

mounting arm (old into WNW, new into ENE). 
• February 2001 – Change to ultrasonic wind sensors 

(included slight changes in wind sensor elevations). 
 

Clear trees to meet 1:10 height criteria. 

Before Trees Cut (1977- Sigma-Y)  
After Trees Cut  (1978 - Sigma-Y)
Before Trees Cut (1977- Sigma-Y)

 
 

Complete new berms around target range adjacent to meteorological tower site. 

Before berm (1989-1990)  
After berm (1992-1993)

Before berm (1989-1990)
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Change orientation of wind sensor mounting arm 

(old into WNW, new into ENE). 

After Re-Orientation (2000-2002) - into ENE
Before Re-Orientation (1997-1999) - into WNW

 
 
 
Preliminary Results 
 
[1977-1978] Changes in Sigma-Y after trees are cut shows general improvement but does not 

indicate dip. 
[1989-1993] Dip is not apparent both before and after target range berm was built.  
[1997-2002] Dip is present both before and after change in sensor orientation. 
 
Therefore, Sigma-Theta curve changed between 1993 and 1997. 
 

Dip not present in 1992-1993.  Dip present in 1997-1999 

1997-1999

1992-1993  
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Further Analysis 
 
While no reason is readily apparent, the dip appears to be related to narrow band of trees 
adjacent to river.  At 1993 NUMUG meeting, a TVA presentation indicated that a temperature 
anomaly was partly due to the horizontal extent of a terrain feature (Identification and 
Implications of a Local Temperature Anomaly, by Ken Wastrack & Norris Nielsen). 
 
Therefore, TVA examined not only the presence of obstructions, but also their horizontal extent. 
 
1.  Start with blank frame. 2.  Add actual Sigma-Theta 
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Sigma-Theta scale on left. 
Distance scale on right. 

 

 
3.  Add reservoir, trees, and target range. 4.  Show narrow band of trees (<100 m wide). 
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TREES Narrow
band of trees

(<100 m.)
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 Remove reservoir to simplify 

 
5.  Examine portion of curve with dip. 

TREES Narrow
band of trees

(<100 m.)

TARGET RANGE
(BERMS)

Actual
 Sigma-Theta

0 0
0 90 180 270 360

20 200

40

Si
gm

a-
T

he
ta

 (d
eg

re
es

)
D

istance from
M

et. Tow
er (m

eters)

Direction from Meteorological Tower (meters)

400

60 600
Unobstructed

narrow
band of

trees

 
 

Dip is related to unobstructed narrow band of trees. 
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What would curve look like without target range? 
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Expected Sigma-Theta is estimated based on tree band width. 
 
Conclusions  
 
The dip in Sigma-Theta curve is due to a narrow band of trees unobstructed by the target range. 
The dip represents relatively unobstructed wind flow. 
 
While the tree band is narrow behind target range, Sigma-Theta values are greater from direction 

of target range.  Consequently, even though it meets obstruction criteria, the berm still 
impacts measurements. 

 
 
 
 

Ruckert's Law 
There is nothing so small that it can't 

be blown out of proportion. 
 



 

2.2 
 

Al Klausmann 
 

A Real Time Meteorological Analysis & Dispersion Prediction 
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Improvements in computational power in recent years have resulted in operational numerical 
weather prediction (NWP) models being run at increasingly higher resolution.  Regional 
operational models used at the National Center for Environmental Prediction (NCEP) are now 
run routinely at meso-beta and meso-gamma scale resolutions, multiple times per day.  In 
addition, more advanced data assimilation techniques are now being employed at operational 
forecast centers resulting in improved high frequency mesoscale analyses. 
 
The diagnostic meteorological model (CALMET) uses three-dimensional gridded data from 
prognostic meteorological models to develop fine-scale winds and other meteorological fields 
consistent with the terrain and land use on the fine-scale diagnostic grid and optionally 
assimilates meteorological observations into the analysis.  Interfaces have been developed 
between CALMET and operational models such as the NCEP ETA model and the Forecast 
Systems Laboratory (FSL) Rapid Update Cycle (RUC2) model as well as the Penn State/NCAR 
Fifth Generation Mesoscale Meteorological Model (MM5) and the Regional Atmospheric 
Modeling System (RAMS). Three-dimensional gridded analyses and forecasts are readily 
available from NCEP and other web sites in real-time.  A demonstration is provided in this paper 
of the use of forecast and analyses field combined with available observational data around a 
hypothetical nuclear power plant to produce ultra-fine scale analysis and predictions of three-
dimensional meteorological fields.  The CALMET model has the advantage of being capable of 
running at higher resolutions than the dynamical models to improve the simulation of 
meteorological fields.  This is especially relevant at coastal boundaries and in complex terrain.  
The non-steady-state CALPUFF dispersion model uses the three-dimensional meteorological 
fields from the CALMET model to simulate plume transport and diffusion within spatially and 
temporally varying flows.  Plume transport and dispersion are critical elements for dose 
assessment and radiation monitoring team dissemination during an accidental release.  The 
ETA/CALMET/CALPUFF forecast/dispersion modeling system is currently operational at two 
industrial sites in North America providing routine real-time and forecast predictions of 
dispersion impacts to plant operators. 
 
This paper provides a demonstration of the use of the CALMET/CALPUFF modeling system 
coupled a forecast model (RUC2) for a well-defined lake breeze event in the summer of 2003.  
The use of the system to support emergency response operations at nuclear power plants is 
discussed.  The importance of characterizing spatial and temporal changes in the meteorological 
fields and treating the non-steady-state aspects plume dispersion are also discussed. 
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ABSTRACT 

Improvements in computational power in recent years have resulted in operational numerical 
weather prediction (NWP) models being run at increasingly higher resolution.  Regional 
operational models used at the National Centers for Environmental Prediction (NCEP) are now 
run routinely at meso-beta and meso-gamma scale resolutions, multiple times per day.  In 
addition, more advanced data assimilation techniques are now being employed at operational 
forecast centers resulting in improved high frequency mesoscale analyses.  

The diagnostic meteorological model (CALMET) uses three-dimensional gridded data from 
prognostic meteorological models to develop fine-scale winds and other meteorological fields 
consistent with the terrain and land use on the fine-scale diagnostic grid and optionally 
assimilates meteorological observations into the analysis.  Interfaces have been developed 
between CALMET and operational models such as the NCEP ETA model and the Forecast 
Systems Laboratory (FSL) Rapid Update Cycle (RUC2) model, as well as the Penn State/NCAR 
Fifth Generation Mesoscale Meteorological Model (MM5) and the Regional Atmospheric 
Modeling System (RAMS). Three-dimensional gridded analyses and forecasts are readily 
available from NCEP and other web sites in real-time.  A demonstration is provided in this paper 
of the use of ETA model forecast fields around a hypothetical nuclear power plant to produce fine 
scale predictions of three-dimensional meteorological fields.  The CALMET model has the 
advantage of being capable of running at higher resolutions than the dynamical models to 
improve the simulation of meteorological fields.  This is especially relevant at coastal boundaries 
and in complex terrain.  The non-steady-state CALPUFF dispersion model uses the three-
dimensional meteorological fields from the CALMET model to simulate plume transport and 
diffusion within spatially and temporally varying flows.  The CALPUFF modeling system is 
approved as a Guideline Model by the U.S. Environmental Protection Agency for long-range 
transport and on a case-by-case basis for near-field analyses involving complex or non-steady-
state flows.  Plume transport and diffusion are critical elements for dose assessment and radiation 
monitoring team dissemination during an accidental release.  The ETA/CALMET/CALPUFF 
forecast/dispersion modeling system is currently operational at two industrial sites in North 
America providing routine real-time and forecast predictions of dispersion impacts to plant 
operators. 

This paper provides a demonstration of the use of the CALMET/CALPUFF modeling system 
coupled with a forecast model (ETA) for a well-defined lake breeze event in the summer of 2003.  
The use of the system to support emergency response operations at nuclear power plants is 
discussed.  The importance of characterizing spatial and temporal changes in the meteorological 
fields and treating the non-steady-state aspects of plume dispersion are also discussed.  

INTRODUCTION 

Real-time analysis and prediction of plume transport and diffusion during an accidental release at 
a nuclear power plant has been a challenging problem for many years.  Many nuclear power 
plants are situated along coastlines or within river valleys; thus terrain forced mesoscale 
circulations are an important part of the climatology in the regions around these plants.  The 
ability to resolve the spatial and temporal evolution of diurnal terrain forced flows are critical to 
simulations of plume transport and diffusion, and ultimately to the analysis and prediction of 
plume concentrations and deposition within both the 10-mile plume exposure pathway emergency 
planning zone (EPZ) and the 50-mile ingestion pathway EPZ.  In many cases, meteorological 
observational networks around nuclear power plants are not of sufficient density to allow the  
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mesoscale meteorological systems to be properly resolved.  Additionally, straight line Gaussian 
dispersion models can not properly determine plume position and concentrations in such non-
steady state flow situations.  

In recent years, significant advances in prognostic meteorological models, and atmospheric 
dispersion models have been achieved.  This has been facilitated by dramatic increases in 
computational power, which has allowed model simulations to be performed with increasingly 
higher resolutions and with improved physics and parameterization schemes.  Regional 
operational models used at the National Centers for Environmental Prediction (NCEP) are now 
run routinely at meso-beta and meso-gamma scale resolutions, multiple times per day.  The 
NCEP ETA model  (Black, 1994) is now run four times per day at a horizontal spatial resolution 
of 12 kilometers (km) with 60 vertical levels while the operational RUC model (Benjamin et al, 
2002) is run hourly at a horizontal spatial resolution of 20 km with 50 vertical levels.  Recently, 
NCEP has implemented higher resolution ETA model runs at a horizontal spatial resolution of 8 
km, four times per day for limited area domains covering the United States.  In addition, more 
advanced data assimilation techniques are now being employed at operational forecast centers, 
such as the three-dimensional variational analysis technique (3DVAR).  This technique has 
replaced the Optimum Interpolation technique used for many years at NCEP and other forecast 
centers.  The primary advantage of the 3DVAR approach is that many different types of data can 
be assimilated more easily when compared to the Optimum Interpolation scheme.  In the 
previously used Optimum Interpolation approach, newer remote sensing data such as GOES 
radiance measurements or radial winds derived from Doppler radars were subject to the constraint 
that each type of data must be assimilated separately.  Thus it was not possible to incorporate a 
wide range of data types into an analysis.  The more recently implemented 3DVAR technique 
solves this problem.  The inclusion of more data, particularly the remote sensing data, into the 
model analysis has resulted in an overall improvement in high frequency mesoscale analysis.   

The combination of higher spatial resolution and improved analysis has allowed the NCEP 
operational model’s gridded data sets to be usable in variable trajectory atmospheric dispersion 
modeling systems such as the CALMET/CALPUFF modeling system (Scire et al 2000a,b).  The 
prognostic models have the advantage of being able to realistically predict the evolution of 
mesoscale meteorological fields not completely resolved by observations alone.  Diagnostic 
meteorological models like CALMET can further resolve the effects of smaller scale terrain  
features and sharp gradients in land surface characteristics that are not resolved by the prognostic 
models.  This blend of prognostic and diagnostic meteorological models have shown to be a 
practical approach for producing high resolution three dimensional meteorological fields for non-
steady state dispersion models such as CALPUFF.  Experiments with MM5 and the CALMET 
model (Robe and Scire 1998) have demonstrated that improvements in meteorological fields are 
evident when using MM5 simulations as a first guess in the CALMET model.  

Real-Time CALMET/CALPUFF Modeling System 

A flow diagram showing the design of the real-time CALMET/CALPUFF modeling system is 
provided in Figure 1. This system consists of two components, the analysis subsystem and the 
prediction subsystem.  Both the analysis and the prediction subsystems will execute 
simultaneously.  The objective is to use the prediction subsystem to forecast meteorological fields 
and plume concentrations and use the analysis subsystem to track the predictions.  The entire 
modeling system can be implemented on a standard personal computer and is fully automated so 
it can operate on a continuous basis unattended.  The core of the system is the CALMET 
diagnostic meteorological model and the CALPUFF dispersion model.  
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Figure 1.  Flow chart depicting design of real-time CALMET/CALPUFF analysis and prediction system 
 

The CALMET meteorological model is used to generate the analysis and forecasts of 
three-dimensional meteorological fields, which are then used as input for a CALPUFF simulations.  
The CALPUFF simulation will estimate both predicted and current analyzed plume location, 
downwind concentration and deposition.  The prediction subsystem typically uses real-time gridded 
forecasts and analysis from either the NCEP ETA or RUC models, available online through 
NCEP’s public FTP server.  However, it can easily use other mesoscale models such as MM5 (Grell 
et al, 1994), if required.  The analysis subsystem uses a blend of both three-dimensional analysis 
fields from the NCEP regional models and data from observation stations around the source.  The 
CALMET model interpolates the NCEP gridded data (either analysis or forecast fields) onto the 
CALMET higher resolution grid and uses these data as a “first guess”.  It will then adjust the 
meteorological fields accounting for terrain effects such as slope flows, channeling and blocking.  
In the case of the analysis subsystem, the CALMET model will interpolate available observational 
data onto the CALMET grid after any terrain adjustments are complete.   
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The CALMET model is typically configured using a much higher spatial resolution, typically 
around 1-2 km compared to the operational models (i.e.8 km or 12 km).  It uses high-resolution 
United States Geologic Survey (USGS) digital terrain data and land use data, including the 
Composite Theme Grid land use data at 200-meter resolution.  In addition to terrain adjustments, 
the CALMET model will compute mixing depth and turbulence parameters on a grid cell by grid 
cell basis using both an over-land and over-water boundary layer module.  The final product is a 
three-dimensional fine scale analysis or forecast of wind, mixing depth, turbulence parameters 
that can be used to drive the dispersion calculations in CALPUFF. 

The CALPUFF model is a non-steady-state Gaussian puff model that can account for multiple 
processes such as building downwash, terrain-plume interactions, dry and wet deposition, and 
over-water dispersion.  In addition, CALPUFF can model emissions from a wide range of source 
types (e.g. point, line, and volume sources).  Using three-dimensional meteorological fields from 
the CALMET model, the CALPUFF model can simulate plume transport and diffusion within 
regions with spatially and temporally varying meteorological fields. Dispersion coefficients can 
be determined using Pasquill-Gifford or Mcelroy-Pooler curves, or using similarity theory with 
heat and momentum fluxes provided by CALMET.  The model includes algorithms for handling 
overwater dispersion and coastal interaction effects (e.g. thermal internal boundary layers and 
plume fumigation).  The model uses the probability density function approach during convective 
conditions.  The CALMET/CALPUFF modeling system is highly modularized, such that new 
modules, such as a dose assessment module, can easily be implemented.  Thus, the state-of-the-
art dispersion modeling techniques and resulting plume transport and diffusion parameters of 
CALPUFF can be easily combined with a dose conversion module to generate necessary results 
for dose assessment. The CALPUFF modeling system has been approved by the U.S. 
Environmental Protection Agency as a Guideline Model (Federal Register, April 15, 2003) 
suitable for regulatory use for long range transport and on a case-by-case basis for short-range 
applications involving complex and non-steady-state flows such as in complex terrain, coastal 
situations, and where flow stagnation and flow reversals are important.    

The real-time ETA/CALMET/CALPUFF system has been running successfully for nearly two 
years at an industrial facility in Texas (Robe et al., 2002) and for 9 months at a second facility, 
located in Ontario, Canada (Morrison et al., 2003). These systems are operating in real-time and 
are fully automated, yielding customized output four times per for use by plant personnel.  As 
described in the references, comparisons of CALPUFF predictions with observations at both sites 
showed the ETA/CALMET/CALPUFF modeling system has performed very well. 

Lake Breeze Episode of July 29, 2003 

In order to illustrate the capabilities of the real-time CALMET/CALPUFF modeling system, a 
simulation was performed of a lake breeze event that occurred along the western coastline of 
Lake Michigan on July 29, 2003.  The synoptic conditions on this day are shown by the surface 
and 500 millibars (mb) analysis given in Figure 2.  The surface analysis for 1200 Coordinated 
Universal Time  (UTC) on July 29, 2003 prepared by the Hydrometeorological Prediction Center, 
shows a surface anticyclone oriented from west to east across the Midwest with the ridge axis 
situated just south of Lake Michigan.  The NCEP 500 mb analysis shows a northwest flow across 
the western Great Lakes on the east side of a large scale ridge over the western United States. 
These synoptic conditions support clear conditions with weak surface winds over the western 
Great Lakes, an environment suitable for lake breeze development.  

CALMET and CALPUFF model forecast simulations based on the ETA model forecast fields are 
conducted for a 12-hour period to illustrate how CALMET/CALPUFF modeling system predicts 
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pollutant dispersion within complex mesoscale flows such as a lake breeze.  The modeling 
domain chosen for these simulations is located along the western coastline of Lake Michigan in 
the vicinity of Sheboygan, Michigan.  The CALMET meteorological model is configured for a 
55 × 55 km modeling domain with a horizontal spatial resolution of 1 km.  Ten vertical layers are 
used to resolve the vertical wind structure from the surface up to a height of 3000 meters. The 
meteorological fields are driven by the NCEP ETA model forecast fields from the 1200 UTC, 
July 29, 2003 operational ETA run.  These fields are treated in the CALMET model as first guess 
winds and interpolated to a 1-kilometer resolution using CALMET’s diagnostic wind field 
algorithms.  

Figure 3 shows some wind field plots from the CALMET meteorological model simulations. The 
1-hour, 3-hour, and 6-hour predicted wind fields at 10-meters above ground are shown.   The 
green circle on the plots depicts the 10-mile plume exposure EPZ for a hypothetical nuclear 
power plant located at Universal Transverse Mercator (UTM) coordinate 440.000 km East, 
4850.000 km North.  The 1-hour predicted wind field (8 a.m. local standard time [LST]) shows a 
very weak northwest flow across the domain with wind speeds generally less than 1 meter per 
second (m/s) over the east portion of the domain to about 2 m/s over the western sections.  At this 
time the lake breeze had not begun.  By 10 a.m. LST (3-hour forecast) it is clear the lake breeze is 
starting to develop. The wind field shows very light winds, on the order of 1 m/s across the 
modeling domain with northwesterly winds over the western portion of the domain.  However, a 
southeasterly flow is beginning to develop within a few km of the coast and over the open waters 
of Lake Michigan.  This results in a sharp convergence zone just a few kilometers inland from the 
lake, with a band of nearly calm winds where the two opposing flows converge.  At 1 p.m. LST 
(6-hour forecast) the lake breeze has strengthened and pushed deeper inland. Winds are mostly 
southeasterly at this time within most of the CALMET domain.  The strongest winds (about  
3-4 m/s) are predicted to be within about 5 km of the coastline and offshore.  Much weaker winds 
are shown over the western part of the domain with wind speeds about 1 m/s.  Hour ly wind 
observations at the National Weather Service station at Sheboygan, support these predicted 
winds, with northwesterly winds of 2 m/s reported around 9 a.m. LST, variable winds reported 
from 11 a.m. to 12 p.m. LST, and winds shifting to southeast by 1 p.m. LST.  Further, the 
Sheboygan NWS station observed wind speeds increasing to near 5 m/s consistent with the 
predicted inland penetration of the onshore flow.  Later in the afternoon winds at Sheboygan 
became southerly and then southwesterly.  

Figure 4 presents the predicted wind field (4-hour forecast) valid at 11 a.m. LST at three separate 
vertical levels (10 meters, 120 meters, and 450 meters) in order to show how the winds change 
with height.  At 10 meters above ground, the winds over the western part of the CALMET 
domain, shows very light west-northwest flow, while near the coast and offshore winds are 
stronger and southeasterly, consistent with the developing lake breeze. Note that at 10-meters 
above ground the onshore flow has penetrated about 10 km inland.  At the 120-meter level, the 
onshore flow is just reaching the coast with the convergence zone situated further east than at 
10 meters.  Again, the overall winds are weak and are on the order of 1-2 m/s.  Along the 
convergence zone axis winds are nearly calm.  Finally, at 450 meters above ground the winds are 
shown to be from the northwest at about 2 m/s across the entire CALMET modeling domain.  
These wind patterns suggest a shallow and weak lake breeze at this time, with the onshore flow 
confined to a shallow layer, of a couple of hundred meters above the ground.  These features 
illustrate the wind field complexity that can arise during the development phase of lake breeze 
circulations.  These patterns are also shown in Figure 5, which provides a time-height section of 
predicted wind vectors from the CALMET model.  This plot clearly shows the development of 
the onshore lake breeze flow that increases in depth through the day. 
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In order to illustrate how the CALPUFF non-steady state model will handle plume transport 
within such a meteorological regime, a CALPUFF simulation was conducted using the predicted 
winds from the CALMET model.  The CALPUFF simulation assumed an accidental release from 
a hypothetical 100-meter stack, as might be found with a boiling water reactor (BWR). The 
simulation started at 7 a.m. LST and lasted for 12 hours (i.e. about the duration of the lake breeze 
event).  Figure 5 shows a plot of a puff trajectory from the CALPUFF model simulation.  This 
figure shows the puff is initially transported toward the southeast crossing the coast just before 
9 a.m. LST, and then proceeding to move over Lake Michigan.  From 10 a.m. LST to 11 a.m. 
LST the puff turns sharply toward the west and northwest; crossing the coastline around 15 km 
(about 9 miles) south-southeast of the hypothetical stack location, in response to the developing 
onshore flow.  The puff is then transported northward back toward the hypothetical stack, moving 
parallel to the coastline and only about 1 km inland.  Eventually, the puff turns toward the 
northeast and again crossing the coastline northeast of the hypothetical stack just prior to 
4 p.m. LST.  The puff then moves out over Lake Michigan and continues north-northeastward for 
the remainder of the simulation.  This trajectory is consistent with the developing onshore lake 
breeze flow, which gradually turns clockwise during the day due to the Coriolis effect.  Here, 
only one puff was tracked for simplicity, but CALPUFF will use numerous puffs to simulate the 
plume. Steady-state dispersion models cannot capture complex trajectories involving flow 
reversals such as this.   

Figure 7 shows contour plots of predicted 1-hour average ground level concentration of 
radionuclides at four different times based on an instantaneous release at 7 a.m. LST, July 29, 
2003 from a hypothetical 100 meter tall stack.  Contour plots showing hourly average 
concentrations from 8:00 a.m. – 9:00 a.m. LST, 10:00 a.m. - 11:00 a.m. LST, 2:00 p.m. – 3:00 
p.m. LST, and 4:00 p.m.- 5:00 p.m. LST are shown.  At 8:00-9:00 a.m. LST, the ground level 
concentrations are relatively high and the plume has been transported toward the southeast, 
extending out a distance of about 15 km from the stack.  At 10:00-11:00 a.m. LST, the plume is 
being transported back towards the coast by the developing onshore lake breeze flow. At this 
time, the concentrations are significantly less than at the previous period due to puff diffusion. 
The ground level concentrations at 2:00 –3:00 p.m. LST clearly show the plume transport now is 
northward as the southeast flow turns more southerly.  By 4:00 – 5:00 p.m. the plume is now 
located north of the hypothetical stack with further reductions in ground level concentration 
evident.  Note that this northerly transport would not have been simulated if only observations at 
8 a.m. LST were used.  The CALMET predicted winds being driven by the NCEP ETA model 
winds allow these shifting trajectories to be anticipated several hours in advance.   

 

CONCLUSIONS 

A real-time meteorological analysis and dispersion prediction system based on the ETA NWP 
model, the CALMET diagnostic model and the CALPUFF dispersion model has been developed 
for operational use on a desktop PC.  The CALMET diagnostic meteorological model is coupled 
to the NCEP ETA prognostic model to produce high-resolution forecasts of three-dimensional 
meteorological fields.  These meteorological fields are then used to drive the non-steady state 
CALPUFF dispersion model.  The entire modeling system is designed to be implemented on a 
personal computer with a high-speed Internet connection to obtain NCEP forecast fields.  The 
system is fully automated so it typically operates unattended.  Output from this system can be 
fully customized to meet specific emergency preparedness needs.  The real-time/forecast 
ETA/CALMET/CALPUFF system for one industrial facility has been running successfully for 
nearly two years, and at a second site for 9 months. 
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Figure 2.  Hydrometeorological Prediction Center surface analysis for 1200 UTC, July 29, 2003 (top) and 

the NCEP 500 mb Analysis for the operational ETA model valid at 1200 UTC, July 29, 2003 
(bottom)  
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Figure 3.  Plot of 1-hour, 3-hour, and 6-hour predicted wind fields from the ETA/CALMET models for 
July 29, 2003 (Sheet 1 of 3) 
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Figure 3.  Plot of 1-hour, 3-hour, and 6-hour predicted wind fields from the ETA/CALMET models for 
July 29, 2003 (Sheet 2 of 3) 
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Figure 3.  Plot of 1-hour, 3-hour, and 6-hour predicted wind fields from the ETA/CALMET models for 

July 29, 2003 (Sheet 3 of 3) 
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Figure 4. Four-hour forecast of the wind field from the ETA/CALMET models at 10 meters, 120 meters, 

and 450 meters above ground, valid at 11 a.m. LST on July 29, 2003 (Sheet 1 of 3) 
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Figure 4. Four-hour forecast of the wind field from the ETA/CALMET models at 10 meters, 120 meters, 

and 450 meters above ground, valid at 11 a.m. LST on July 29, 2003 (Sheet 2 of 3) 
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Figure 4. Four-hour forecast of the wind field from the ETA/CALMET models at 10 meters, 120 meters, 

and 450 meters above ground, valid at 11 a.m. LST on July 29, 2003 (Sheet 3 of 3) 
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Figure 5: Time-height section of CALMET predicted wind vectors at the location of a hypothetical 

100-meter tall stack.  The stack location is at the UTM coordinate, 440.000 km East and 
4850.000 km North 
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Figure 6: Plot of a single puff trajectory during a 12-hour CALPUFF simulation starting at 8 a.m. LST 

on July 29, 2003.  Release is from a hypothetical 100-meter stack located at 440.000 km East 
and 4850.000 km North.  Black arrows show the direction of puff transport. 
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Figure 7: Contour plot of predicted hourly average ground level concentrations at each receptor at 8 a.m. 

–9:00 a.m. LST, 10:00 a.m. – 11:00 a.m. LST, 2:00 p.m. – 3:00 p.m. LST, and 4:00 p.m. – 5:00 
p.m. LST on July 29, 2003.  The hypothetical 100-meter tall stack location is shown by the red 
cross.  The simulation assumed a 50 Ci/s release of radionuclides at 7 a.m. LST (Sheet 1 of 2) 

0.1

0.2

1

2

3

4

5

6

8

10

15

415 420 425 430 435 440 445 450 455 460

UTM (Zone 16) East - WGS84 (km)

4825

4830

4835

4840

4845

4850

4855

4860

4865

4870

4875

UT
M

 (Z
on

e 
16

) N
or

th
 - 

W
G

S8
4 

(k
m

)

Predicted Hourly Average Concentration from 8:00 - 9:00 a.m. LST

10 mile Plume
Exposure EPZ

µ(  Ci/m 3)

Radionuclide
Concentration

0.1

0.2

1

2

3

4

5

6

8

10

15

415 420 425 430 435 440 445 450 455 460

UTM (Zone 16) East - WGS84 (km)

4825

4830

4835

4840

4845

4850

4855

4860

4865

4870

4875

U
TM

 (Z
on

e 1
6)

 N
or

th
 - 

W
G

S
84

 (k
m

)

Predicted Hourly Average Concentration at 10:00 - 11:00 a.m. LST

10 mile Plume
Exposure EPZ

µ(  Ci/m 3)

Radionuclide
Concentration



 Page 18  i:\amk\numug\aklausmann_numug_paper_final.doc 

 
 

 
 

 
 
Figure 7: Contour plot of predicted hourly average ground level concentrations at each receptor at 

8 a.m.-9:00 a.m. LST, 10:00 a.m. – 11:00 a.m. LST, 2:00 p.m. – 3:00 p.m. LST, and 4:00 
p.m. – 5:00 p.m. LST on July 29, 2003.  The hypothetical 100-meter tall stack location is 
shown by the red cross.  The simulation assumed a 50 Ci/s release of radionuclides at 
7 a.m. LST (Sheet 2 of 2) 
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2.3 
 

Norris Nielsen 
 

Design Wet Bulb Temperature for Ultimate Heat Sink Spray Pond 
for Advanced Light Water Reactors 

 
In the early 1990s, the Electric Power Research Institute (EPRI) produced a design manual for 
siting new modular advanced light water reactors.  Among the design parameters is a zero-
exceedance wet bulb temperature.  Based on EPRI contractor review of all meteorological data 
years for nuclear plant applications to the NRC, a value of 81ºF was specified in the draft 
manual.  However, all data years that were used preceded 1980, which experienced a massive 
heat wave over much of the United States, because there were no new applications after the late 
1970s when the Three Mile Island accident occurred.  A review of 1948-1990 data for several 
stations in the TVA region revealed that 1980 stood out far above other years in that period and 
indicated that a design value of 84ºF would be appropriate.  Review of summer 1980 wet bulb 
temperature values for a number of other stations in the southeast third of the United States 
supported this conclusion.  Review of Local Climatological Data Summaries for TVA region 
stations since 1990 confirmed that no worse set of wet bulb temperature conditions (worst 30-
day period) has been observed in the TVA region since 1980. 
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DESIGN WET BULB TEMPERATURE  
FOR  

ULTIMATE HEAT SINK SPRAY POND  
FOR  

ADVANCED LIGHT WATER 
REACTORS 
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FOR SPRAY POND ULTIMATE HEAT 
SINK DESIGN FOR MODULAR NEXT  
GENERATION NUCLEAR PLANTS:  
 
 
ZERO PERCENT (0%) EXCEEDANCE  
WET BULB TEMPERATURE MUST  
BE MET TO ALLOW INSTALLATION  
AT A GIVEN SITE 
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DEFINITION OF 0% EXCEEDANCE  
WET BULB TEMPERATURE VALUE:   
 
 
HIGHEST VALUE THAT CAN OCCUR  
FOR CONSECUTIVE HOURS (2 OR  
MORE) –  
ANY HIGHER VALUE CAN  
ONLY OCCUR 1 HOUR AT A TIME,  
i.e., NO CONSECUTIVE HOURS  
OCCURRENCES  
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EPRI MANUAL FOR NEXT  
GENERATION MODULAR NUCLEAR  
PLANTS DRAFTED IN EARLY 1990s 
 
 
CONTRACTOR FOR EPRI  
REVIEWED METEOROLOGICAL  
DATA COMPILED FOR U.S.  
NUCLEAR PLANT APPLICATIONS  
DATED 1979 OR EARLIER  
 
 
EPRI MANUAL 0% EXCEEDANCE 
WET BULB TEMPERATURE VALUE  
= 81ºF, FOR ANY SITE IN U.S.  
 
 
 
 



5 
 
 
 
MASSIVE HEAT WAVE OCCURRED 
OVER MUCH OF U.S. EAST OF 
ROCKIES IN SUMMER 1980 
 
 
BEGAN IN SOUTH-CENTRAL STATES 
IN LATE SPRING AND EXPANDED 
NORTH AND EAST, & INTENSIFIED,  
DURING SUMMER MONTHS  
 
 
PEAK OF HEAT WAVE IN JULY 1980 
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RESULT OF NIELSEN (TVA) REVIEW 
OF OBSERVATION RECORDS FOR 
SELECTED FIRST ORDER STATIONS 
IN TVA REGION & OTHER PARTS OF 
SOUTHEAST THIRD OF U.S. –  
 
 
0% EXCEEDANCE WET BULB 
VALUES >81ºF AT A NUMBER OF 
STATIONS – POSSIBLY AS MANY AS 
20 OF 33 STATIONS SHOWN ON 
NEXT SLIDE 
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0% Exceedance Wet Bulb Temperature 
(Summer 1980) 
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Chattanooga, Tennessee, NWS Station 
Number of Hourly Wet Bulb Values  
>81ºF, by Year for 1948-1988 Period  
 
Year 82ºF 83ºF 84ºF 85ºF  
1964     4     1  
1980   16   10     8 *     2 *  
1987     2  
 
 
*  3 consecutive hours =84ºF on 7/11/80 
(including one 85ºF), 2 consecutive hours 
=84ºF on 7/13/80 (including one 85ºF), 
and 2 consecutive hours = 84ºF on 7/15/80  
 
 
 
 
 
 
 
 



9 
Memphis, Tennessee, NWS Station 
Number of Hourly Wet Bulb Values 
>81ºF, by Year for 1948-1988 Period  
 
Year  82ºF  83ºF  84ºF  85ºF  
1952      4  
1953      2  
1954      9      3  
1955      1  
1957        1  
1958      3  
1962      7      1  
1963    17      4  
1964      9  
1973    21      5 
1974      4      1  
1975      1  
1977      9      1  
1978    34    18      3  
1980    43    18      7 *     1 *  
1981      6  
1982    37    10  
1983    41      5  
1984      5      2  
1985      3  
1986    10      3 
1987      2         1  
1988      4  
 
*  3 consecutive hours = 84ºF on 6/28/80, and 3 consecutive 
hours =84ºF on 7/2/80 (including one = 85ºF)  
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RESULTS OF COMMUNICATION OF 
THESE FINDINGS TO EPRI AND TO 
VENDORS & RECOMMENDATION 
OF 84ºF VALUE INSTEAD OF 81ºF:   
 

- EPRI DECLINED TO CHANGE 
THE VALUE IN THEIR MANUAL 
BASED ON THEIR OPINION THAT 
80% OF POTENTIAL SITES 
WOULD BE ENVELOPED BY 81ºF   

 
- GE CHANGED THEIR DESIGN TO 

ENVELOPE THE WET BULB 
VALUES IN THE MULTIPLE-STN 
TABLE PREPARED BY NIELSEN  

 
- OTHER VENDOR MODIFIED 

THEIR ULTIMATE HEAT SINK TO 
REMOVE DEPENDENCE ON 
EXTREME WET BULB VALUES   

 



11 
 
 
 
REVIEWS OF POST-1988 DATA FOR 
STATIONS IN THE TVA REGION 
HAVE CONFIRMED 1980 AS THE 
WORST SUMMER FOR WET BULB 
TEMPERATURES TO DATE SINCE 
1947  
 
SOURCES FOR THESE DATA 
REVIEWS WERE LOCAL 
CLIMATOLOGICAL DATA 
SUMMARIES WHICH INCLUDE 
SYNOPTIC-TIME DATA, WHICH IS IN 
3-HOUR INTERVALS  
 
 
 
 
 
 



12 
 
CONCLUSION – CAREFUL REVIEW 
OF WET BULB TEMPERATURE 
CLIMATOLOGY IS WARRANTED 
FOR ANY SITE CONSIDERED FOR A 
FUTURE NUCLEAR PLANT USING A 
SPRAY POND ULTIMATE HEAT SINK 
DESIGN   
 
CAREFUL REVIEW OF DESIGN 
METEOROLOGICAL VALUES FOR A 
GIVEN VENDOR’S MODULAR 
ADVANCED LIGHT WATER 
REACTOR PLANT IS NEEDED TO 
DETERMINE WHETHER WET BULB 
TEMPERATURE MAY BE A SITING 
PROBLEM  
 
SUMMER 1980 SHOULD BE A 
CANDIDATE WORST CASE,  BUT 
ANOTHER SUMMER MAY BE 
WORSE FOR A GIVEN SITE  



 

2.4 
 

Bob Yewdall 
 

Atmospheric Stability – Methods & Measurements 
 

Estimation of atmospheric stability is essential to the determination of relative dispersion in 
order to calculate radiological effluent concentration and thus dose to a receptor.  Regulatory 
requirements are fairly prescriptive in nature.  The US NRC has published a plethora of 
‘guidance’ documents for licensees to follow.  The complexity of fluid mechanics has been 
distilled to a general modeling approach.  Based on accepted methodologies, atmospheric 
stability is indexed in discrete steps according to temperature difference with respect to elevation 
and/or horizontal differences in wind direction with respect to time (i.e., sigma theta).  The 
purpose of this paper is to compare and contrast the two index schemes using meteorological 
data collected at the Artificial Island site. 
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IntroductionIntroduction

ÜOverview Of Atmospheric Stability Classification 
As It Relates To Commercial Nuclear Power 
Stations

Ü Not Intended To Endorse Any Specific Model  
Or Atmospheric Dispersion Methodology  
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Atmospheric Stability Atmospheric Stability 

ÜHistory

ÜNRC Requirement

ÜUses Of Stability Index
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Prescriptive Requirement For 
NRC Licensees
Prescriptive Requirement For 
NRC Licensees
Ü Regulatory Guide 1.111, Methods for Estimating Atmospheric Transport and 

Dispersion…. 

Ü Regulatory Guide 1.145, Atmospheric Dispersion Models for Potential 
Accident Consequence Assessment at Nuclear Power Plants.

Ü Standard Review Plan (NUREG 0800) 

Ü Standard Format and Content Guide (Reg Guide 1.70)

Ü Draft Regulatory Guide DG-1111, Atmospheric Relative Concentration For 
Control Room Radiological Habitability Assessment At Nuclear Power 
Plants
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The Paradox – Tower Siting 
Requirements versus Representation of 
Dispersion of Effluents at the Point of Release

The Paradox – Tower Siting 
Requirements versus Representation of 
Dispersion of Effluents at the Point of Release

Ü1.  The need to gather climatological/ 
meteorological data for site characterization and 
short term (accident) and long term dispersion 
estimates.

Ü2. The need to determine what is happening to 
the effluent (source term) released from the 
station.
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History - GeneralHistory - General
Ü Data gathering for station licensing & siting (primarily 

10 CFR Part 100).

Ü Early emergency planning

Ü Post TMI

Ü NRC Program and Instrument Requirements Still 1972 
vintage  (SG 23)
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History at PSEGHistory at PSEG

ÜDispersion analysis originally developed from 
Brookhaven model

ÜPersuaded to estimate dispersion based on 
NRC ‘requirements’



NUMUG - Oct 2003 8

Brookhaven ModelBrookhaven Model
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Early FSAR Analysis All HoursEarly FSAR Analysis All Hours
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Early FSAR Analysis Stable OnlyEarly FSAR Analysis Stable Only
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Basis Basis 
Numerical functions, σy(x) and σz(x). employed to describe the 
lateral and vertical dispersion, were created empirically using 
Gaussian statistics based on field observations and tracer studies.  
As described in numerous documents and as identified in an article 
by C.W. Miller1 “..while these Pasquill-Gifford (PG) curves have 
been applied to a large variety of different situations, they were 
actually intended for use under rather limited circumstances: wind 
speed greater than 2 m/sec, nonbuoyant plumes, flow over open 
country and downwind distances of only a few km…”.  In addition 
“… values generally applied with the model were originally derived
from data gathered on over relatively flat, smooth terrain…”

1 An Examination of Gaussian Plume Dispersion Parameters For Rough Terrain, Atmospheric Environment, (1978) Vol. 
12, pp 1359
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Post TMI RequirementsPost TMI Requirements
Ü RG 1.97 Instrumentation for Light-Water-Cooled Nuclear Power 

Plants To Assess Plant and Environs Conditions During and 
Following an Accident

Ü NUREG 0654 Criteria for Preparation and Evaluation of 
Radiological  Emergency Response Plans and Preparedness in 
Support of Nuclear Power Plants, Rev  Nov 1980

Ü NUREG 0737, Requirements For Emergency Response Capability, 
Supp 1, 12/92

Ü NUREG 0696 Functional Criteria for Emergency Response 
Facilities, 1981 

Ü License conditions or commitments 
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Calculation StructureCalculation Structure
Ü Atmospheric Stability Is Index Into  7 Category 

Grouping 

Ü Determination Of Stability Is Either By Delta 
Temperature Or Sigma Theta

Ü Stability Index Currently Defined In A Number Of NRC 
Regulatory Guides and NUREG

Ü Stability Class Generally Referred To As “ Pasquill –
Gifford” or P-G  Class
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Calculation Structure - ContCalculation Structure - Cont

Ü Index Form Discrete Values (can create large steps in 
dose projections) 

Ü NRC Regs Require Delta Temperature Index To Be 
Used For Determination Of Long Term & Accident 
Dispersion Calculations

Ü For Emergency Preparedness Purposes - Could Use 
Sigma Theta As Substitute For Delta Temperature Or 
For Sigma Y
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What is going on at the release pointWhat is going on at the release point
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Possible Differences Between Met Tower 
and Release Point
Possible Differences Between Met Tower 
and Release Point

ÜLand – Sea Interfaces

ÜValley Flows

ÜElevation Difference – Cliffs and Bluffs
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Site AreaSite Area
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RegionRegion
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Sigma ThetaSigma Theta
Ü Per ANSI/ANS- 2.5-1984, the standard deviation of 

horizontal wind direction fluctuations shall be 
determined by statistical analysis of samples from no 
less than 180 instantaneous values of lateral wind 
direction during the sample period (i.e. if the sampling 
period is 15 minutes, values sampled at every five-
second interval or less are acceptable); likewise, if the 
sampling period is one hour, 20 second sampling 
intervals or less are acceptable.  Maximum sampling 
time is one hour.
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Sigma ThetaSigma Theta
Ü CLASSIFICATION OF ATMOSPHERIC STABILITY PER ANS 2.5-1984
Ü

Ü CATEGORY PASQUILL CLASS SIGMA THETA (ST)
Ü

Ü EXTREME UNSTABLE A ST>=22.5
Ü MODERATE UNSTABLE B  22.5>ST>=17.5
Ü SLIGHTLY UNSTABLE C   17.5>ST>=12.5
Ü NEUTRAL D 12.5>ST>=7.5
Ü SLIGHTLY STABLE E 7.5>ST>= 3.8
Ü MODERATE STABLE F 3.8>ST>=2.1
Ü EXTREMELY STABLE G 2.1>ST  
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VERTICAL TEMP  DIFF   (DT)VERTICAL TEMP  DIFF   (DT)

Ü P-G Class (DEGREE C/100M)
Ü A DT<=-1.9
Ü B -1.9<DT<=-1.7
Ü C -1.7<DT<=-1.5
Ü D -1.5<DT<=-0.5
Ü E -0.5<DT<=1.5
Ü F 1.5<DT<=4.0
Ü G 4.0<DT

Regulatory Guide 1.23 Table 2 defines the seven stability classifications that are 
based on ranges from sigma theta.  Sigma Theta is a measure of standard 
deviation.  



NUMUG - Oct 2003 24

Example – 15 Minute AverageExample – 15 Minute Average
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Example – 15 MinuteExample – 15 Minute

TIME  6:51:26                                                                                                                                                                                              4/29/2003
           MET-A  MASTER
 
 

METEOROLOGICAL DATA 
15 MINUTE AVERAGES 

 
                            33 FT         150 FT         300 FT         BACKUP 33 FT 
 
Wind Direction from          327.10           252.82          253.03           322.86   DEG 
Wind Direction toward       147.10         72.82         73.03         142.86   DEG 
Wind Speed                   1.40            4.89           9.81            1.88       MPH 
Sigma Theta                 40.32          11.81           6.65          48.87     DEG 
NRC Stability Class             A              C             E              A 
 
 
                                    150 - 33 FT     300 - 33 FT 
Delta Temperature 1.71  1.90       DEG C 
NRC Stability Class    G       F 
 
 
Ambient Temperature 12.72   DEG C                                   55.13       DEG F 
Dew Point Temperature 13.42   DEG C 
15 Minute Precip. 0.00     IN 
Net Solar Radiation 0.06     LY/M 
Barometric Pressure 29.87   INHG 
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Stability Comparison TableStability Comparison Table
P-G Stability Index

Artificial Island Meteorological Monitoring System
Sept 5 - 8, 2003

Sigma Theta Sigma Theta Sigma Theta Temp Difference Temp Different
Date Time 33 FT - Dir 150 FT - Dir 300 FT - Dir DELTA-T 150-33' DELTA-T 300-33'
9/5/03 6:00 4 5 6 5 5
9/5/03 7:00 4 5 5 5 5
9/5/03 8:00 1 3 5 5 5
9/5/03 9:00 3 4 5 5 5
9/5/03 10:00 2 4 4 4 4
9/5/03 11:00 2 3 4 4 4
9/5/03 12:00 2 3 4 2 4
9/5/03 13:00 2 2 4 1 3
9/5/03 14:00 3 3 4 1 3
9/5/03 15:00 3 4 4 2 4
9/5/03 16:00 3 4 4 2 3
9/5/03 17:00 4 4 5 4 4
9/5/03 18:00 4 4 5 5 5
9/5/03 19:00 4 5 5 5 5
9/5/03 20:00 5 6 6 6 5
9/5/03 21:00 5 6 6 6 5
9/5/03 22:00 4 5 5 6 5
9/5/03 23:00 1 3 3 6 5
9/6/03 0:00 1 3 3 6 5
9/6/03 1:00 1 5 2 6 5
9/6/03 2:00 1 5 2 6 5
9/6/03 3:00 1 5 6 6 5
9/6/03 4:00 1 5 7 6 5
9/6/03 5:00 1 5 7 6 5
9/6/03 6:00 1 4 7 6 5
9/6/03 7:00 1 5 7 6 5
9/6/03 8:00 1 4 6 5 5
9/6/03 9:00 2 4 5 4 4
9/6/03 10:00 1 4 4 1 3
9/6/03 11:00 1 2 2 2 4
9/6/03 12:00 1 1 1 3 4
9/6/03 13:00 1 2 2 2 4
9/6/03 14:00 1 1 3 1 2
9/6/03 15:00 1 1 2 3 4
9/6/03 16:00 1 1 2 3 4
9/6/03 17:00 1 1 1 4 4
9/6/03 18:00 1 3 2 5 4
9/6/03 19:00 4 3 2 6 5
9/6/03 20:00 2 5 4 6 5
9/6/03 21:00 4 4 4 5 5
9/6/03 22:00 5 5 5 5 5
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Stability Comparison - PlotStability Comparison - Plot

Stability Comparison Sept 5 2003
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Where Do We Go From Here ?Where Do We Go From Here ?
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Guidance – Current StatusGuidance – Current Status

NRC’S CURRENT POSITION ON METEOROLOGY 
(05/02)

– SAFETY GUIDE 23 (AKA, R.G. 1.23) IS STILL IN EFFECT.

– PROPOSED REV. 1, AND 2nd PROPOSED REV. 1 TO R.G. 
1.23 WERE NEVER ADOPTED.

– AT PRESENT, THERE IS NO EFFORT, ONGOING OR 
PLANNED WITHIN NRC, FOR AN UPDATE OR REVISION.

– NRC IS WAITING FOR AN INDUSTRY TRADE GROUP (e.g. 
NUMUG) TO TAKE THE INITIATIVE TO GET ANSI/ANS-
3.11 RECOGNIZED.
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IssuesIssues
Ü NRC Support/ Recognition of Met Standard ANSI/ANS 3.11 
Ü Prescriptive nature of dispersion modeling ( i.e., delta Ts)
Ü Location of meteorological monitoring relative to release 

location 
Ü No change in temporal, spatial  changes in condition for 50 

miles
Ü Met validation and quality programs requirement 

inconsistent with effluent release validation requirements
Ü Station support following removal from Tech Specs



 

2.5 
 

Dale Paynter  
 

Calculation and Re-Calculation of 60-Minute Sigma Theta and 
Stability 

 
While ANSI/ANS 3.11-2000 does not specify a method for computing σθ , it suggests one-pass 
methods in Appendix E, including the Yamartino method.  For the suggested methods, it also 
recommends deriving the hourly value of σθ  by computing the Root Sum Squared of the 10 or 
15-minute averages in order to minimize inflation of the 60-minute σθ  due to the effects of plume 
meander. 
 
This inflation effect was observed while developing a utility to compute missing 60-minute σθ’s 
from partial data or to re-compute this value after portions of the underlying data had been 
edited.  Re-computed σθ’s generally are lower than the original values, frequently reducing the 
associated stability class to a more stable value.   
 
This presentation reviews σθ  computation, then details the observed differences between 60-
minute σθ’s computed from the original sensor data using the one-pass Yamartino method and 
values computed by RSSing the 15-minute values.  One year of actual observations and re-
computations are analyzed with respect to differing wind conditions.  Lastly, the differences in 
reported stability class for the two methods are presented. 

 



Calculation and ReCalculation and Re--
calculation of 60calculation of 60--minute minute 
Sigma Theta and StabilitySigma Theta and Stability

Dale Paynter
Operations Management Group

9 October 2003
NUMUG Conference
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Calculating Standard Calculating Standard 
DeviationDeviation

z Sigma Theta
ywind direction is not continuous

y one pass to compute mean, second pass to compute sigma theta

y requires large memory in datalogger

                     N 

σX
2  = 

1
N  Σ ( Xi - µ )2 

                 i=1

where X is a set of samples 
and µ is the mean of the X values

                    N                     N

σX
2  = 

1
N Σ Xi2 - (1

N Σ Xi ) 2 
                i=1              i=1

accumulate the sum of X, the sum of the squares, 
and the number of samples

z Single Pass Computation

z Definition
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Historical SummaryHistorical Summary

Several one pass estimators were developed and compared

Yamartino
y developed a method based on assumptions of isotropic, symmetric wind 

distributions

y developed interpolation factor based on Monte-Carlo simulations with 
same assumption

y showed better performance against Ackerman-Verrall and Williams 
methods

Turner
yCompared the 3 methods against limited real data and more simulated 

data - Yamartino preferred



9 Oct  2003 OMG 4

Historical Summary IIHistorical Summary II

zFisher
y challenged isotropic or 

simple wind models

y argued for more 
extensive computations

y suggested algorithms 
were within capability of 
existing minicomputers, 
but not dataloggers
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Yamartino MethodYamartino Method

            N               N

S = 
1
N  Σ  sin θi             C = 

1
N  Σ  cos θi ε = 1-(S2 + C2) 

           i=1                                                            i=1

σθ
 
  = arcsine(ε) [ 1 + ( 2

3
 - 1)  ε3 ]

ANSI/ANS-3.11-2000 contains the following advice on the Yamartino method:

"Note that calculations of sigma theta values for a one-hour sampling period ... could be inflated by the 
contributions from long-period oscillations associated with light wind speed conditions (e.g., plume meander). 
To minimize the effects of plume meander … four 15-minute σθ values should be combined to represent an 
hourly sampling period as follows:

Definition

Restrictions

σθ  (hr) =  
(σθ1)+(σθ2)+(σθ3)+(σθ4)

4  

Compute the average sine of wind direction, the average cosine, and epsilon

Compute sigma theta as the arcsine of epsilon, and apply a correction factor
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Pasquil Stability ClassPasquil Stability Class
Stability Class Description Definition

1 A Extremely Unstable             22.5 ≤ σθ

2 B Moderately Unstable 17.5 ≤ σθ < 22.5
3 C Slightly Unstable 12.5 ≤ σθ < 17.5
4 D Neutral  7.5 ≤ σθ < 12.5
5 E Slightly Stable 3.8 ≤ σθ < 7.5
6 F Moderately Stable 2.1 ≤ σθ < 3.8
7 G Extremely Stable                        σθ <  2.1

z Characterizes atmospheric stability
z More sensitive to sigma theta changes at low sigma theta (most 

stable)
z Frequency Distribution report categorizes wind speed and direction 

by stability class
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Comparison of Stability Comparison of Stability 
ClassClass

Tower &
Height

15 Minute σθ
Stability Class

60 Minute σθ
Stability Class

Difference

Main 200' 4.48 3.99 .49
Main 100' 3.83 3.42 .41
Backup 90' 3.77 3.35 .42
Main 30' 2.82 2.52 .30

z Average 15-minute and 60-minute stability class 
values for one year

z 60-minute consistently indicates more unstable
z For 200’ sensor, indicates more unstable by one half 

stability class
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Comparison of Sigma Comparison of Sigma 
ThetaTheta

Tower &
Height

15 Minute
Sigma Thetas

RSS of Four 15
Minute Sigma

Thetas

60 Minute
Sigma Theta

Difference
 (60-min vs. RSS)

Main 200' 8.45 8.82 11.34 2.54
Main 100' 11.44 11.85 14.36 2.51
Backup 90' 12.74 13.21 15.71 2.50
Main 30' 17.01 17.43 19.78 2.35

z Average 15-minute and 60-minute sigma theta values 
for one year, along with average RSS computation

z 60-minute consistently higher sigma theta
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Stability Class DifferenceStability Class Difference

z For each hour, difference in stability class between 60-
minute sigma theta and RSS of 15-minute sigma thetas

z Difference is positive where 60-minute value indicates 
more unstable than RSS value

Stability Class Difference (Counts)Tower &
Height

Total
Number -3 -2 -1 0 1 2 3 4

Main 200' 8765 1 5 5804 2442 426 86 1
Main 100' 8765 7 6367 2021 319 51
Backup 90' 8748 2 2 6405 1940 341 57 1
Main 30' 8765 1 2 7 7046 1594 112 3

Stability Class Difference (Percent)Tower &
Height

Total
Percent -3 -2 -1 0 1 2 3 4

Main 200' 100 .01 .06 66.22 27.86 4.86 .98 .01
Main 100' 100 .08 72.64 23.06 3.64 .58
Backup 90' 100 .02 .02 73.22 22.18 3.90 .65 .01
Main 30' 100 .01 .02 .08 80.39 18.19 1.28 .03
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Stability Class Change by Stability Class Change by 
Wind Direction ChangeWind Direction Change

Wind Swing (Estimated)              Stability Class Difference
Sectors    Count     -2     -1      0      1      2      3      4      

1     7256      0      4   5436   1756     60      0    0      
2      955      0      0    167    577    203      8    0      
3      254      1      1     45     43    105     58    1      
4      103      0      0     25     31     31     16    0      
5       69      0      0     26     21     18      4    0      
6       44      0      0     28      8      8      0    0      
7       26      0      0     23      3      0      0    0      
8       23      0      0     21      1      1      0    0      
9       23      0      0     21      2      0      0    0      
10        6      0      0      6      0      0      0    0      
11        6      0      0      6      0      0      0    0          
12 & up   0      0      0      0      0      0      0    0    

Totals      8765      1      5   5804   2442    426     86    1      

0.01%  0.06% 66.22% 27.86%  4.86%  0.98%  0.01%



9 Oct  2003 OMG 12

Stability Class Change by Stability Class Change by 
Wind Direction ChangeWind Direction Change

1 Class Change 2 Class Changes 3 Class Changes
70 %

60 %

50 %

40 %

30 %

20 %

10 %

0 %
1 2 3 4 5 6 7 8 9

Estimated Number of Sectors (22.5o) Observed During the Hour

1 Class Change 2 Class Changes 3 Class Changes
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Stability Class Change by Stability Class Change by 
Wind SpeedWind Speed

Wind Speed (MPH)                    Stability Class Difference
Category   Count     -2     -1      0      1      2      3      4       

< 1.0       22      0      0     19      2      1      0    0      
1.0 - 2      131      0      0    103     23      4      1      0    
2.1 - 4      366      0      1    163    124     56     22      0    
4.1 - 6      603      0      0    265    254     73     11      0    
6.1 - 8      786      0      0    415    284     75     12      0    
8.1 -10      808      0      1    464    280     51     12      0    
10.1-13     1352      1      0    856    424     61      9      1    
13.1-18     2369      0      1   1748    542     65     13      0    
18.1-22     1026      0      0    787    224     13      2      0    
22.1-30      878      0      1    655    199     21      2      0    
30.1-40      370      0      0    289     76      4      1      0    
>  40       54      0      1     40     10      2      1    0      

Totals      8765      1      5   5804   2442    426     86    1      

0.01%  0.06% 66.22% 27.86%  4.86%  0.98%  0.01%
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Stability Class Change by Stability Class Change by 
Wind SpeedWind Speed

1 2 3 4 5 6 7 8 9 10 11 12

< 1.0      1.0 - 2     2.1 - 4 4.1 - 6     6.1 - 8      8.1 -10  10.1-13  13.1-18 18.1-22    22.1-30   30.1-40    >  40

Wind Speed in Miles per Hour

1 Class Change 2 Class Changes 3 Class Changes
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20 %

15 %
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5 %
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ReRe--Averaging and Editing Averaging and Editing 
Sigma ThetaSigma Theta

z preserve 15-minute sigma thetas if no one minute data has been 
invalidated during the period 

computations for the one hour example shown at the beginning of the paper

Sample Time Original
Sigma Theta

Computed from
1-minute

Sigma Theta

Computed from
1-minute

Wind Direction
:15 15-minute 12.2 5.2 11.01
:30 15-minute 6.4 5.3 3.71
:45 15-minute 9.1 5.4 7.23
:00 15-minute 10.9 9.3 5.72
60-minute 19.0 6.6 17.90

z compute 60-minute sigma thetas as the RSS of the 15-minute values

z investigate re-computing 15 and 60 minute sigma thetas from 1-minute 
wind direction values using the Yamartino method
y sampling rate is too low for accurate results
y may be applicable in some cases
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Original Calculation of Original Calculation of 
Sigma ThetaSigma Theta

z Suggestion in ANSI/ANS-3.11-2000 is validated

z Can be implemented most easily in the database or data 
management software

z Can also be implemented in Dataloggers

ymodified to perform the RSS calculation

yimplement multi-pass algorithms

yImplement some of the techniques considered by Fisher
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Calculation and Re-Calculation of 60-Minute Sigma Theta and Stability 
 

Dale Paynter 
Operations Management Group 

 

Abstract 
While ANSI/ANS 3.11-2000 does not specify a method for computing σθ , it suggests one-pass methods in 
Appendix E, including the Yamartino method.  For the suggested methods, it also recommends deriving 
the hourly value of σθ  by computing the Root Sum Squared (RSS) of the 10 or 15-minute averages in order 
to minimize inflation of the 60-minute σθ  due to the effects of plume meander. 
 
This inflation effect was observed while developing a utility to compute missing 60-minute σθ ’s from partial 
data or to re-compute this value after portions of the underlying data had been edited.  Re-computed σθ ’s 
generally are lower than the original values, frequently reducing the associated stability class to a more 
stable value. 
 
This presentation reviews σθ computation, then details the observed differences between 60-minute σθ ’s 
computed from the original sensor data using the one-pass Yamartino method and values computed by 
RSS-ing the 15-minute values.  One year of actual observations and re-computations are analyzed with 
respect to differing wind conditions.  Lastly, the differences in reported stability class for the two methods 
are presented. 

Introduction 
The standard deviation of any continuous variable (X) is defined as: 
 
                      N     

σX
2  = 

1
N

  Σ ( Xi - µ )2  where X is a set of samples and µ is the mean of the X values.        

                i=1      
 
A little mathematics produces the equivalent expression: 
 
                    N                     N   

σX
2  = 

1
N

 Σ Xi2 - (1
N
 Σ Xi ) 2   

                i=1              i=1 
 
Thus the standard deviation may be computed in a "single pass" through a number of samples, 
accumulating the sum of the samples, the sum of the squares, and the count of the number of samples. 
 
But wind direction is not continuous; there is a discontinuity between 360 

o and 0 
o.  The analogous method 

of computing the standard deviation of the wind direction (sigma theta) would require two passes through 
the data; one to compute the average wind direction and a second pass to determine the standard 
deviation.  This would require keeping one hours worth of wind direction measurements (perhaps at one 
second intervals or less) in a datalogger. 
 
Two decades ago, several methods were evaluated to determine the best one pass method for computing 
sigma theta (that would more closely approximate the two pass results).  These methods were based on 
accumulating the average sine and cosine of the wind direction (some methods used additional quantities) 
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Historical work 

Below are brief descriptions of some of the influential papers of the period. 

Yamartino 
Yamartino developed an estimator based on the assumption that the distribution of wind direction was 
isotropic, and selected an interpolation function based on its performance against Monte-Carlo simulations 
also based on this assumption.  Yamartino benchmarked this method against the Ackerman-Verrall and 
Williams methods (which used more complicated estimators) and showed that the Yamartino method 
performed better for high values of sigma theta compared to the others. 
 
The Yamartino method computes the average sine of wind direction and the average cosine of wind 
direction.  From these two quantities it computes epsilon (the sine of sigma theta).  Sigma theta is then 
computed as the arcsine of epsilon, multiplied by an interpolation factor to correct for large values of sigma 
theta. 
 
            N                  N 

S = 
1
N

  Σ  sin θi               C = 
1
N

  Σ  cos θi   ε = 1-(S2 + C2)  

           i=1                                                            i=1 
 
 

σθ
 
  = arcsine(ε) [ 1 + ( 2

3
 - 1)  ε3 ] 

 

Turner 
Turner compared the three methods (Ackerman-Verrall, Williams and Yamartino) against actual data, eight 
hours of .1 second sample with relatively low sigma theta values (<22 o). The three methods were 
comparable.  The three methods were tested against additional simulated data and again the Yamartino 
method was preferred. 

Fisher 
Fisher challenged some of the assumptions used to justify the Yamartino, Ackerman and Verrall and 
Williams methods, arguing that they were based on the assumption of isotropic or simply modeled wind 
sources with symmetric distributions about the mean, not likely to be found in nature.  He argued for more 
extensive computations within the capabilities of existing minicomputers of the time, but not within the 
capability of a datalogger. 



3 

 

An example of a real long term distribution of wind direction  

Yamartino Method Restriction 
The Yamartino method thus came to be a standard embedded in dataloggers.  Experience with real data 
showed that it can produce inflated sigma theta values.  
 
ANSI/ANS-3.11-2000 contains the following advice: 
 
"Note that calculations of sigma theta values for a one-hour sampling period through the use of either of 
the algorithms presented above [Yukihiro and Yamartino] could be inflated by the contributions from long-
period oscillations associated with light wind speed conditions (e.g., plume meander). To minimize the 
effects of plume meander … four 15-minute σθ  values should be combined to represent an hourly sampling 
period as follows: 
 

σθ  (hr) =  
(σθ1)+( σθ2)+( σθ3)+( σθ4)

4
                                                                           " 
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Example of Problem with 60 Minute Results 
How is the 60-minute sigma theta computed from the wind samples different from the sigma theta 
computed from the 15-minute sigma thetas?  This became an issue while developing a procedure to re-
compute the sigma theta when some of the underlying data was edited or to compute a 60-minute sigma 
theta when it is missing. 
 

 
 
The recomputed sigma thetas were always lower than the original sigma thetas.  This triggered an analysis 
of sigma theta calculation. 

Pasquil Stability Class 
The analysis below describes changes in both sigma theta and stability class, which is computed from 
sigma theta.  Changes in stability class are important since the frequency distribution report categorizes 
wind speed and wind direction by stability class. 

 
Stability Class Description Definition 

1 A Extremely Unstable             22.5 ≤ σθ  
2 B Moderately Unstable 17.5 ≤ σθ  < 22.5 
3 C Slightly Unstable 12.5 ≤ σθ  < 17.5 
4 D Neutral  7.5 ≤ σθ < 12.5 
5 E Slightly Stable 3.8 ≤ σθ  < 7.5 
6 F Moderately Stable 2.1 ≤ σθ  < 3.8 
7 G Extremely Stable                        σθ  <  2.1 
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Analysis 
One year of data was available for four wind sensors located on two towers.  To get a quick look at the 
problem, the average stability class generated from the sigma theta measurements was computed for the 
15-minute sigma thetas and the 60-minute sigma thetas.  Intuitively, these numbers should be similar, but 
the 60-minute data consistently showed higher sigma theta values leading to lower stability classes (more 
unstable).  For the 200 foot sensor, the 60-minute sigma theta indicated more unstable by one half stability 
class. 
 
 

Tower & 
Height 

15 Minute σθ 

Stability Class 
60 Minute σθ 

Stability Class 
Difference 

Main 200' 4.48 3.99 .49 
Main 100' 3.83 3.42 .41 
Backup 90' 3.77 3.35 .42 
Main 30' 2.82 2.52 .30 

 
 
Then, for each hour of valid data, a 60-minute sigma theta was computed by finding the Root Sum 
Squared (RSS) average of the four 15-minute sigma theta values.  The following table lists the arithmetic 
average of all 15-minute sigma thetas, the arithmetic average of the computed RSS sigma thetas 
representing the hour, and the arithmetic average of the 60-minute sigma thetas computed in the 
datalogger. 
 

Tower & 
Height 

15 Minute 
Sigma Thetas 

RSS of Four 15 
Minute Sigma 

Thetas 

60 Minute 
Sigma Theta  

Difference 
 (60-min vs. RSS) 

Main 200' 8.45 8.82 11.34 2.54 
Main 100' 11.44 11.85 14.36 2.51 
Backup 90' 12.74 13.21 15.71 2.50 
Main 30' 17.01 17.43 19.78 2.35 

 
The RSS average stability class was compared with the original 60-minute stability class.  The following 
tables show the occurrences where using the 60-minute stability class produces a different stability class 
over the RSS computation of stability class.  For example, for the main tower 200 foot elevation, using the 
60-minute sigma theta and stability, 2442 observations (27.86%) were shifted one stability class to more 
unstable.  426 (4.86%) observations were 2 stability classes more unstable. 
 

Stability Class Difference (Counts) Tower & 
Height 

Total  
Number -3 -2 -1 0 1 2 3 4 

Main 200' 8765   1 5 5804   2442    426 86 1 
Main 100' 8765        7 6367   2021    319 51  
Backup 90' 8748   2      2 6405   1940    341     57      1 
Main 30' 8765  1      2      7 7046   1594    112      3       

   
Stability Class Difference (percent) Tower & 

Height 
Total  

Percent -3 -2 -1 0 1 2 3 4 
Main 200' 100  .01 .06 66.22 27.86 4.86 .98 .01 
Main 100' 100   .08 72.64 23.06 3.64 .58  
Backup 90' 100  .02 .02 73.22 22.18 3.90 .65 .01 
Main 30' 100 .01 .02 .08 80.39 18.19 1.28 .03  
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While the effect is reduced as elevation is reduced, approximately 30% of all observations are reported as 
one or more stability classes too unstable (when not RSS-ing the 15-minute values)The following table list 
the very few cases during the year when the sigma theta value computed by RSS-ing the 15-minute sigma 
thetas larger than the 60-minute value.  In each case, the two values are very close near one of the class 
divisions, or one of the 15-minute values is higher than the rest, skewing the average up. 
 
 
 

Main 200 foot 
                      ST       ST       ST       ST       ST       ST       ST    Stab   Stab  Diff   Speed   Diff
Date       Time     15 min   30 min   45 min   00 min     RSS     Diff     Hour   Hour   RSS   Stab   Wind    Wind
12/24/2000 21:00      7.5     12.2      4.8      6.2      8.2     -2.5      5.7     E     D    -1     42.7    51.4
08/09/2000 07:00     10.5      9.8      7.6      5.2      8.5     -1.2      7.3     E     D    -1     27.5    14.7
08/27/2000 07:00     52.9     19.1     16.1     22.4     31.3     -8.9     22.4     B     A    -1      3.6    17.4
06/01/2000 10:00      6.1      3.8      3.7      2.3      4.2     -1.9      2.3     F     E    -1      9.5    10.1
08/30/2000 01:00      9.6      6.6      6.6      7.2      7.6     -0.2      7.4     E     D    -1     17.3     0.8
06/05/2000 14:00     31.5     12.7     11.3      8.6     18.4     -7.9     10.5     D     B    -2     12.9    51.9

 
Main 100 foot 
                      ST       ST       ST       ST       ST       ST       ST    Stab   Stab  Diff   Speed   Diff
Date       Time     15 min   30 min   45 min   00 min     RSS     Diff     Hour   Hour   RSS   Stab   Wind    Wind
04/01/2000 15:00     46.1     18.3     15.5     11.9     26.7     -6.2     20.5     B     A    -1      3.9    14.8
12/24/2000 21:00      8.1     12.6      4.2      5.9      8.3     -3.1      5.2     E     D    -1     40.2    53.0
06/05/2000 14:00     32.7     19.1     15.9     16.0     22.0     -5.9     16.1     C     B    -1     10.0    71.0
07/15/2000 12:00     19.5     21.0     14.6     14.1     17.6     -1.9     15.7     C     B    -1      5.1    23.0
06/08/2000 12:00     18.6     17.8     18.9     14.8     17.6     -2.4     15.2     C     B    -1     12.7     8.9
09/08/2000 08:00     15.7     10.7     10.7     13.1     12.7     -0.9     11.8     D     C    -1     13.1     5.6
12/31/2000 18:00     12.9     12.7     12.5     12.3     12.6     -0.3     12.3     D     C    -1      2.0   155.7

 
Backup 90 foot 
                      ST       ST       ST       ST       ST       ST       ST    Stab   Stab  Diff   Speed   Diff
Date       Time     15 min   30 min   45 min   00 min     RSS     Diff     Hour   Hour   RSS   Stab   Wind    Wind
12/31/2000 18:00     12.9     12.7     12.5     12.3     12.6     -0.3     12.3     D     C    -1      2.0   155.7
09/22/2000 09:00     18.1     11.6     10.8     11.0     13.2     -2.3     10.9     D     C    -1     13.5     7.3
06/05/2000 14:00     18.5     37.6     13.4     16.6     23.5     -7.2     16.3     C     A    -2      9.3    82.8
06/01/2000 10:00     27.6      6.7     14.3      4.9     16.1    -11.2      4.9     E     C    -2     10.5    16.2
 
Main 30 foot 
                      ST       ST       ST       ST       ST       ST       ST    Stab   Stab  Diff   Speed   Diff
Date       Time     15 min   30 min   45 min   00 min     RSS     Diff     Hour   Hour   RSS   Stab   Wind    Wind
12/24/2000 21:00     14.7     14.2      6.6      6.9     11.3     -4.5      6.8     E     D    -1     34.6    55.1
09/22/2000 10:00     19.2     20.4     22.1     14.3     19.2     -4.9     14.3     C     B    -1      6.2    14.8
09/23/2000 09:00     23.3     29.4     18.5     21.3     23.5     -3.2     20.3     B     A    -1      7.3   147.3
09/22/2000 09:00     27.7     43.9     18.5     21.3     29.5     -9.2     20.3     B     A    -1      7.3    20.9
02/03/2000 09:00     17.6     18.7     17.1     16.8     17.6     -0.8     16.8     C     B    -1      7.5    23.1
10/21/2000 13:00     42.5     12.0      9.1      5.3     22.7     -0.8     21.9     B     A    -1     12.2     6.8
12/31/2000 17:00     17.8     17.6     17.5     17.3     17.6     -0.3     17.3     C     B    -1      6.5     0.4
04/03/2000 08:00     30.5     24.7     20.5     14.8     23.3     -5.9     17.4     C     A    -2      2.3    37.6
06/01/2000 10:00     21.6     14.3     22.4      6.2     17.4    -11.2      6.2     E     C    -2      9.6    11.8
06/29/2000 13:00     65.8     26.3      8.5      4.7     35.8    -27.3      8.5     D     A    -3     11.6    64.8
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The range of wind direction values during the hour was estimated from the 15 minute wind direction.  This wind 
direction swing was then broken into sector size categories (22.5 

o) intervals.  The stability class difference was 
then grouped by these categories.  The larger the change in wind direction, the more the 60-minute sigma theta 
values would be expected to differ from the RSS sigma theta values, but for hours when wind direction makes 
large changes, the sigma theta value tends to generate a stability class of A (extremely unstable) in both cases. 

 
========================================================================= 
  Wind Swing (Estimated)              Stability Class Difference  
  Sectors    Count     -2     -1      0      1      2      3      4       
------------------------------------------------------------------------- 
        1     7256      0      4   5436   1756     60      0      0       
        2      955      0      0    167    577    203      8      0       
        3      254      1      1     45     43    105     58      1       
        4      103      0      0     25     31     31     16      0       
        5       69      0      0     26     21     18      4      0       
        6       44      0      0     28      8      8      0      0       
        7       26      0      0     23      3      0      0      0       
        8       23      0      0     21      1      1      0      0       
        9       23      0      0     21      2      0      0      0       
       10        6      0      0      6      0      0      0      0       
       11        6      0      0      6      0      0      0      0           
       12 & up   0      0      0      0      0      0      0      0     
------------------------------------------------------------------------- 
Totals        8765      1      5   5804   2442    426     86      1       
  
                     0.01%  0.06% 66.22% 27.86%  4.86%  0.98%  0.01%             

Class Changes by Wind Direction Swings
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The stability class difference was then grouped by twelve wind speed categories (one of the JFD report 
options).  From the warning in 3.11, stability class differences might be expected for the low wind speed 
categories.  However, the 60-minute sigma theta values differ from the RSS sigma theta values over the 
entire range of wind speed values. 
 
========================================================================= 
  Wind Speed (MPH)                    Stability Class Difference  
  Category   Count     -2     -1      0      1      2      3      4        
------------------------------------------------------------------------- 
    < 1.0       22      0      0     19      2      1      0      0       
  1.0 - 2      131      0      0    103     23      4      1      0       
  2.1 - 4      366      0      1    163    124     56     22      0       
  4.1 - 6      603      0      0    265    254     73     11      0       
  6.1 - 8      786      0      0    415    284     75     12      0       
  8.1 -10      808      0      1    464    280     51     12      0       
  10.1-13     1352      1      0    856    424     61      9      1       
  13.1-18     2369      0      1   1748    542     65     13      0       
  18.1-22     1026      0      0    787    224     13      2      0       
  22.1-30      878      0      1    655    199     21      2      0       
  30.1-40      370      0      0    289     76      4      1      0       
    >  40       54      0      1     40     10      2      1      0       
------------------------------------------------------------------------- 
Totals        8765      1      5   5804   2442    426     86      1       
  
                     0.01%  0.06% 66.22% 27.86%  4.86%  0.98%  0.01%   
 

Class Changes by Wind Speed
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Conclusions and Recommendations 

Re-Averaging and Editing Sigma Theta 
 
As a result of this analysis, the re-averaging function will be changed to retain the 15-minute sigma thetas 
if no one minute data has been invalidated during the period and 60-minute sigma thetas will continue to 
be computed as the RSS of the 15-minute values. 
 
For the one hour example shown at the beginning of the paper, the 15 and 60 minute sigma thetas were 
also computed from the 1-minute wind direction values using the Yamartino method.  This sampling rate is 
too low for accurate results, but this method will be explored further and may be applicable in some cases. 
 
 
Sample Time Original  

Sigma Theta 
Computed from  

1-minute  
Sigma Theta 

Computed from  
1-minute  

Wind Direction 
:15 15-minute 12.2 5.2 11.01 
:30 15-minute 6.4 5.3 3.71 
:45 15-minute 9.1 5.4 7.23 
:00 15-minute 10.9 9.3 5.72 
60-minute 19.0 6.6 17.90 
 

Original Calculation of Sigma Theta 
As for the original calculation of the 60-minute sigma theta, the suggestion in ANSI/ANS-3.11-2000 is 
validated.  This can be achieved most easily in the database or data management software, calculating the 
60-minute sigma theta each hour from the 15-minute values.  Dataloggers may also be modified to perform 
the RSS calculation. 
 
If this becomes a topic of concern, advances in technology since the original papers cited in this paper 
may allow different algorithms to be considered in the dataloggers; either multi-pass methods or the use of 
some of the techniques considered by Fisher. 
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2.6 
 

Benjamin Terliuc 
 

Tracing Air Parcel Trajectories Using No-Lift-Balloons 
 

Free Lift Balloons (FLB) are flying platforms designed to behave as Lagrangian tracers of air 
parcel trajectories. Among the FLB, Constant Volume Balloons (CVB) are extensively used to 
explore the kinematic and dynamic structures of the Planetary Boundary Layer (PBL). The CVB 
is exempted of buoyancy only when flying in an isopycnic level having ambient density equal to 
the effective density of the system. When dragged to leave it s equilibrium level by an external 
vertical force, a restoring force is developed in the opposite direction, forcing the CVB to return 
back to the prefixed flying layer. This dynamic effect invalidates the CVB to behave as a true 
Lagrangian tracer. A different design of FLB, called No Lift Balloon (NLB), overcomes this 
invalidation by allowing the balloon to match, at each level, its internal pressure and effective 
density to the ambient pressure and density, in an almost adiabatic process, leaving the vertical 
motion of NLB to be induced mainly by drag forces exerted by the vertical component of the 
wind vector. Therefore, bearing in mind some deviations from the dynamic and thermodynamic 
behavior of air parcels, NLB can be considered Quasi-Lagrangian tracers of air particle 
trajectories. 
 
The purpose of the present work is to demonstrate the capabilities of NLB, in view of the 
experimental results obtained with systems implemented by different techniques. Measurements 
carried out during MAP 99 Intensive Operational Period (IOP) at Ispra, Italy, provide a pictorial 
description of a three-dimensional trajectory, strongly affected by complex terrain topography, 
showing a light wind circulation cell that could be induced by lake breeze. 
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Tracing Air Parcel Trajectories Using No-Lift-
Balloons. A Brief Report Including a Light Wind 
Flight over Complex Terrain During MAP 99 IOP

Benjamin Terliuc(1), Bruno Benech(2) and Heinz Berger(3)

(1) Nuclear Research Centre – Negev, P.O.Box 9001, Beer Sheva 84190, Israel.
(2) Laboratoire d’Aérologie, UMR 5560 CNRS/UPS, 31400 Toulouse; France.

(3) Meteoswiss, P.O.Box 316, CH-1530 Payerne, Suisse.

There are two classes of Free Lift Balloons (FLB):

I. Constant Volume Balloons (CVB)

II. No Lift Balloons (NLB)
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)CVBI. Constant Volume Balloon (

• Tailored with sheets of materials characterized by low 

elasticity and low permeability (Polyester, Polyethylene).

• Super-pressurized with gas lighter than air (H2 ,He).

• Almost-constant effective density.

• Tendency to remain in a prefixed isopycnic layer.

• Rugged and almost impermeable to filling gasses 

commonly used.
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in standbyCVBPartially filled 

ב א

Swiss-madeTetroon
(V=1.1 m3)

French-made Cylinder
(h=7 m, Ø=0.7 m)
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MotionCVB
• Horizontal motion driven by the drag force 

exerted by the horizontal wind.
• Vertical motion driven by the drag force exerted 

by the vertical wind component and the buoyant 
force developed outside the equilibrium layer.

Isopycnic Level 

Buoyant Force 
Drag Force
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CVBApplicability of 

• Characterizes the thermodynamic and 
dynamic structure of a shallow 
atmospheric layer surrounding the 
equilibrium level, along the flying 
trajectory.

• The tendency to remain in the equilibrium 
flying level invalidates the CVB to be a 
true Lagrangian tracer of air parcel 
trajectories.
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II. No Lift Balloon (NLB)
• The original carrying platforms are aerological

balloons.
• The rubber skin has high elasticity index.
• The light filling gas (H2, He) can expand and 

contract following the ambient pressure 
changes.

• The effective density changes adiabatically.
• Once the system is balanced at launching level, 

it will remain free of buoyant positive or negative 
lift at any altitude, in an atmosphere having an 
adiabatic lapse rate.
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NLB Motion
• NLB horizontal motion is driven by the drag force exerted 

by the horizontal wind.
• NLB vertical motion is driven by the drag force exerted by 

the vertical component of the wind vector. No buoyant 
forces are present.

• NLB are true Quasi-Lagrangian air parcel tracers that can 
characterize the dynamic and thermodynamic structure of 
the atmosphere along a particular air parcel trajectory.
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A Serious Problem!!

• Thin rubber or neoprene sheets used in 
aerological balloons are extremely permeable 
to light filling gasses commonly used (H2, 
He).

• Loss of filling gas by diffusion causes a loss 
of buoyancy that disrupt the free lift balance.

• If the loss of buoyancy is not compensated, 
the NLB system will plunge down at 
increasing rate.
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Compensation of loss of buoyancy 
due to filling gas leakage

• Longhetto used a mixture of two gasses:
H2 lighter than air.
CO2 denser than air

• For a proper mixture ratio, the simultaneous 
leakage of both gasses keeps the system 
balanced for a reasonable time.

• The mixture is only slightly lighter than air, 
greatly reducing the capability to carry a useful 
payload.

• The method suits short time flight up to optical 
tracking range.
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Compensating the loss of buoyancy 
using a dripping device

Terliuc developed a dripping device that:
• Provides a constant-rate loss of ballast, at constant 

temperature.
• The compensation rate can be fitted to the buoyancy 

loss rate of a specific balloon.
• Using the appropriate liquid, the temperature 

dependence of the compensation rate is fitted to the 
temperature regime of the loss of buoyancy.

• The device is cheep an can be easily manufactured.
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The dripping compensation device 
developed by Terliuc
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The dripping compensation device
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The whole NLB system (after Terliuc)
at Meteo-France – Toulouse (1991)

Lifting Balloon

Radiosonde

Carrier Balloon

Dripping Device
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Applications of NLB

1. Circulation Model ! Balloon Behavior 
assessment.

2. Light wind flow over complex terrain 
under lake-breeze regime.  
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1. Circulation Model !!!! Balloon Behavior 
reciprocal assessment

A field study in the Lake Kinneret area (Summer 1981)

NLB Launching
Team
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Results of Mesoscale Model simulations of the flow pattern 
involving: Mediterrenean Sea Breeze, Lake Kinneret Breeze and 

Mountain-Valley Wind (Doron & Neumann, 1977).

0900 1700

0300
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Flow pattern at 07/07/81, 08:00 LT

0900
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Flow pattern at 12/07/81, 09:00 LT

0900
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Flow pattern at 12/07/81, 11:00 LT
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Flow pattern at 12/07/81, afternoon
07/07/81

1300

12/07/81
1530

12/07/81
1900

17001700
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2. Light wind flow over complex terrain 
under lake-breeze regime.

 

Ispra(L/T)

Monte Lema (T)

Mosecco (L/T)

Bad Ragaz (L/T)

Julier Pass (L) 
Marmorera lake (L)

Bivio (T) 

Hoher Kasten (T)
Diepoldsau (L/T)

Fussah 

Mesoscale Alpine Program (MAP)-1999
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A new approach to a simplified NLB
technique: Partially inflated Tetroon

☺ IN FAVOR
☺ Tailored with polyester 

(Hostophan™), the tetroon-
based NLB is rugged and 
almost impermeable to light 
filling gasses.

☺ Almost transparent to solar 
radiation.

☺ Spare tuning of 
compensating device.

☺ Can be easily implemented.
☺ Can be kept in standby 

during relatively long time.

# AGAINST
# The expansion volume is 

limited, reducing the ceiling 
for NLB technique validity. 

# The shape can not be 
predicted accurately.

# The stiff sheet may not 
respond smoothly to 
differential pressure 
changes.

# There will be some 
uncertainties when 
evaluating the drag 
coefficients
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inflated, launched from partialy, tetroonSMI
at 27/10/99, 1200GMTIspraCCR 

CCR-Ispra NLB 271099 1200

-2200

-2000

-1800

-1600

-1400

-1200

-1000

-800

-600

-400

-200

0

200

400

600

800

1000

1200

1400

-200 0 200 400 600 800

West-->East from CCR (m)

S
ou

th
--

>N
or

th
 f

ro
m

 C
C

R
 (

m
)

Launching &
Tracking Station

CCR-Ispra

a

CCR-Ispra, NLB 271099 12:00

-2200

-2000

-1800

-1600

-1400

-1200

-1000

-800

-600

-400

-200

0

200

400

600

800

1000

1200

1400

200 220 240 260 280 300 320 340 360 380 400

Altitude (m ASL)

S
ou

th
--

>N
or

th
 f

ro
m

 C
C

R
 (

m
)

Launching &
Tracking Station

CCR-Ispra

t=20 min

t=5.3 min

t=62 min

t=33 min

t=88.5 min

b

CCR-Ispra, NLB 271099 12:00

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0 600 1200 1800 2400 3000 3600 4200 4800 5400 6000 6600 7200 7800

Time after launching (s)

3D
 V

el
oc

it
y 

(m
 s

-1
)

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

0 10 20 30 40 50 60 70 80 90 100 110 120 130
Time after launching (minutes)

V
er

ti
ca

l V
el

oc
it

y (
m

 s
-1

)

3D Velocity
Vertical Velocity
7 per. Mov. Avg. (Vertical Velocity)
7 per. Mov. Avg. (3D Velocity)

392 m 319-273 m 303 m 261 m



24

Conclusions
• No Lift Balloon are true Quasi-Lagrangian tracers of particular 

air parcels.
• The NLB based on aerological balloons have well defined 

shape, good response to differential pressure changes, 
unlimited ceiling, can carry big useful payload and can be 
parameterized with reasonable accuracy. Its preparation 
requires expert operators and is time consuming.

• The NLB based on tetroon made with stiff sheet is rugged, 
almost transparent and, therefore, insensible to solar radiation
heating and easy to be prepared. Its ceiling and carrying 
capability are limited and the parameterization involves some 
unavoidable uncertainties.

• Both techniques provide valuable information that can not be 
acquired by other means and, therefore, are worth to be 
implemented in field experiments.

• The NLB based on tetroon can be easily adapted to be 
launched in emergency situations to trace pollutants 
trajectories in real time.



 

2.7 
 

Brad Harvey 
 

Using ARCON96 for Control Room Radiological Habitability 
Assessments 

 
Conclusion: The intent of this paper is to review some of the subtle aspects in executing 

ARCON96 to generate atmospheric dispersion analyses in support of design-basis  
CR [Control Room] radiological habitability assessments.  Included are highlights 
of the differences between staff positions discussed in RG 1.194 and the examples 
given in the ARCON96 User’s Guide.  The authors hope that the issues discussed 
here will he lp licensees avoid common mistakes and improve the quality and 
acceptability of their submittals.   
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1

Using ARCON96 for
Control Room Radiological 
Habitability Assessments

R. Brad Harvey, Steve LaVie, Leta Brown

US Nuclear Regulatory Commission

RBH@NRC.GOV 301-415-4118

2

Outline

p Introduction

p Executing ARCON96

p Experience from Reviewing ARCON96 

Analyses

p Conclusion

3

Introduction

p Why licensees are choosing to update 

their CR Habitability Analyses

n Alternative Source Term (AST) Implementation

p Power Uprate Submittals

p Generic Letter 2003-01

n Physical changes to CR ventilation system

4

ARCON96 Guidance
p ARCON96 User’s Guide

n NUREG/CR-6331, Revision 1 (May 1997)

p Staff does not endorse all of the illustrative 
examples in the ARCON96 User’s Guide as 
regulatory positions

p Subsequent Staff Guidance
n NRC letter to Westinghouse (July 1997)
n NRC/NEI Public Meeting (March 2000)
n Draft Regulatory Guide DG-1111 (December 2001)

n Regulatory Guide 1.194 (June 2003)

5

Executing ARCON96
p Release Type

n Ground

n Vent (don’t use)

n Stack

p More than 2½ times the height of adjacent 
structures, or

p Outside the zone of influence of adjacent structures

6

Executing ARCON96
p Zone of Influence for Stacks

L is the height or width, whichever is less, of the building 
cluster cross-section perpendicular to the wind.  A stack 
located inside the zone should be 2½ times the height of 
the structure that causes the building wake.
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7

Executing ARCON96
p Release Height
n Calculate plume rise separately and add to the 

vent/stack physical height
p Plume buoyancy and/or vertical velocity should be 

maintained throughout the release

p Building Area
n Use a value of 0.01 m3 if a building area of 

zero is desired

8

Executing ARCON96
p Surface Roughness
n Use 0.2 m in lieu of the default value of 0.1 m

p Reasonable values range from 0.1 m to 0.5 m

p Averaging Sector Width Constant
n Use 4.3 in lieu of the default value of 4.0

9

Executing ARCON96
p Direction to Source
n Use direction from receptor back to the release 

point
p Ensure direction entered has same reference point as 

the wind directions reported in the meteorological 
database (i.e., true north versus plant north)

10

Executing ARCON96
p Diffuse Area Sources

n Initial Diffusion Coefficients (s y and s z)
p Use one sixth of the cross-sectional area width and 

height

n Direction to Source
p Use line-of-sight from center of cross-sectional area 

to receptor

n Distance to Receptor
p Move cross-sectional area forward along line-of-sight 

until it intercepts the closest point on the building 
surface

11

Executing ARCON96
p Diffuse Area Sources

12

Experience from Reviewing 
ARCON96 Analyses
p Multiple ARCON96 Runs
n Multiple ARCON96 runs were made to handle 

multiple data files (multiple years of data)

p Wind Speed Units
n The default setting of m/sec was used instead 

of switching to the database units of mph
n Database units changed from mph to m/sec 

during analyzed period of record

p Building Area
n All release points were assumed to be within 

the building wake of the containment
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13

Experience from Reviewing 
ARCON96 Analyses
p Release Points versus Building Area

14

Experience from Reviewing 
ARCON96 Analyses
p Upper Wind Data
n Upper wind data not provided nor identified as 

missing with a field of “9”s

p Delta-T Data Conversion to Stability Class
n Conversion from °F/XYZ ft to °C/100 m 

performed incorrectly

p Meteorological Data Quantity
n Less than five years of data provided

n Annual data recovery rates less than 90%

15

Experience from Reviewing 
ARCON96 Analyses
p Meteorological Data Quality
n Missing or duplicate hourly records

n Inconsistent identification of missing data 
(e.g., using values of zero instead of “9”s)

n Wind data remaining unchanged for several 
hours

n Inconsistent wind speed, wind direction, or 
stability class frequency distributions from year 
to year

n Stable conditions during the day/unstable 
conditions at night

16

Experience from Reviewing 
ARCON96 Analyses
p Meteorological Data Quality (continued)

n Extended periods of extremely unstable (stability class 
A) conditions

n Upper level wind speeds less than lower level wind 
speeds

n Poor correlation between lower level and upper level 
wind direction frequency distributions

n Inconsistent joint frequency distributions between 
ARCON96 input data and PAVAN input data

p Wind Direction Values
n Values ranged from 0° to 359° instead of 1° to 360°

17

Conclusion
p This presentation is intended to help 

licensees avoid common mistakes and 
improve the quality and acceptability of 
their submittals

p Staff does not endorse all of the 
illustrative examples in the ARCON96 
User’s Guide as regulatory positions

p Significant deviations from regulatory 
guidance can result in delays in obtaining 
staff approval
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A. Introduction 

Nuclear power plant licensees have recently shown an interest in updating their design-basis Control Room 
(CR) radiological habitability assessments.  This interest primarily involves supporting implementation of the 
Alternative Source Term (Reference 1) for power uprate submittals as well as addressing the recently issued 
Generic Letter 2003-01 on Control Room Habitability (Reference 2). 

Partially in response to this interest, the NRC has recently issued Regulatory Guide (RG) 1.194 (Reference 3) 
providing updated guidance on determining atmospheric dispersion factors (?/Q values) in support of design 
basis CR radiological habitability assessments at nuclear power plants.  Prior to RG 1.194, the NRC staff had 
never issued a regulatory guide providing guidance for generating CR ?/Q values.  The primary CR 
atmospheric dispersion methodology previously used by the staff is documented in a CR habitability 
assessment procedure developed by Murphy and Campe (Reference 4) and its implementation is discussed in 
Section 6.4, “Control Room Habitability System” of NUREG-0800 (Reference 5). 

One of the primary purposes of RG 1.194 is to provide guidance on the use of an updated methodology for 
generating CR ?/Q values, ARCON96 (Reference 6).  ARCON96 is a relatively new computer code 
sponsored by the NRC which is based on a number of field studies conducted during the 1980s.  It was 
developed, in part, to address industry’s comments that the Murphy-Campe procedure was too conservative.  

The ARCON96 computer code has been available for public distribution since mid-1997.  Early NRC 
guidance on executing ARCON96 was provided in a July 1997 NRC letter to Westinghouse (Reference 7), 
during a February 2000 public meeting with NEI (Reference 8), and in the December 2001 draft of RG 
1.194, DG-1111 (Reference 9).  One of the most important aspects of these guidance documents, especially 
RG 1.194, is that the staff does not endorse all of the illustrative examples in the ARCON96 User’s Guide 
(NUREG/CR-6331, Revision 1, Reference 6) as regulatory positions. 

A number of licensees have used ARCON96 within the last couple of years in support of license submittals 
and the authors of this paper have had the opportunity to review these submitted analyses.  From this review, 
it is clear that not all licensees understand the input requirements for ARCON96 as well as recognize the 
differences in guidance between the ARCON96 User’s Guide and the staff positions stated in DG-1111 and, 
more recently, RG 1.194. 

As such, the intent of this paper is to highlight some of the subtle aspects of the executing ARCON96 with 
regard to staff regulatory positions as well as identify some of the mistakes made by licensees in executing 
ARCON96. 



RB Harvey et al Using ARCON96 for CRH Assessments 

 

Page 2 of 6 

B. Executing ARCON96 
The following highlights those areas where RG 1.194 positions may differ from the examples provided in the 
ARCON96 User’s Guide.  These items are discussed in more detail in RG 1.194.  The ARCON96 user is 
encouraged to refer to RG 1.194 for guidance in executing ARCON96 in support of any design basis 
accident licensing submittals. 

1. Release Type:  ARCON96 allows the user to select one of three different release configurations: ground, 
vent, or stack.  The ARCON96 calculation of vent releases includes an algorithm to model “mixed-mode 
releases” as described in Regulatory Guide 1.111 (Reference 10), which addresses the methodologies 
applicable for determining ?/Q values for routine effluent releases.  The mixed-mode release algorithm 
was based, in part, on limited field experiments and may not be sufficiently conservative for accident 
evaluations.  For this reason, the vent release mode should not be used in design basis assessments.  All 
releases analyzed within ARCON96 should be treated as either ground level releases or stack releases. 

Releases can be characterized as stack releases if the release is from a freestanding, vertical, uncapped 
stack that is either more than 2½ times the height of adjacent structures or is outside the directionally 
dependent zone of influence of adjacent structures.  Any release not meeting these criteria should be 
classified as a ground level release. Details on defining the zone of influence of adjacent structures are 
provided in regulatory position 3.2.2. of RG 1.194. 

2. Release Height: Although ARCON96 does not calculate plume rise from buoyancy or mechanical jet 
effects, plume rise can be calculated separately from the code and added to the physical height of the 
stack to obtain an effective release height.  Plume rise may be considered for isolated, freestanding stacks 
and for vents located on plant buildings.  In order to credit these adjustments, the buoyancy and/or 
vertical velocity of the plume should be maintained throughout the time intervals that the plume rise is 
credited.1 Regulatory position 6 of RG 1.194 presents an appropriate set of plume rise equations. 

3. Building Area: The ARCON96 User’s Guide, NUREG/CR-6331, specifies that the building area value 
used to quantify building wake effects can range from 0 to 10,000 m3.  In reality, ARCON96 will not 
produce appropriate values if a building area value of zero is entered.  Consequently, a value of 0.01 m3 
should be entered if a zero entry is desired. 

4. Vertical Velocity:  The vertical velocity only impacts stack releases.  It is used to determine if the stack 
height should be reduced to account for plume downwash.  Downwash is included in the calculation 
whenever the ratio of the vertical velocity to the release height wind speed is less than 1.5.  If set to zero, 
the maximum downwash is calculated and the release height is reduced by an amount equal to six times 
the stack radius.  An actual, non-zero vertical velocity should be used only if the vertical velocity of the 
release will be maintained during the course of the accident; otherwise, use zero. 

5. Stack Flow:  The stack flow impacts both ground level and stack releases.  It is used to ensure that the 
near field concentrations are no greater than the concentration at the release point.  This value is 
significant only if the flow is large and the distance from the release point to the receptor is small.  An 
actual, non-zero stack flow should be used only if the stack flow will be maintained during the course of 
the accident; otherwise, use zero. 

                                                 

1 Plume rise may not be used to demonstrate that a particular stack meets the 2½ times the adjacent structure height 
criterion in order to be classified as an elevated release. 
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6. Stack Radius: The stack radius only impacts stack releases.  It is used to determine the stack height 
reduction during plume downwash conditions.  An actual, non-zero stack radius should be used only if 
the stack flow is non-zero; otherwise, if the stack flow is zero, the stack radius should be set to zero. 

7. Direction to Source: Use the direction from the receptor back to the release point.  For example, if you 
stand at the receptor and are facing north as you look at the release point, enter 360° (north). 

Ensure the direction entered has the same point of reference as the wind directions reported in the 
meteorological data.  For example, most wind direction systems are oriented to true north whereas the 
plant north shown on site plot drawings can be different from true north. 

8. Surface Roughness: Surface roughness is used to adjust wind speeds to account for any difference 
between the meteorological instrumentation height and the release height.  For most sites, use a value of 
0.2 in lieu of the default value of 0.1. Reasonable values range from 0.1 for sites with low vegetation to 
0.5 for forest-covered sites. 

9. Averaging Sector Width Constant: The averaging sector width constant is used to prevent inconsistency 
between the centerline and sector average ?/Q values.  Use a value of 4.3 in lieu of the default value of 
4.0. 

10. Vertical Area Sources: In order to qualify as a vertical area (or diffuse) source, the activity being released 
should be homogeneously distributed throughout the building and the release rate from the building 
surface should be reasonably constant over the surface of the building. Guidance for modeling vertical 
area sources includes the following: 

• The height and width of the area source (e.g., the building surface) are taken as the maximum 
vertical and horizontal dimensions of the above-grade building cross-sectional area perpendicular to 
the line of sight from the center of this area to the receptor. 

• The distance to receptor is defined by moving the vertical plane of this cross-sectional area forward 
along the line of sight until it intercepts the closest point on the building surface to the receptor. 

• The direction to source is defined as along the line of sight from the center of this cross-sectional 
area to the receptor. 

• The initial diffusion coefficients sy and s z are defined as one sixth of the cross-sectional area width 
and height, respectively. 

Refer to RG 1.194 for more specific guidance regarding modeling diffuse area source releases. 

C. Experience from Reviewing ARCON96 Analyses 
The authors have had an opportunity to review a number of recently submitted control room atmospheric 
dispersion analyses and have noticed the following issues: 

1. Number of Meteorological Data Files Provided as Input: In one situation, six years of meteorological 
data were analyzed by executing ARCON96 six times, one time for each of the six years since each year 
resided on a separate file . An attempt was then made to average the resulting six sets of data.  The 
licensee was unaware that all six data files could be included in one ARCON96 run. 

2. Release Type: A release point was identified as a vent release instead of a ground level release. 

3. Building Area: The containment building cross-sectional area was used for all release points when at 
least one release point was outside the zone of influence of the containment. 

4. Wind Speed Units: In one situation, the wrong wind speed units were identified (e.g., the default setting 
of m/s was used instead of switching to the meteorological data base units of mph).  In another situation, 
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the wind instrumentation was modified during the submitted period of record, resulting in some of the 
submitted wind data being reported in mph and the remaining data being reported in m/s. 

5. Upper Wind Data: The ARCON96 User’s Guide implies that providing a second level of wind data as 
input to the ARCON96 model is optional. If wind data are available for only a single measurement 
height, the ARCON96 User’s Guide states that they should be entered in the lower measurement level 
fields of meteorological data file.  However, if only one level of wind data is being provided as input to 
ARCON96, it is important that fields of 9s be entered in the upper level wind fields in the meteorological 
data files to indicate invalid data.2   

6. Meteorological Data Quantity: The ARCON96 dispersion analyses should be based on five years of 
hourly observations with annual data recoverability of at least 90 percent,3 although a shorter period of 
record may be accepted with sufficient justification.  However, licensees have submitted meteorological 
data bases with extended instrument outages which have resulted in a data recovery rate of less than 90 
percent. 

7. Meteorological Data Quality: A copy of the ARCON96 meteorological input files should be provided as 
part of the licensing submittal.  The staff will typically perform a review of the submitted data using the 
methodology described in NUREG-0917 (Reference 12) as well as spreadsheets.  Some of the common 
data base problems that have been found which have generated requests for clarification (in the form of 
Requests for Additional Information or RAIs) include the following: 

• Occurrences of missing or duplicate hourly records. 

• Inconsistencies in the identification of invalid data (e.g., using values of zero instead of a field of 9’s; 
note that zero is a valid wind speed value). 

• Occurrences of wind data remaining unchanged for several hours. 

• Occurrences of wind speed, wind direction, and/or stability classes frequency distributions (including 
calm winds) inconsistent from year to year. 

• Frequent occurrences of stable conditions during the day or unstable conditions at night. 

• Extended periods of extremely unstable (stability A) conditions. 

• Frequent occurrences of upper level wind speeds being less than the lower wind speeds. 

• Poor correlation between lower level and upper level wind direction frequency distributions 
(although this can sometimes be explained by the local topography). 

• Inconsistencies in the joint frequency distributions generated from the ARCON96 data as compared 
with those used as input to PAVAN (Reference 13) in the same licensing submittal. 4 

                                                 
2 ARCON96 looks to use wind data listed in the upper level fields whenever the wind data in the lower level fields are 
missing.  If these upper level wind fields are left blank, ARCON96 reads them as “zero” values.  Zero is a valid wind 
speed value.  As such, if the lower wind speed value is identified as invalid (9999), an upper wind speed value of 0 m/s 
will be used.  This represents calm conditions, where the wind speed will be reassigned to the default minimum wind 
speed value (typically 0.5 m/s) and the receptor will be assumed to be directly downwind of the release point, regardless 
of the wind direction value.  Note that calm conditions do not produce conservative ?/Q values in that the highest ?/Q 
values for ARCON96 typically occur during wind speeds of 3 to 4 m/s. 
3 The 90 percent data recovery criterion is from RG 1.23 (Reference 11). 
4 The PAVAN computer code is used to generate exclusion area boundary and low population zone ?/Q values for 
design-basis accident assessments. 
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8. Delta-Temperature Data Conversion to Stability Class: The conversion of the recorded delta-temperature 
data from °F/xyz ft to °C/100 m in order to classify stability class was done incorrectly.  In addition, one 
licensee was unaware that their delta-temperature data were being recording as lower level minus upper 
level instead of the typical upper level minus lower level. 

9. Wind Direction Range of Valid Values: The wind direction values provided as input to ARCON96 
ranged from 0° to 359° instead of 1° to 360°.  This results in some of the north wind observations being 
interpreted as invalid data. 

Licensees are encouraged to spot check their ARCON96 data bases against the data in their original format to 
ensure the data conversion has been performed correctly.  

D. Conclusion 
The intent of this paper is to review some of the subtle aspects in executing ARCON96 to generate 
atmospheric dispersion analyses in support of design-basis CR radiological habitability assessments.  
Included are highlights of the differences between staff positions discussed in RG 1.194 and the examples 
given in the ARCON96 User’s Guide.  The authors hope that the issues discussed here will help licensees 
avoid common mistakes and improve the quality and acceptability of their submittals.   

It should be noted that the guidance in RG 1.194 was developed after considerable effort by the staff, 
including resolution of public comments.  Although alternative approaches may be proposed for 
consideration by the staff, licensees should be aware that significant deviations from the guidance may result 
in delays in obtaining staff approval. 
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2003 NUMUG Business Meeting Agenda 

(Part 2) 
 
 
A.  Vote on proposed NUMUG Charter revisions. 
 
B.  Announcement of NEW 2003-2005 Steering Committee Members & Treasurer(?)  
 

• Mark Carroll 
• John McDonald 
• Bob Yewdall 

 
C.  Options for Next Meeting 
 

• Back-to-back meeting with RETS/REMP (June 2005)? 
• Separate meeting date/location? 
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CHARTER – Revised 
Nuclear Utility Meteorological Data Users Group 

 
1. Name 
 

a. The name of the group is the Nuclear Utility Meteorological Data Users Group (NUMUG). 
 
2. Mission and Objectives 
 

a. To provide a forum to address problems and exchange ideas for those collecting and utilizing 
meteorological data at nuclear facilities. 
 

3. Membership 
 

a. Membership is open to any individual interested in pursuing the mission and objectives of the group.  
Individuals interested in membership should inform a member of the Steering Committee who will 
add their name to the membership roster. 
 

4. Steering Committee 
 

a. The management of the group is vested in the Steering Committee.  The Steering Committee shall 
consist of five members, with at least three members representing US electric utilities. 

 
b. The Chair of the Steering Committee shall be selected from, and represent a consensus vote of, the 

Steering Committee members after each group meeting. 
 
c. A term on the Steering Committee is defined as the period of time between meetings.  Steering 

Committee members should not serve more than two consecutive terms.   
 
d. New members of the Steering Committee are to be chosen from membership volunteers by the 

existing Steering Committee prior to group meetings. 
 
e. Responsibilities of the Steering Committee include: 
 
§ Support the “Mission and Objectives” of NUMUG. 
§ Solicit industry-wide representation and participation. 
§ Maintain and distribute a Membership Roster. 
§ Solicit suggestions for group activities and support implementation of NUMUG activities. 
§ Keep membership informed of group activities via NUMUG server, e-mail, regular mail, and 

group meetings. 
§ Plan and publicize group meetings. 
§ Maintain a financial record of NUMUG, in support of its tax-exempt status. 
§ Update IRS records with current Chairperson’s name, home address, and home phone. 
§ Update IRS records with revisions to NUMUG’s Charter. 
§ Select a Treasurer from NUMUG membership to handle NUMUG funds, any bank account(s), 

and financial record-keeping. 
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f. The Treasurer shall serve for 3 terms, where a term is defined as the period between group meetings.  
If the Office of Treasurer becomes vacant, the Steering Committee shall appoint a new Treasurer for 
a period of 3 terms. 

 
5. Finances 
 

a. No dues shall be collected by the group and the group shall accumulate minimal assets.  It is 
expected that group members and their sponsoring organizations will voluntarily contribute the time 
and resources required to manage group activities between group meetings. 

 
b. Registration fees can be charged for attendance at group meetings to offset costs associated with 

implementing group meetings. 
 
c. Vendors or utilities may provide assets to help offset costs associated with implementing group 

meetings.  Any sponsorship may be noted in the program for the group meetings.  Sponsorship does 
not imply any endorsement by NUMUG of sponsors’ products or services. 

 
d. Upon dissolution of NUMUG, the remaining assets will be distributed to a charitable organization, 

to be selected by the Steering Committee. 
 

6. Meetings  
 

a. Group meetings shall be held every one to two years.  The location and agenda of group meetings 
are to be determined by the Steering Committee. 
 

7. Amendments to the Charter 
 

a. Amendments to this charter can be proposed by any member in attendance at any group meeting.  
Amendments can be approved by a consensus vote of the members in attendance. 
 

8. Ethics 
 

a. The Membership Roster and NUMUG server are not to be used for directly commercial purposes 
such as widespread distribution of marketing information via the Server or selling or re-distributing 
Membership Rosters or dissemination of political or religious opinions. 

 



 

 
 
 
 
 
 
 
 

SESSION   III 
 
 
 

CHANGES IN OUR WORLD 
 



 

3.1 
 

Ping Wan 
 

Permitting Challenges for the New Generation of Nuclear Power 
Plants 

 
The United States’ electric power industry has continued to face an unsettled environment, 
including unprecedented high fuel price, increasing regulatory requirements on emission 
controls, security/non-proliferation issues, and deregulation of the industry since the late 90s.  To 
meet the future demand and maintain energy security, the Bush administration’s National Energy 
Policy calls for expanding nuclear energy to achieve energy security in the United States.  The 
Department Of Energy’s Nuclear Power 2010 initiative focuses on building new nuclear plants 
in the coming decade. 
 
Title 10, Energy, Code of Federal Regulations, Part 52 sets out the requirements and procedures 
applicable to the Nuclear Regulatory Commission issuance of an Early Site Permits, Standard 
Design Certifications, and Combined License for Nuclear Power Plants.  Of the three major 
licensing processes under Part 52, only the design certification process has been demonstrated.  
Recently there are three utility related companies have announced their intention to proceed with 
an Early Site Permit (ESP) application, which constitutes a major Federal licensing action.  The 
author of this paper is currently engaged in preparing such an ESP application.  
 
This paper will discuss the permitting challenges for an ESP under the industry deregulation 
environment.  Discussions will be focused on re-defining a “Region Of Interest” for selection of 
candidate power plant sites, methodology for allowing flexibility in the proposed reactor 
technology, and utilization of existing information and infrastructures.  
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Applicable Regulatory ProcessApplicable Regulatory Process

10 CFR Part 52 Process
• Design Certification
• Early Site Permitting
• Combined License

(Only design certification process has 
been demonstrated.)
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Licensing Process ComparisonLicensing Process Comparison
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Major Parts of An ESP Major Parts of An ESP 
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•• Part 1 Part 1 –– Administration InformationAdministration Information
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Key Features of ESP ProcessKey Features of ESP Process

• To demonstrate the suitability 
of a site without defining and 
evaluating the acceptability of 
a particular plant design

• An ESP is in effect for 10 to 20 
years.
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• ESP Application Format and 
Content
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• Concept of Alternative Site 

Review
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• No specific regulatory guidance 
documents available

• Most ESP Applicants follow the 
Format & Content of the NRC Staff 
Standard Review Plans:
– NUREG 0800
– NUREG 1555
– NRR RS-002 (draft)

8

Technology FlexibilityTechnology Flexibility

• Develop A Technology Neutral 
Approach that Provides a Broad that Provides a Broad 
Overall Outline of a Design Overall Outline of a Design 
Concept.Concept.

• Employ Plant Parameter 
Envelop Concept.



3

9

Technology FlexibilityTechnology Flexibility

•• PPEs are the single largest (or PPEs are the single largest (or 
smaller) value for each parameter, smaller) value for each parameter, 
based on engineering, safety and based on engineering, safety and 
environmental Conservatism. environmental Conservatism. 
– Review Current advanced nuclear 

technologies
– Collect vendor information
– Define and select bounding plant 

parameters

10

• ABWR (Boiling Water Reactor)
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• Deregulation of Power Industry
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ESP Site SelectionESP Site Selection

Benefits of Co-locating at an 
Existing Nuclear Plant Site
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environmental studies
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• Reduce Environmental Impacts and 
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Alternative Sites ReviewAlternative Sites Review

Objective : To verify there are no 
“Obviously Superior Sites”
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• Evaluation Criteria
• Site Ranking Process
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Candidate Sites

Site Criteria
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• Not degrading local resources
• Not significantly  impacting the  
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• Ranking Criteria
• Weighting Factors
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Summary of ChallengesSummary of Challenges

• Technology Flexibility –
Conservatism Inherent in PPE Concept

• “Region of Interest” for Power 
Generation –
NRC Acceptance

• Co-locating at an Existing Nuclear 
Power Plant Site –
Full Justifications Required
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PERMITTING CHALLENGES FOR THE NEW GENERATION 
OF  

NUCLEAR POWER PLANTS 
 

Ping K. Wan 
Environmental Technology Manager 

Bechtel Power Corporation 
Frederick, Maryland 

 
 

1.0   INTRODUCTION 
 
The electric power industry in the United States is continuing to face an unsettled environment, 
marked by unprecedented high fuel (natural gas) prices, increased regulatory requirements on 
emission controls and waste management, security and non-proliferation issues (radiological 
materials), global warming concerns, and deregulation of the industry. In response to this 
environment, the Bush administration’s National Energy Policy calls for expanding nuclear 
energy in order to meet the future power demand and maintain energy security. The Department 
of Energy’s (DOE) Nuclear Power 2010 initiative is also supportive of building new nuclear 
plants in the coming decade. 
 
Implementing the regulatory demonstration activities specified in Nuclear Power 2010 is an 
important first step toward achieving the expanded use of nuclear energy. Demonstrating the 
effectiveness and flexibility of early site permitting represents the first key regulatory activity in 
this initiative.  
 
Last year, three electric utility companies announced their intention to proceed with a 
DOE/industry cost-sharing demonstration project – the Early Site Permit (ESP) application. 
Formal submittals of these three ESP applications to the NRC are planned for the third quarter of 
2003. 
 
This paper discusses the applicable regulatory process and the challenges for securing an ESP in 
the current regulatory environment. The discussions focus on re-defining a “Region Of Interest” 
for selection of candidate power plant sites, implementing methodologies which maintain 
flexibility in the proposed reactor technology, and utilizing existing facility information and 
infrastructures as the basis for sound decision-making on site suitability.  
 
2.0   APPLICABLE REGULATORY PROCESS 
 
The nation’s fleet of existing commercial nuclear power plants were licensed under the Nuclear 
Regulatory Commission (NRC) process commonly referred to as “Part 50” (Figure 1). The major 
difficulty in the Part 50 approach was that siting, design, and safety issues were often not fully 
resolved until after substantial investment had been made and the plant design essentially 
complete. The NRC’s new regulation, Part 52, has the potential to resolve these issues by 
providing early resolution of siting and design issues prior to commencement of construction, 
presumably enhancing the stability and predictability of the regulatory review and approval 
process.  
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Under Title 10, Energy, Code of Federal Regulations (10 CFR), the new Part 52 process consists 
of three major components: 
 

• Design Certification – NRC approval of the nuclear facility design. 
• Early Site Permitting – NRC approval of the site. 
• Combined License – NRC issuance of a combined construction permit and conditional 

operating license. 
 
Of the three major licensing processes under Part 52, only one has been demonstrated to date - the 
design certification process.   
 
Figure 1 provides a comparison of the previous Part 50 and the new Part 52 Licensing Process, 
which is more effective and flexible, and ensures the up-front involvement of all stakeholders. 
 

Figure 1   Licensing Process Comparison  

 
 
3.0   CHALLENGES IN PREPARING AN EARLY SITE PERMIT (ESP) APPLICATION 
 
A valuable feature of the Part 52 process is that an ESP is intended to demonstrate the suitability 
of the site for construction and operation of a nuclear power plant, not the acceptability of a 
particular plant design.  
 
Subpart A of 10 CFR Part 52 provides the requirements for an ESP. The complete ESP 
application does have to meet NRC requirements and guidance and any deviations from these 
requirements and guidance may add to the complexity and impact to the permitting review and 
approval process, as well as schedule. 
 
3.1   Major Parts of the Application   
 
Based on the requirements in 10 CFR 52.17, an ESP application can be divided into four major 
parts: 
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• Part 1. Administration Information - Provides an introduction to the application and its 
subparts. 

• Part 2. Site Safety Analysis Report (SSAR)- Describes the features of the new reactor 
design that interface with the site, identifies the capabilities of the design to withstand 
environmental and man-made hazards, and evaluates the expected and potential impacts 
of the design on the site. 

• Part 3. Environmental Report (ER)- Describes the environmental effects of construction 
and operation of the new reactor facility and evaluates alternatives. 

• Part 4. Emergency Response Plan - Provides a complete and integrated Emergency 
Response Plan for the new reactor facility. 

 
The following discussions focus on the technical areas where regulatory guidance is not provided or 
the referenced regulatory guidance is not applicable for preparing the SSAR and the ER of an ESP 
application. 
 
3.2   Format And Content / Guidance Documents 

Although the NRC believes the Part 52 licensing process is ready for use, there is no regulatory 
guidance document that specifically describes the format and content of an ESP application.  
Guidance for applicants on an acceptable approach for implementing the requirements for 10 
CFR Part 52 Subpart A can be found in the Industry Guideline For Preparing An Early Site 
Permit Application – 10CFR Part 52, Subpart A (Application Guide). The industry Application 
Guide provides applicants with detailed descriptions of the content, format, and legal 
requirements for the ESP application. 

A draft RS-002 Nuclear Reactor Regulation (NRR) Review Standard (RS), regarding processing 
applications for ESP, was issued by NRC in December 2002, for interim use and public comment. 
The objective of this review standard is to ensure that staff reviews of applications for ESP and 
the associated environmental reports are effective, efficient, and consistent, and that the reviews 
result in high-quality products. To the extent feasible, the ESP RS-002 clearly defines guidance 
and acceptance criteria for the staff to use to support a Commission determination on whether or 
not an ESP should be issued. 

The format and content of the ESP applications currently being prepared by the three utility 
companies, closely follow the format and content requirements provided in two NRC guidance 
documents: NUREG-0800, Standard Review Plan for the Review of Safety Analysis Reports for 
Nuclear Power Plants and NUREG-1555, Environmental Standard Review Plans. These two 
guidance documents are part of the regulatory basis for the draft RS-002. 

3.3   Plant Parameter Envelop – A Technology Neutral Approach 

Since an ESP is valid for 10 to 20 years and may be renewed for another 10 to 20 years, the goal 
of an ESP is to produce an approved site for the future development of a nuclear power reactor, 
without identifying a specific reactor technology.  
 
The set of parameters that are used to characterize a facility for selecting a site and developing an 
ESP application is called a Plant Parameters Envelope (PPE). The concept and the PPE used to 
define the plant-site were developed in the early 1990s based on work sponsored by the DOE and 
the nuclear industry, including reactor vendors and utilities.  The effort was intended to provide a 
comprehensive list of plant parameters that accurately characterize a plant’s requirements and 
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impacts at an undefined site.  Over time, the PPE listing has evolved to encompass a variety of 
information needed to support development of an ESP application. 
 
A PPE can be developed for a group of candidate facilities by selecting the most limiting 
parameter values among the group. The broader the envelop of candidate design characteristics 
represented in a composite PPE, the greater the conservatism.  
 
To ensure that future reactor types can be included on an ESP site, an overall and bounding PPE 
should be developed based on the attributes and needs of current and near-term nuclear 
technologies. The design concepts of these technologies differ by developer, but are all generally 
influenced by the following factors: 
 

• The need for improved economic performance.  
• Advanced safety, with increased reliance on passive safety concepts. 
• Progress toward a solution for disposal of high-level waste. 
• To a lesser extent, non-proliferation. 

 
The current advanced nuclear power plant designs for which developers have either applied for, 
or are expected to apply for, review by the NRC are listed below:   
 

• Advanced Boiling Water Reactor manufactured by General Electric (ABWR) 
• Enhanced Simplified Boiling Water Reactor being developed by General Electric 

(ESBWR)  
• AP-1000 Pressurized Water Reactor developed by Westinghouse Electric Company 
• ACR-700 Light Water Cooled reactor developed by Atomic Energy Canada Limited 
• International Reactor Innovative and Secure (IRIS) next generation Pressurized Water 

Reactor being developed by a consortium led by Westinghouse Electric Company 
• Pebble Bed Modular Reactor (PBMR) being developed by PBMR (Pty) Ltd.  
• Gas Turbine Modular Helium Reactor (GT-MHR) being developed by General Atomics. 

 
The following presents a case study on how the PPE concept was applied in a recent ESP 
application. 
 
In order to assure that the resulting PPE has the flexibility to envelop multiple reactor designs, 
these seven designs shown above were selected to provide a broad cross section of available 
reactors. In addition, to assure that the data presented in the PPE was adequate to envelop 
multiple plant designs, the same set of information was requested from the vendors of these 
designs. That information was compiled and bounding plant parameters were defined. The 
bounding parameters were selected as the single largest (or smallest) value for each 
category, based on engineering, safety and environmental conservatism.   
 
The PPE is not intended to be limited to these seven designs only, but rather to provide a broad 
overall outline of a design concept and to include other potential designs if they can be 
demonstrated to fall within the parameter values provided in the PPE. 
 
3.4 Alternative Sites Review 
 
The objective of the alternative site evaluation is to verify that there are no “obviously superior 
sites” for the eventual construction and operation of a new nuclear plant. 
 



© Bechtel Corporation 2003.  All rights reserved.   5 

As defined in NUREG-1555, the “Region of interest” (ROI) is the geographic area under 
consideration for selection of candidate sites for new nuclear generation. The ROI generally 
includes the state in which the proposed site is located, and/or the relevant service area for the 
proposed plant. “Candidate sites” are those sites that are within the ROI that are judged to be, 
from a comparative evaluation of sites, among the best that can reasonably be found for the siting 
of a nuclear power plant. “Alternative sites” are those candidate sites that are specifically 
compared to the proposed site to determine if there is an obviously superior site. 
 
Prior to deregulation of the power industry, alternative sites were typically located within a 
utility’s ROI, usually its service territory. Under deregulation, there is no regulatory structure in 
place to guarantee a return on investment and many of the decisions affecting the location of new 
plants are based on factors such as cost, ease of construction, and the ability to transmit the power 
to customers. The new power facility will have to operate in the competitive marketplace created 
by the Energy Policy Act of 1992 and subsequent actions by the FERC that impose open 
transmission requirements. These changes have fundamentally altered both the marketplace for 
electricity and the makeup of electricity generating companies. Thus, the decision for an ESP site 
is fundamentally a business decision, yet one that still must satisfy energy demands. This concept 
differs significantly from the NUREG-1555’s definition of ROI and its guidance regarding the 
identification of candidate sites as alternatives to the proposed site. 
 
The candidate site criteria described in NUREG-1555 are as follows: 

 
• Not pose significant issues that would preclude the use of the site for a nuclear power 

plant. 
• Not cause significant impacts or degradation of local natural resources on the site that 

would be created. 
• Not pose significant impacts to surrounding terrestrial and aquatic ecosystems. 
• Not to be located in proximity to major population centers. 
• Not affect site development costs significantly when compared to the alternative site(s). 

  
In developing a list of reasonable candidate sites, the initial review usually includes evaluation of 
multiple categories of sites including undeveloped sites (commonly known as “greenfield”), 
previously developed sites (commonly known as “brownfield”), federal facility sites, and existing 
nuclear power plant sites within the identified ROI.  The federal sites are considered under the 
assumption that such sites could accommodate new reactor technologies.  The use of existing 
nuclear power plant sites for new power generation have many obvious environmental and cost 
benefits. The review of generic greenfield and brownfield sites is made to ensure that there are no 
sites obviously superior to the proposed site.  
 
A generic greenfield site, or to a lesser extent a brownfield site, is generally not considered to be a 
reasonable candidate site for the following environmental reasons: 
 

• A large land area will need to be disturbed to build the new plant, which may cause large 
land use, ecological resources, aesthetics, and local transportation network adverse 
impacts. 

• New transmission lines and corridors may be needed to connect the new plant to the 
existing power grid, and local transportation routes and access roads may need to be built 
or upgraded. Such improvements could lead to additional land use, ecological, and 
aesthetic impacts. 
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• Sites in remote areas within the ROI may not have sufficient water resources and local 
transportation network to support a large power plant. 

• The socioeconomic impacts associated with plant construction and operation would be 
large for sites in rural areas due to the number of transient construction workers that 
would have to move into the area. 

• Site development costs for a greenfield site are substantial, especially with regard to 
building the required infrastructure and conducting the site characterization studies.  

 
• Finally, community acceptance of a new nuclear power plant in an area that is not 

familiar with its operational record is an unknown factor, which may impact the ability to 
finance a project. 

 
3.5 Optimum Utilization Of Existing Information And Infrastructures 
 
The special case provision noted in NUREG-1555, ESRP 9.3 (Subsection III(8)) states that a new 
facility can be located at an existing nuclear power plant site that was previously found to be 
acceptable from a National Environmental Policy Act (NEPA) review, and/or that had 
satisfactory environmental operating experience.  
 
There are obvious benefits offered by locating a new nuclear power plant at an existing nuclear 
site, as opposed to a non-nuclear site. These benefits are summarized as follows: 
 
Environmental Benefits 

• The environmental conditions and the environmental impacts of an existing nuclear 
station are assumed to be well known and adequately documented based on years of 
monitoring air, water, ecological, and other parameters.   

• Construction of new transmission corridors and the associated adverse environmental 
impacts and land acquisition processes may be avoided assuming the existing 
transmission system (lines and corridors) can accommodate the increased power 
generation.  

• The existing site has already been subjected to the alternative review process mandated 
by NEPA. 

• Extensive environmental studies have been performed during the original site selection 
process, which could be updated and used to support development of the new plant. 

 
Constructability and Cost Benefits 

• Site physical criteria, including primarily geologic/seismic suitability, have already been 
characterized at existing nuclear sites. 

• If the existing site can accommodate the new plant and the transmission line systems do 
not need to be upgrade, no additional land acquisitions are necessary. 

• Plant construction, operation, and maintenance costs are reduced because of existing site 
infrastructure (e.g., roads, transmission lines, water source, intake/discharge system). 

 
Other Benefits 

• The existing sites have nearby power markets. 
• Existing nuclear plants are likely to have gained local community acceptance and 

support. 



© Bechtel Corporation 2003.  All rights reserved.   7 

• Existing nuclear sites have personnel having relevant nuclear experience.  
 
4.0   CONCLUSIONS 
 
The key feature of the ESP process is that it provides a way to demonstrate the suitability of a site 
for construction and operation of a nuclear power plant without having to define and evaluate the 
acceptability of a particular plant design.  
 
Composite PPEs are used to describe a range of plant types and to use the most limiting value for 
each parameter. This overall and bounding PPE approach, based on a spectrum of advanced 
nuclear power plant designs, enables an ESP site to be approved for the future development of a 
nuclear power reactor without identifying a specific reactor technology. The amount of 
conservatism inherent in the composite PPE may have implications regarding the selection and 
suitability of specific sites as well as the applicability of the ESP once the actual facilities are 
selected. Thus, this PPE approach may lead to generation of a restrictive and costly plant designs. 
Consequently, the determination of the PPE must take engineering, economic and environmental 
consequences into consideration. 
 
The concept of defining the “Region-Of-Interest” to support identification of candidate sites and 
alternative sites in the ESP application is significantly different from that envisioned in NUREG-
1555. Since the decision for an ESP site is fundamentally a business decision. NRC acceptance of 
the new concept could add new uncertainties to the permitting process. 
 
Although a special case provision is provided in NUREG-1555 that allows a new proposed 
facility to be developed at an existing nuclear power plant site, justifications must be fully 
prepared to support the site proposal. Since an existing nuclear power plant site has been 
previously found to be acceptable from a NEPA review perspective, the permitting process for a 
proposed site at an existing nuclear plant site should be streamlined, assuming the existing plant 
has demonstrated satisfactory environmental operating experience. 
 
Finally, summary reports to DOE that document the lessons learned, resource requirements, 
recommended changes to industry and NRC guidance, and other related comments regarding the 
ESP demonstration process are expected from each of the three ongoing ESP projects in the near 
future.  
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3.2 
 

Paul Fransioli 
 

Yucca Mountain Update 
 

In 1982, the Nuclear Waste Policy Act (NWPA) established national policy for the disposition of 
high-level radioactive waste and commercial spent nuclear fuel. 
 
In 1987, the NWPA as amended eliminated all sites but Yucca Mountain to be characterized for 
a potential repository. 
 
In 1996, Congress directed the Department of Energy (DOE) in the Energy and Water 
Development Appropriations Act of 1997 to provide a viability assessment of the Yucca 
Mountain site. 
 
This is an update of the current status and future plans for the Yucca Mountain project. 
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Energy Sources for U.S. Electricity and 
Spent Fuel Statistics

Or, spent fuel is stored in above-ground 
dry casks

Spent fuel is stored in large pools of water 
to shield its radioactive properties

• Nuclear power plants are producing about 
20% of the electricity in the U.S. 

– 72 plant sites with spent fuel 
– 5 DOE sites with spent fuel 
– 39 states with spent fuel 
– 47,000 metric tons of spent fuel exist in 2003 
– 119,000 metric tons of spent fuel projected by 2035
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Geologic Disposal Addresses 
Multiple Missions

Commercial
Spent Nuclear 

Fuel

Disposition of 
Naval 

Reactor Spent 
Nuclear Fuel

Support of 
Nonproliferation 
Initiatives, e.g. 

Disposal of DOE  
Foreign Research 

Reactor Spent 
Fuel

Defense Complex 
Clean-Up

Locations of Spent Nuclear Fuel and
High-Level Radioactive Waste
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* Current Schedule

1957
NAS supported 
deep geologic 

disposal

1987
Congress limits 

Characterization to 
Yucca Mountain

1992

Energy Policy Act 
sets EPA standard 

process

2002
President recommends, 

Congress approves 
Yucca Mountain

1982

Congress 
passes Nuclear 

Waste Policy Act

2010*
Begin receipt & 
emplacement of 

spent nuclear fuel 
and high-level 

radioactive waste

2004*

Submit License 
Application to 

NRC

Congress Created a Legal Obligation to 
Dispose of Nuclear Waste

• 1982 - Nuclear Waste Policy Act (NWPA) established national policy 
for the disposition of high-level radioactive waste and commercial 
spent nuclear fuel

• 1987 - NWPA as amended eliminated all sites but Yucca Mountain to 
be characterized for a potential repository

• 1996 - Congress directed the Department of Energy (DOE) in the 
Energy and Water Development Appropriations Act of 1997 to provide 
a viability assessment of the Yucca Mountain site
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Action required by:

Secretary/President         Congress          NRC

In
creasin

g
 C

o
n

fid
en

ce

Environmental
Assessment

Site 
Recommendation

2002

Comprehensive basis, 
including DOE Environmental 

Impact Statement, Site 
Suitability Evaluation

License
Application

Updated License
Application

Applications for
Amendments

(Include Performance
Confirmation Results)

YM only site
to be characterized

1987

Site Designation

2002

Construction
Authorization

(2007)

License to
Receive & Possess

Waste (2010)

Amendments to 
Close

Terminate License

12/2004

NRCNRC--DefinedDefined
Licensing DecisionsLicensing Decisions

NWPANWPA--DefinedDefined
Policy DecisionsPolicy Decisions

Step-Wise Decision Process
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Annual Budget (1995-2003)

FY 95
Approp.

FY 96
Approp.

FY 97
Approp.

FY 98
Approp.

FY 99
Approp.

FY 00
Approp.

FY 01
Approp.

FY 02
Approp.

FY 03
Approp.

FY 04
Request

$532M

$630M

$400M $380M $380M
$409M

$438M $445M

$591M $591M

$-

$100

$200

$300

$400

$500

$600

$700

Dollars in 
Millions

Appropriated Yucca Mountain Site Characterization Funding

Appropriated Storage & Transportation Funding
QA/Systems/Program Mgmt. Funding
FY Budget Request

$522M

(72%)

$375M

(11%)

$57M

(17%)

$90M

$315M

(80%)

$250M

(4%)

$14M
(16%)

$51M

$382M

(78%)

$299M

(3%)

$10M
(19%)

$73M

$346M

(78%)

$268M

(2%)

$6M
(20%)

$72M

$354M

(79%)

$282M

(0.5%)

$2M
(19%)

$70M

$351M

(80%)
$281M

(0.5%)

$2M
(19%)

$68M

$390M

(80%)

$313M

(0.6%)

$2.7M
(19%)

$74.2M

$375M

(79%)

$297M

(1%)

$4M
(19%)

$74M

$457M

(81%)

$368.3M

(2%)

$9.4M

(17%)

$79.3
0



Project Regulators and Oversight 

RegulationRegulation

•• Nuclear Regulatory CommissionNuclear Regulatory Commission

•• Environmental Protection AgencyEnvironmental Protection Agency

•• Department of TransportationDepartment of Transportation

OversightOversight

•• Federal Government Federal Government 

–– General Accounting OfficeGeneral Accounting Office

•• State/Local GovernmentState/Local Government

•• Other StakeholdersOther Stakeholders

ReviewReview

•• National Academy of SciencesNational Academy of Sciences

•• Nuclear Waste Technical Review Nuclear Waste Technical Review 
BoardBoard

•• Advisory Committee on Nuclear Advisory Committee on Nuclear 
WasteWaste
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Location of Yucca Mountain, Nevada

• 100 miles northwest of Las Vegas in 
Nye County

• Located on western boundary of the 
Nevada Test Site, a DOE facility

Counties designated as Affected 
Units of Local Government

HUMBOLDT
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MINERAL
COUNTY

STOREY

LYON

ESMERALDA
COUNTY LINCOLN

COUNTY

CLARK
COUNTY

LAS
VEGAS

INYO COUNTY
CALIFORNIA

NELLIS
AIR FORCE

RANGE

NV
TEST
SITE

YUCCA
MOUNTAIN

CARSON 
CITY

DOUGLAS
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Yucca Mountain Surface at Exploratory 
Studies Facility Portals

North Portal

South Portal
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Repository Reference Design Concept
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• Wet Handling for CSNF
• Single large building 

• 5 transfer lines

• Wet Handling for CSNF 
• Single large building 

• 3 transfer lines

• 5,000 MTHM blending 
pools (to accommodate 
thermal blending)

• Dry Handling
• Multiple buildings 

• Small pool for off-
normal waste

• Phased construction

• Dry cask aging

SR Design Conceptual DesignVA Design

Surface Facility Evolution
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Subsurface Repository Evolution

• 92 ft Drift Spacing
• Above Boiling Temperature 

in Rock Pillar
• Single Level
• Minimal Ventilation

• 266 ft Drift Spacing
• Sub-boiling Temperature in 

Rock Pillar
• Two Level
• Robust Ventilation with 

Allowance for Natural 
Ventilation

• 266 ft Drift Spacing
• Sub-boiling Temperature in 

Rock Pillar
• 5 Panel - Two Levels
• Robust Ventilation

VA Design SR Design Conceptual Design
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Repository System
Natural and Engineered Barriers

Surficial soils and 
topography

Unsaturated rock layers 
overlying the repository

Unsaturated rock layers 
below the repository

Invert below the waste packages
Waste form

Spent fuel cladding

Waste package

Drip shield above the waste packages

Volcanic tuff and 
alluvial deposits below 
the water table
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• Studies have been ongoing to determine how wet the Yucca Mountain area 
has been in the past.  Results indicate the surrounding environment 
probably received a maximum of 12 inches of annual rainfall on average 
sometime in the past 10,000 years.  Studies indicate the area will receive no 
more than this in the next 10,000 years.

Climatology and Meteorology
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Waste Package Evolution

• VA Design

– Outer Barrier Carbon Steel

– Inner Barrier Alloy C-22

– 18 kW Power Limit

• SR and Conceptual Design

– Outer Barrier Alloy C-22 

– Inner Barrier Stainless Steel

– 11.8 kW Power Limit
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Emplacement Operations
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Cutaway of a Drift with Three Types 
of Waste Packages
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Transportation
• Spent nuclear fuel shipments in the U.S. carry impressive 

safety record
– Over 3,000 shipments in the U.S. during the past 30 years

– 738 Navy container shipments, traveling over 1 million miles since 1957 

– There has never been a release of radioactive material harmful to the 
public or the environment

• Waste Isolation Pilot Plant (WIPP) has completed more than 
1,990 shipments as of September 2003

• NRC and DOT regulations govern all aspects of nuclear waste 
transportation

• Emergency responders would be trained prior to shipments

• More than 70,000 metric tons of spent nuclear fuel have already 
been shipped safely in densely populated Europe; France and 
Britain average 650 shipments per year 
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* All totals are approximate & based on 70,000 metric tons

Mostly Rail
(Preferred Option Final Environmental Impact Statement)

• Total 24-year shipping campaign*:

– 3,215 train shipments (3 casks per train)

– 1,079 truck shipments

• Annually:

– 130 train shipments

– 45 truck shipments

– 175 total shipments

• To date, no rail or highway routes have been selected



Rail Cask



Legal Weight Truck Cask
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Rail Routes Analyzed in the Final 
Environmental Impact Statement 
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States and tribes can designate alternative preferred routes per
U.S. Department of Transportation regulations.

Highway Routes Analyzed in the Final 
Environmental Impact Statement
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Nevada Routes 
Analyzed in the 

Final Environmental 
Impact Statement -

Rail 
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Transportation Under the Nuclear Waste 
Policy Act

• DOE must use private industry to the fullest extent 
possible in each aspect of transportation. 

• Transportation casks must be certified by the NRC.

• DOE must notify each state governor or designee 
prior to transportation through their jurisdiction.

• DOE must provide technical assistance and funds 
for training in emergency response and safe, 
routine transportation procedures.

• All shipments will be made in accordance with 
Department of Transportation (DOT) and NRC 
regulations.
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Outreach Programs
(FY 2002)

• Tours - 299 tours briefing 6,938 visitors, including six public open-house 
tours per year

• Exhibits - 32 meetings/conferences/civic events engaging 12,245 people

• Speakers Bureau - 133 presentations reaching 7,895 people

• Inquiries - 8,492 calls & 1,464 e-mails and letters

• Documents - 1,130 requests for 18,511 products

• Science Centers - three Nevada locations with 11,829 visitors

• Education - multiple Nevada events reaching 17,866 students, teachers 
and parents

• Web site - OCRWM Internet web site accessed 639,077 times by 
visitors from around the world

• Media Interactions/Communications Support - The project has 
hundreds of media interactions each year; 39 site tours for 72 news media 
outlets conducted in FY 2002

P_General Briefing_08/01/03                         26
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Newly Designed User-Friendly Web Site
• YMP web site - www.ocrwm.doe.gov - reaches global audience
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28

• All offer the public Internet access to Yucca Mountain Project web site: 
www.ocrwm.doe.gov

– Las Vegas Science Center, 
4101-B Meadows Lane

– Pahrump Science Center, 
1141 S Highway 160

– Beatty Science Center and Distribution Center, 
100 North E Ave. 

Three DOE Science Centers in Nevada 
Provide Access to Project Information
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QUESTIONS?



 

3.3 
 

Doyle Pittman 
 

Private vs. Federal MET Services – Update from AMS ad hoc 
committee 

 
A committee of the National Research Council completed a study in 2002 of academic - private 
– public partnerships (Fair Weather – Effective Partnerships in Weather and Climate Services). 
 
This presentation is an update of follow-up issues involving the American Meteorological 
Society (AMS). 
 

 



1

1

Update from American Meteorological 
Society Ad Hoc Committee 
on
Private and Public Weather Services

Doyle Pittman
Tennessee Valley Authority
October 10, 2003

2

Background
o Long history of tension between private and 

public sectors on provision of weather and 
climate services

o In recent years, universities have also become 
involved

o A committee of the National Research 
Council completed a study in 2002 of 
academic - private – public partnerships (Fair 
Weather – Effective Partnerships in Weather and Climate 
Services)
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3

NRC Report Conclusion
o Prudent public policy must be based on the assumption that 

rapid advances in scientific understanding and technology 
will continue.

o The changes make it inadvisable to define sharp boundaries 
for what each sector can and cannot do.  Indeed, such 
prescriptions would be obsolete and ineffectual before they 
could be promulgated.

o Instead, the public, private, and academic sectors must work 
diligently to improve the processes and mechanisms by which 
they will deal with the problems and differences that are 
certain to arise.

4

NRC Recommendation
o The NRC report contained about a dozen  

recommendations, one of which states that 
these parties should seek a:

"...neutral host, such as the American 
Meteorological Society, to provide a periodic, 
dedicated venue for the weather enterprise as 
a whole to discuss issues related to the public-
private partnership."
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5

AMS Executive Committee Charge

o . . . ascertain the level of enthusiasm for the 
alternatives of a relatively passive versus a 
relatively proactive AMS response to the 
NRC report; and 

o develop a set of optional responses, with pros 
and cons, for the EC to consider.

6

Ad Hoc Committee
o The AMS Executive Committee created this 

committee in July 2003 with the following structure:
n Chair
n Academic Members
n Private Sector Members
n Public Sector Members
n User’s Representatives
n Non-Government Organization
n Ex Officio



4

7

Ad Hoc Committee continued
o Consists of 21 members
o Matt Parker is a private sector rep.
o Doyle Pittman is a user rep.- energy sector
o Meeting by teleconference only
o AMS set up a list server to facilitate 

communication
o Complete work this fall – EC act in Jan. 04

8

User Input
o Committee very interested in hearing from the 

user community:
o Solicited input from NUMUG list server
o Received 14 responses
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9

Receipt of information from the 
weather community?
o Prefer an electronic means:
n Website
n E-mail
n Newsletter (Check out AboutWeather

http://www.mqinc.com/aboutwxstart1.htm)

10

Do you get the information you want?
o Yes, but have to do some hunting 
o Don’t always get it in a timely manner
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Aware of product 
developments/enhancements?
o NO
o AMS serve as clearinghouse 

12

Other thoughts?
o Cost to AMS
o Is AMS a neutral host?
o Information overload
o AMS should not facilitate between sectors
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13

Possible Directions
o AMS host an open forum for all sectors at annual 

and regional meetings
o AMS provide communication opportunities such as:

n Web site
n Newsletter
n Reports

o Form a new Commission in the AMS or add a Board 
in an existing Commission.

o Annual partnership workshop.



 

3.4 
 

Matt Parker 
 

Overview of CCM Program & National Council of Industrial 
Meteorologists 

 
Presentation includes overviews of the Certified Consulting Meteorologist (CCM) program—
including recent changes by the Ad Hoc Committee on the Continuing Professional 
Development of CCMs—and on the National Council of Industrial Meteorologists. 
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Overview of the AMS CCM 
Program and the National 

Council of Industrial 
Meteorologists

Matthew J. Parker, CCM
Savannah River Technology Center

Westinghouse Savannah River 
Company

Aiken, South Carolina

Why Become a CCM?

• Career goal
• Prestige
• Profession of meteorology

Process
• Application (criteria) and fee
• References
• Written Test
• Oral Exam

– Pop Quiz

• Process
– Fair
– Be honest
– Not just what you know, but who you are

Changes to the CCM Program?

• Relatively Minor
• Tracking professional development
• Marketing strategy
• Awaiting final approval by AMS

NUMUG / ANS/ANSI 3.11 
CCMs

Marsh--Present BCCM Chair 
Fransioli --Past BCCM Chair
Mazzola--Past BCCM Chair

Keener, Gouveia, Caiazza, Kinley, Swanson, Baskett , Harvey,
Baxter, Foltman, Falconer, Derezotes, Brennan, Krivo,

Vigeant, Haynes, Irwin, Parker, (Bellinger), ((Lockhart))
Others???

National Council of Industrial 
Meteorologists

• Mission Statement
• History
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NCIM Objectives

• Private Sector Representation
• Professional certifications (CCM)
• Position Papers
• Education
• Strong ties to the AMS and NWS
• Networking

Meetings

• Annual Meeting in June
– Tours
– Business Meeting
– Changes?

• Mid-year at Annual AMS Meeting
– Timing with other events
– Encourage new members

Winds of Change

• Membership demographics have changed
• New Associate Membership category
• Implementing changes to better respond to 

today’s needs

National Council of Industrial 
Meteorologists

• President--Matt Parker
• President Elect--John Toohey-Morales
• Jill Hasling--First Past President
• Jim Block--Second Past President
• George McVehil--Secretary
• Paul Derezotes --Board of Directors
• Tom Henderson--Board of Directors



 

3.5 
 

Tom Bellinger 
 

Replacing a Dial-up Weather System 
with a Web-based Weather Page 

 
In the late 1980's and early 1990 we used Wxview+ to download various weather products 
(satellite photos, radar images, loops) and forecast information.  At previous NUMUG meetings, 
I have shown numerous Doppler radar loops of lake breeze using this software. 
 
When we upgraded our in-house computers from DOS to Windows 3.1, Wxview+ handled the 
upgrade well.  But when we upgraded our computers again to Windows NT, Wxview+ had 
problems and we had to migrate to the Weather for Windows software.  Using Weather for 
Windows was adequate for our emergency response needs, but was cumbersome for me to use 
when trying to store Doppler radar loops to document lake breezes and other interests. 
 
When we upgraded to Windows XP, Weather for Windows did not handle the upgrade well.  
Since the internet has so many good free weather products and I was using WSI less and less, I 
thought it was time to bite the bullet, save the $7500/year, and obtain or develop some method of 
gathering internet weather products myself.  Since other responders in our organization are not 
meteorologists, I did not want to have a bunch of bookmarks that the user could select to obtain 
products.  I searched the internet for various shareware that did some menu selectable 
downloads, but none were satisfactory for my needs.  So I began my initial adventure writing 
HTML code to gather the data we needed. 
 
For your use, I have included all the HTML code, PowerPoint files, and graphics about my 
weather page for you on the NUMUG meeting CD.  Feel free to modify them to fit your local 
site needs. 
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Tom Bellinger
Illinois Emergency Management Agency

1035 Outer Park Drive
Springfield IL 62704

bellinger@iema.state.il.us

Replacing a
Dial-up Weather System 

With a Web-based
Weather Page

WSI Wxview+ (Win 3.1)

Weather for Windows (Win NT)

Cost: ~$7500-8000/year
for WSI connect time

What We Used to Have

Some examples of
WSI products

that were available with 
Weather for Windows
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A brief tour of the IEMA
Web-Weather page

Mouse click
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glenn.rolph@noaa.gov

greenfield2@llnl.gov]
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N Abrams Mark J. Technical 
Manager

ABS Group, Inc. 7315 Wisconsin Ave, Suite 620 
East

Bethesda MD 20814 (301) 907-9100 x204 mabrams@absconsulting.com X X X X X X X

Adachi Takashi Research Department,
Japan Weather Association

Sunshine 60 Bldg. 55F, 3-1-1 
Higashi-Ikebukuro, Toshima-Ku

Tokyo Japan 170-6055 Japan fax:
81-3-5958-8157

t.adachi@jwa.or.jp 

Addis Robert P. Group Manager Westinghouse Savanah River Co. SRTC, Bldg. 773-A Aiken SC 29808 (803) 725-3325 robert.addis@srs.gov X X X
Bach Charles Tennessee Valley Authority PO Box 1010, CTR 1D Muscle Shoals AL 35662-1010 (205) 386-3783 clbach@tva.gov X X X
Balstad James P. Cemistry Spec First Energy Corp, Perry Power Plant 10 Center Rd Perry OH 44081 (440) 280-5515 JPBalstad@firstenergycorp.com X X X X

new 4/02 Barbour John K. (Kip) I&C Sys Engr AmerenUE - Callaway Plant PO Box 620, CA-460 Fulton MO 65251 (573) 646-4342 jkbarbour@cal.ameren.com X
N Baskett Ron Lawrence Livermore National 

Laboratory
P O Box 808 (L-103) Livermore CA 94551 (510) 423-6731 rbaskett@llnl.gov X X

Baxter Robert Program 
Manager

Parsons Engineering Science, Inc. 100 West Walnut Street Pasadena CA 91124 (626) 440-6181 rabaxter@earthlink.net X

new 4/02 Begley Tom Env Meteoro. Murray and Trettel, Inc. 414 West Frontage Rd. Northfield IL 60093 (847) 446-7800 x142 mt@weathercommand.com X
N Bellinger Thomas NS Scientist I Illinois Dept of Nuclear Safety 1035 Outer Park Dr. Springfield IL 62704 (217) 785-6984              

(217) 785-9882
bellinger@idns.state.il.us X X X X X X

Bennett Christine AlphaTRAC 8670 Wolff Court, Suite # 120 West Minister CO 80030 (303) 428-5670 cbennett@alphatrac.com
New 7/03 Boateng Kwabena Engineering Catawba Nuclear Station; Duke Power (803) 831-3019 knboateng@duke-energy.com

Boesinger Jackie Commercializn. 
Mgr

Power Gen. & Tech. Sensors,          GE 
Energy Services

8499 Darrow Road Twinsburg OH 44087-2398 (330) 962-2483               
fax 509-692-9509

jackie.boesinger@ps.ge.com X

Bond Shawn Safety Analysis Engr.Bechtel Hanford, Inc. 3350 Geo. Washington Pkwy. Richland WA 99352 509-372-9437 slbond@bhi-erc.com X
new 3/03 Bowen Brent

Meteorologist LLNL
Env.Prot.Dept./ TAMM, L-629 
/P.O.Box 808 Livermore CA 94551 (925) 422-6850 bowen6@llnl.gov

Brennan Pat President, CCM Meteorological Evaluation Services 165 Broadway Amityville NY 11701 (516) 691-3395 pbrennan@mesamity.com X X X
update 2/02 Buckley Ricky Entergy Operations, Inc. Echelon One, P.O. Box 31995 Jackson MS 39286-1995 (601) 368-5000 rbuckle@entergy.com

Carlson Thomas Exec VP Environmental Systems Corp. 200 Tech Center Drive Knoxville TN 37912 (423) 688-7900 esccorp@envirosys.com
Carroll Mark T. Exec VP Murray and Trettel, Inc. 414 West Frontage Rd. Northfield IL 60093 (847) 446-7800 x130 mt@weathercommand.com X X X
Cassella Victor A. Meteorologist Brookhaven National Lab Building 51 Upton NY 11973 (516) 344-2271 cassella@bnl.gov X X X X
Chamberlain John Engineering 

Analysist
Vermont Yankee Nuclear Power Corp. P.O. Box 157 Vernon VT 05354 (802) 258-5450 jchamb4@entergy.com X X

Clark Lucius Sr. Staff Health 
Phys

Public Service Electric & Gas Co. P.O. Box 236, Mail Code N44 Hancocks Bridge NJ 08038 (856) 339-2436 lucius.clark@pseg.com

Clawson Kirk L. Dep. Dir. & Res. 
Meteorologist

NOAA/ARL Field Research Div. 1750 Foote Drive Idaho Falls ID 83402 (208) 526-2742 Kirk.Clawson@noaa.gov X

new 5/03 Crescenti Gennaro 
(Jerry )

FPL gennaro_crescenti@fpl.com

Dagle W. R. (Bud) VP R&D Applied Technologies, Inc. 1120 Delaware Ave Longmont CO 80501 303-684-8722 bud@apptech.com X
new 3/02 Derezotes Paul N. Meteorologist Sargent & Lundy 55 East Monroe Chicago IL 60603 312-269-6613 paul.n.derezotes@sargentlundy.com X

U Dewart Jean M. Los Alamos, AQ Group MS J978   ESH-17 Los Alamos NM 87545 (505)665-0239 dewart@lanl.gov
Dudley Kirk Florida Power & Light - Land Utiliz. 9760 SW 344th St Homestead FL 33035 (305)246-6757 kirk_dudley@fpl.com

change 2/02 Dukarski Tim Omaha Public Power District P.O. Box 399 Ft. Calhoun NE 68023 (402) 533-7126 tdukarski@oppd.com
new 4/02 Evans Ken Emerg Planner Illinois Dept of Nuclear Safety 1035 Outer Park Dr. Springfield IL 62704 (217) 557-1883 evans@idns.state.il.us X
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N Fransioli Paul Air Q Met. Bechtel SAIC Co., LLC 1180 Town Center Drive Las Vegas NV 89144 (702) 295-5034 paul_fransioli@ymp.gov X X X X X
Galletta Thomas A. Site Meteorol Constellation Nuclear - Nine Mile Point 

Nuclear Station LLC
450 Lake Road Oswego NY 13126 (315) 349-2715 Thomas.Galletta@nmp.cn.com X X X X X X X X

S Gilmore David Climatronics Corporation 140 Wilbur Place, Airport 
International Plaza

Bohemia NY 11716 dgilmore@climatronics.com

Glantz Cliff Staff Scientist Pacific Northwest Nat'l. Lab PO Box 999 Richland WA 99352 509-375-2166 cliff.glantz@pnl.gov X X
N Gouveia Frank Meteorologist Lawrence Livermore National 

Laboratory
PO Box 808, L-629 Livermore CA 94551-0808 (925) 423-2052 gouveia2@llnl.gov X X

Govern Kathleen President Operations Management Group 615 Second Ave, Ste. 680 Seattle WA 98104 (206)622-4825 kathleen_govern@omgseattle.com X
Haas Bill see Wilkerson wjh@metsolution.com

N Hamberger Wayne Meteorologist Tennessee Valley  Authority 400 Summit Hill Dr.  (WT 9C) Knoxville TN 37902-1499 (615) 632-4222 lwhamber@tva.gov X X X X
N Harvey Brad Meteorologist NRC (301) 415-4118 RBH@nrc.gov X X X X X X X X

Hasenkamp-Chasen Hope Sr. Envion. Spec. Nebraska Public Power District 1414 15th Street Columbus NE 68601 (402) 563-5864 hchasen@nppd.com X X

N Hayden Marvin Davidson NC hayden4m@bellsouth.net X X X X X X X X
Haynes Eldewins Duke Power 13339 Hagers Ferry Rd Huntersville NC 28078-7929 (704) 875-5940 emhaynes@duke-energy.com X

N Heistand Ralph Environmental 
Engineer

Florida Power & Light Co P.O. Box 1565 Homestead FL 33090 (305) 246-6166 ralph_heistand@fpl.com X X

new 6/03 Hickey Frank Chemistry Group Susquehanna Steam Electric Station fjhickey@pplweb.com

Hinckley Alan Applic Engr, Met.Campbell Scientific, Inc. 815 W. 1800 N. Logan UT 84321-1784 435-753-2342 alan@campbellsci.com X
new 3/03 Hodgin Reed AlphaTRAC 8670 Wolff Court, Suite # 120 West Minister CO 80030 info@alphatrac.com

Hohman Jim Radiological 
Officer

Oswego County 200 N. 2nd Street Fulton NY 13069 (315) 591-9150 jimh@co.oswego.ny.us

Hoitink Dana Battelle-PNNL P.O. Box 999,  MSIN: K9-30 Richland WA 99352 (509) 372-6414 dana.j.hoitink@pnl.gov
Holian Jim O. Sr. Meterolog. SAIC 20201 Century Blvd, 3rd floor Germantown MD 20874 (301)353-8352 james.o.holian@saic.com X X X X X

N Hood Gregory L. Sr. Env Spec Entergy Oper. Inc. - Waterford 3 P.O. Box B Killona LA 70066 (504) 464-3267 ghood@entergy.com X
Hunter Charles Principal 

Meteorologist
Westinghouse Savannah River Co. Building 773-A Aiken SC 29808 (803) 725-2953 chuck.hunter@srs.gov X

Iosso Keith Sr. Software EngrCoastal Environmental Systems 820 1st Ave S Seattle WA 98134 206-521-1383 kiosso@coastalenvironmental.com X
Add from 
Tom B.'s 
list; 6/03

Kay D

TXU dkay1@txu.com
N; S Katz David I. Regional Sales 

Manager
Climatronics Corp 2865 S. Eagle Rd., Suite 369 Newtown PA 18940-1567 (215) 579-4292 dkatz@climatronics.com           

dkatz9@erols.com
X X X X X

Keener Nick Duke Energy 9700 David Taylor Dr. Charlotte NC 28262 (704) 594-0289 rnkeener@duke-energy.com X X X X X X
N Keller Chuck Met., 

Assessment & 
Evaluation Chief

New York State Emergency 
Management

1220 Washington Av. Suite 101 Albany NY 12226 (518) 457-9943 charles.keller@semo.state.ny.us X

Kelly Pat VP, Sales & 
Marketing

Coastal Environmental Systems 820 First Ave. South Seattle WA 98134 (206) 682-6048, x104 pkelly@coastalenvironmental.com X X

N Kinley Marsha Meteorologist Duke Energy P. O. Box 1006 Charlotte NC 28201-1006 (704) 373-7896 mckinley@duke-energy.com X X X X X X
new 7/22 Klausmann Al (Alfred) EarthTech alfred.klausmann@earthtech.com
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Knapp Mark Sci., Group 
EH&S

Duke Power 13339 Hagers Ferry Rd Huntersville NC 28078-7929 (704) 875-5936 maknapp@duke-energy.com X

Krivo Stan J. US EPA Region 4 Atlanta Fed. Bldg., 61 Forsyth 
Street

Atlanta GA 30303 (404) 562-9123 krivo.stanley@epamail.epa.gov X X X

fsnew email 7/03Leavitt John DOM ?? sleavittmusic@earthlink.net X X X X
new 5/02 Lebeis Mike Detroit Edison Company lebeism@dteenergy.com

Lin Yi Jen Bechtel Power Corp. 5725 West View Drive Frederick MD 21703-8306 (301) 228-7642 ylin@bechtel.com X
Lindsey John C. Marine 

Meteorologist
Tenera Environmental                           
(Diablo Canyon Ocean Lab)

768 El Morro Ave. Los Osos CA 93402 (805) 528-7297 jcl5@pge.com X

Lu Danny YSA Corporation Route 4 Box 81-A Santa Fe NM 87501 (505) 989-7351 ysa@ysasoft.com
Lyons Walt FMA Research Inc 46050 Weld County Rd 13 Ft. Collins CO 80524-0000 (970) 568-7664 walyons@frii.com X
Marsh Stan Sr. Env 

Specialist
Southern California Edison 2244 Walnut Grove Rosemead CA 91770 (626) 302-9711 marshsl@sce.com X X X X X X X

N Mazzola Carl Sr. Technology 
Specialist

Stone & Webster Engineering 
Corporation

4163 Hamond's Ferry Rd. Evans GA 30809 (706) 650-0939 carl.mazzola@shawgrp.com X X X

McCarthy Ed Consulting 
Meteorologist

Pacific Gas & Electric Co. 3400 Crow Canyon Rd. San Ramon CA 94583 (925) 866-5956 efm5@pge.com

N McDonald John Washington Public Power Supply 
System

P.O. Box 968, Mail Stop 1025 Richland WA 99352-1617 (509) 372-5000 jemcdonald@energy-northwest.com X X

McMullen Matthew Wolf Creek Nuclear Operating Corp. P.O. Box 411 Burlington KS 66839
Meier Leo South Texas Project 361-972-7555 lmeier@stpegs.com
Merrifield Tom Technical 

Director Met One Instruments
1600 Washington Blvd. Grants Pass OR 97526 (541) 471-7111 Metone@Metone.com X

N Mighells Charles RM Advisor, Sr. Arizona Public Service P.O. Box 52034 Phoenix AZ 85072-2034 (623) 393-6496 cmighell@apsc.com X

Olsen William A Los Alamos, AQ Group MS K490   ESH-17 Los Alamos NM 87545 (505)667-7049 wao@lanl.gov
New_8/03 Osborn Harold AmerenUE - Callaway Plant Fulton MO 65251 haosborn@cal.ameren.com

N Parker Matthew Principal 
Meteorologist

Westinghouse Savannah River Co Bldg 735-7A Aiken SC 29808 (803) 725-2805 matt.parker@srs.gov X X X X X X X X

Parks Barry U.S. Dept of Energy SC-83/GTN, 19901 Germantown 
Road

Germantown MD 20874-1290 (301) 903-9649 barry.parks@science.doe.gov

Paukowits Carrie-Ann Met., Air Compl. Meterological Evaluation Services 165 Broadway Amityville NY 11701 (516) 691-3395 cpaukowits@mesamity.com X

new 4/02 Paynter Dale Sr Anlayst/Prog Operations Management Group 615 Second Ave, Ste. 680 Seattle WA 98104 (206)622-4825 dale_paynter@omgseattle.com X
update 2/02 Peterson John Met/ chemistry Nor. States Pwr Co. - Monticello 2220 116th St., NE Monticello MN 55362 763-295-1304 john.peterson@nmcco.com

N Pittman Doyle Prog Mgr Tennessee Valley Authority 1101 Market St, BR 3F Chattanooga TN 37402 (423) 751-8097 depittman2@tva.gov X X X X X X X X
new 7/03 Pitts Jesse Southern Company jcpitts@southernco.com

Plugis Jeffrey Vice President EdgeTech 455 Fortune Blvd Milford MA 01757 508-478-9500 plugis@edgetech.com X
Randerson Darryl Director ARL/SORD P.O. Box 94227 Las Vegas NV 89193 (702) 295-1231 randerson@nv.doe.gov X X
Recla Dennis Sr. Syst. Engr Met One Instruments 1600 Washington Blvd Grants Pass OR 97526 541-471-7111 drecla@metone.com X X
Reed Mac Sr. Env. 

Specialist
EOI - River Bend Station P.O. Box 220, 5485 U.S. Hwy 61 St. Francisville LA 70775-0220 (225) 381-4781

mreed3@entergy.com 
new 07/02 Risch Dan Sr. Meteorol. Meteorological Solutions, Inc. 2257 South 1100 East, Ste 203 Salt Lake City UT 84106 (801)474-3826 gww@metsolution.com
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N Robinette Melinda Sys Engr EOI - River Bend Station PO Box 220, 5485 US Hwy 61 St. Francisville LA 70775-0220 (225) 381-4499 mrobine@entergy.com X
new 02/02 Sell Jeff Technician Perry Nuclear Plant - First Energy 10 Center Rd. North Perry OH 44081 (440)280-5225 jbsell@firstenergycorp.com X
Add from 
Tom B.'s 
list; 6/03

Sejkor K Entergy ksejkor@entergy.com

new 05/02 Slowinski Rich Detroit Edison 734-586-1057 slowinskir@dteenergy.com
new email 7/22Smith L lsmith05@apsc.com

N Smith Norman D. Project Analyst Carolina Power & Light PO Box 10429, TAC Zone 3 Southport NC 28461 (910) 457-3327 norm.smith@pgnmail.com X
Spell Bill Sr. Env. 

Specialist
EOI - River Bend Station P.O. Box 220, 5485 U.S. Hwy 61 St. Francisville LA 70775-0220 (225) 381-3701

wspell1@entergy.com 
Stamm Al Meteorologist, 

PhD
SUNY College at Oswego Rte 104 West Oswego NY 13126 (315) 341-2806 stamm@oswego.edu X

Stattel Richard Engineer Baltimore Gas & Electric 1650 Calvert Clifs Parkway Lusby MD 20657 (410) 495-4743 rich.j.stattel@ccnppi.com X X
Stein William Sr. Engr Yankee Environmental Systems 101 Industrial Blvd Turner Falls MA 01376 413-863-0200 wms@yesinc.com X
Stipp Christopher Cooper Nuclear Station P. O. Box 98 Brownville NE 68321 (402) 825-5227 costipp@nppd.com X

??email full? 
6/03

Swanson Robert Consultant Climatological Consulting Corp 1216 Babel Lane Concord CA 94518 (925) 676-2228 swanccc@aol.com X X X X

Swart Kevin System 
Adminstrator

American Electric Power One Cook Place Bridgman MI 49106 (616) 465-5901 x3882 kevin_swart@aep.com X X X X

Syed Moazam TXU P.O. Box 1002, M: 35 Glen Rose TX 76042 msyed2@txu.com
update 3/02 Syrowski Jim Staff Sr Advisor First Energy, Davis-Bessee 5501 N State Rt 2 Oak Harbor OH 43449 (419)249-2417 jhsyrowski@firstenergycorp.com X

N Terliuc Benjamin PhD, Senior 
Researcher

Nuclear Research Center - Negev P.O. Box 9001 Beer Sheva ISRAEL 84130 972-8-6568525 terliuc@mail.inter.net.il X

new 02/02 Tolbert Roger Chem Speclst Entergy, Grand Gulf Nuc Sta PO Box 756 Port Gibson MS 39150 (601)437-6327 rtolber@entergy.com X
Add from 
Tom B.'s 
list; 6/03

Tsengdar Lee PRC lee_tsengdar@prc.com

Underwood Kenneth AeroVironment, Inc. 222 E. Huntington Drive Monrovia CA 91016 (626) 357-9983 underwood@aerovironment.com X
Van Knowe Glenn MESO, Inc. 185 Jordan Road Troy NY 12180 (315) 337-9836 glenn@meso.com X

Add from 
Tom B.'s 
list; 6/03

Vasa S Southern Company ssvasa@southernco.com

Vigeant Stephen Lead Env Sci Stone & Webster, A Shaw Group Co. 100 Technology Center Drive Stoughton MA 02072 (617) 589-2916 steven.vigeant@shawgrp.com X
newnew 8/03 Vollmer Patricia Nuclear 

Meteorologist
US Air Force Patrick AFB FL (321) 494-7436 Patricia.Vollmer@aftac.patrick.af.mil

Waldron Timothy L. MET Associates 34 Deborah Dr St. Peters MO 63376-1855 (636) 240-1561 metastorm@aol.com X
Wan Ping Env Tech Mgr Bechtel Power Corp. 9801 Washingtonian Blvd Gaithersburg MD 20878 (301) 417-3144 PWAN@bechtel.com X X X X X X X

N Wastrack Kenneth Meteorologist Tennessee Valley Authority P.O. Box 1010, TVA CEB 2A Muscle Shoals AL 35662-1010 (256) 386-3835 kgwastrack@tva.gov X X X X X X X
Webb Ron Environmental Systems Corporation 200 Tech Center Drive Knoxville TN 37912 (423) 688-7900 esccorp@envirosys.com X

N White Jerry Sr Tech Spec Duke Power 4800 Concord Rd. York SC 29745 (803) 831-3054 jwwhite1@duke-energy.com X X X
Whited David Sr Nuc Tech First Energy 10 Center Rd. North Perry OH 44081 (440) 280-5387 drwhited@firstenergycorp.com X

N Whitlatch Woody Sr Met Pacific Gas & Electric Co. 3400 Crow Canyon Rd. San Ramon CA 94583 (925) 866-5758 wfw2@pge.com X X X
new 7/02 Wilkerson George Cert Cons Met Meteorological Solutions, Inc. 2257 South 1100 East, Ste 2F Salt Lake City UT 84106 (801)474-3826 gww@metsolution.com
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Wonderling Robert Nuclear Safety 
Technician

Illinois Dept. of Nuclear Safety 36602 Eastmoor Drive Lake Villa IL 60046 (847) 373-2073 wonderling@prodigy.net X X X

N Yewdall Robert Senior Engineer Public Service Electric & Gas Co. P.O. Box 236, Mail Code N44 Hancocks Bridge NJ 08038 (856) 339-2469 robert.yewdall@pseg.com X X X X X X X X
Young Robert M. R.M. Young Company 2801 Aero Park Dr. Traverse City MI 49684 (616) 946-3980 met.sales@youngusa.com
Zack John MESO, Inc. 185 Jordan Road Troy NY 12180 (518) 283-5169 john@meso.com X
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E Adams Daniel Florida Power & 
Light Company

P.O. Box 088801 
(JEN/GB)

North Palm BeachFL 33408-8801 (561) 625-7635 X X

E Andersen Stephen SeaCor 
International Inc

4700 McMurry 
Dr. Suite 101

Fort Collins CO 80525 (970) 772-6825 X

E Barley Gregory Baltimore Gas & 
Electric Company

1650 Calvert 
Cliffs Parkway

Lusby MD 20657 (410) 260-2436

E Barrette Rich US-NRC WF 10-E-2 Washington DC 20555 (301) 415-7482 X
E Beasley Susan Alabama Power 

Co
P.O. Drawer 470 Ashford AL 36312 (334) 712-1145

E Bennett Deryle Georgia Power 
Co., E.I. Hatch 
Nuclear Plant

P.O. Box 439 Baxley GA 31513 (912) 367-7851

E Bullock Tom WSI 420 Bedford 
Street

Lexington MA 02173 (978) 670-5194 X

E Chamberlain H. Ledge Northeast Utilities P.O. Box 270 Hartford CT 06141-0270 (203) 665-4631

E Christian Steve Northern States 
Power Co.

2907 W. Country 
Rd. 75

Monticello MN 55362 (612) 295-1236

E Christopher Stephen Duke Power 
Company - 
Catawba Nuclear 
Sta.

4800 Concord Rd. York SC 29745 (803) 831-4027

E Cohen Lester A. Consolidated 
Edison of New 
York

Room 306-S, 4 
Irving Place

New York NY 10003 (212) 560-3534

E Congel Frank J. U.S. NRC WF 10-E-2 Washington DC 20555 (301) 415-7482
E Courtney Francis Courtney 

Consultants Inc.
475 Mt. Vernon 
Highway, Unit C-
234

Atlanta GA 30328-3307 (404) 256-2487 X X

E Desrochers Mark Weather Services 
Corporation

420 Bedford 
Street

Lexington MA 02173 (617) 676-1308

E Duranko Mark Duquesne Light 
Co.

Beaver Valley 
Power Station

Shippingport PA 15077-0004 (412) 393-5538

E Ezzell Pete Florida Power 
Corp.

15760 W. Power 
Line St., MAC-
NR1A

Crystal River FL 34428 (904) 563-4778

E Flint Walley Wisconsin Public 
Service Corp.

North 490, Hwy. 
42

Kewaunee WI 54216-9510 (414) 388-3445 X

E Foltman Richard Detroit Edison 
Company

2000 Second Ave, 
Room 355 SB

Detroit MI 48226 (313) 237-6185 X

E Foster Doug American Electric 
Power

One Cook Place Bridgman MI 49106 (616) 465-5901 x1599



Need EMAILS

E Gaspar Rodney Rochester Gas & 
Electric Corp.

1503 Lake Rd. Ontario NY 14519

E Gazada Richard APPI, Inc. 500 S. Main, 
Suite #908

Las Cruces NM 88001 (505) 527-0321 X

E Greer Bob Virginia Power 5000 Dominion 
Blvd

Glen Allen VA 23060 (804) 273-3020

E Hasty Becky Duke Power 
Company, 
McGuire Nuclear 
Sta.

12700 Hagers 
Ferry Road

Huntersville NC 28078 (704) 875-4662

E Holt Skip Alabama Power 
Co.

P.O. Drawer 470 Ashford AL 36312 (205) 899-5156

E Hostetter Dwight Southern Nuclear 
Operating Co.

40 Inverness 
Center Pkwy.

Birmingham AL 35201 (205) 8685290 X

E Hughes John Consolidated 
Edison of New 
York

Broadway & 
Bleakley Ave

Buchanan NY 10511 (914) 526-5384 X

E Inghram Steve IES Utilities 3277 Duane 
Arnold Energy 
Ctr. Rd.

Palo IA 52324 (319) 851-7446

E Kahlbaum Dennis Consumers Power 
Co.

1945 W. Parnall 
Rd. (P22-512)

Jackson MI 49201-8643 (517) 788-1934 X X

E Karmol Michael Detroit Edison 
Company

6400 N. Dixie 
Hwy.

Newport RI 48166 (313) 586-4510 X

E Lassetter J.M. Grand Gulf 
Nuclear Station

P.O. Box 756 Port Gibson MS 39150 (601) 437-2115

E Lipinski Frank Vermont Yankee Gov. Hunt Rd. Vernon VT 05354 (802) 257-7711 X
E Maloney John Accu-Weather Inc. 619 W. College 

Ave.
State College PA 16801 (814) 237-0309 X

E Marchinkoski Ronald Northeast Utilities 1866 River Rd. Middletown CT 06457 (203) 638-3178

E Mathis Darrell South Carolina 
Electric & Gas Co.

1426 Main St. Columbia SC 29218 (803) 931-5139 X

E Matson T Entergy - Grand 
Gulf Nuclear 
Station

P.O. Box 756 Port 
Gibson

MS 39180 (601) 437-2248

E Messier Theodore A. Yankee Atomic 
Electric Co.

580 Main St. Bolton MA 01740 (508) 779-6711 X

E Miller David Illinois Power Co, 
Clinton Power 
Station

P.O. Box 678 Clinton IL 61727 (217) 935-8881

E Mohan Barry American 
Meteorological 
Society

45 Beacon St. Boston MA 02108-3693 (617) 227-2425

E Mooney Sam Grand Gulf Energy 
Operations, Inc.

P.O. Box 756 Port Gibson MS 39150 (601) 437-2155

E Morlino Jerrie A. Boston Edison, 
Pilgram Nuclear 
Station

Rocky Hill Rd. Plymouth MA 02360 (508) 830-8852 X

E Mscisz Tom PECO Nuclear  965 Chester 
Brook Blvd., Mail 
Code 63 A-3

Wayne PA 19087 (610) 640-6875

E Murcko Dennis Duquesne Light 
Co.

Beaver Valley 
Power Station

Shippingport PA 15077-0004

E Norton Dale Pacific Gas & 
Electric Co.

Diablo Canyon 
Plant, Bldg. 102-1-
122

Avila Beach CA 93424 (805) 595-4284

E Null Jan National Weather 
Service

21 Grace Hopper 
Ave. Stop 5

Monterey CA 93943-5505 (408) 656-1710 X



Need EMAILS

E Ost Fred Commonwealth 
Edison

1400 Opus Place, 
Suite 800

Downers Grove IL 60515 (630) 663-3852 X

E Perkins Ken US-NRC, Walnut 
Creek Field Office

1415 Maria Ln. Walnut Creek CA 94596-5368 (510) 975-0335

E Pfaff Steven National Weather 
Service

Rural Route 2 
Box 900 Intl 
Airport

Corpus Christi TX 78406 X

E Pickwoad Robert Arizona Public 
Service

Sta. 7468, Box 
52034

Phoenix AZ 85072-2034 (602)393-5371 X X

E Podrez Mark RTP 
Environmental 
Assoc. Inc

2031 Broadway, 
Suite 2

Boulder CO 80302 (303) 444-6046 X

E Pottberg Tom MET ONE 
Instruments

1600 Wahsington 
Blvd.

Grants Pass OR 97526 (503) 471-7111 X

E Pritchard Glen PECO Energy 2301 Market St.  
N3-1

Philadelphia PA 19101 (215) 841-4000

E Rao Kolli New York Power 
Authority

123 Main St. White Plains NY 10601 (914) 681-6387 X X

E Riley Tim South Carolina 
Electric & Gas Co.

Hwy 213, P.O. 
Box 88

Jenkinsville SC 29065 (803) 931-5017

E Robinson David EOI - River Bend 
Station

P.O. Box 220, 
5485 U.S. Hwy 61

St. Francisville LA 70775-0220 (504) 635-6095 x6420 X

E Savy Jean B. Lawerence 
Livermore 
National 
Laboratory

P O Box 808 (L-
631)

Livermore CA 94551 X

E Scerbo Dominic Northeast Utilities 107 Selden St. Berlin CT 06037 (203) 665-4640 X

E Schiavone Kathryn M. Brown & Root 
Environmental

910 Clopper Rd Gaithersburg MD 20878-1399 (301) 258-8711 X

E Schott Tim Brown & Root 
Environmental

910 Clopper Rd Gaithersburg MD 20878-1399 (301) 258-8732 X X

E Shaw Steven Virginia Power 5000 Dominion 
Blvd.

Glen Allen VA 23060 (804) 273-3024

E Skradski-Spires Jane M. Nebraska Public 
Power District

P.O. Box 499, 
1414 15th St.

Columbus NE 68601 (402) 563-4533

E Smith Everett Baltimore Gas & 
Electric Company

1650 Calvert 
Cliffs Parkway

Lusby MD 20657

E Spickler Irwin U.S. Department 
of Energy

NE-72, GTN Washington DC 20585 (301) 903-5624 X

E Sprigg Joe Alabama Power 
Co.

P.O. Drawer 470 Ashford AL 36312 (205) 899-5156

E Stoma Keith EOI - River Bend 
Station

P.O. Box 220, 
5485 U.S. Hwy 61

St. Francisville LA 70775-0220 (504) 381-4784 X

E Stone Gregory Los Alamos 
National 
Laboratory 

Mail Stop K490, 
Warehouse SM30 
Bikini Road  

Los Alamos NM 87545

E Sturgeon Mike National Weather 
Service

44210 Weather 
Service Road

Sterling VA 20166 (703) 661-1220

E Thorne Michael Duke Power 
Company, Oconee 
Nuclear Sta.

P.O. Box 1439 Seneca SC 29679 (864) 885-3210

E Uwagbae John Portland General 
Electric Co.

71760 Columbia 
River Hwy.

Rainier OR 97048 (503) 556-5820



Need EMAILS

E Wheeler Terry Portland General 
Electric Co.

71760 Columbia 
River Hwy.

Ranier OR 97048 (503) 556-7763

E White Duane Entergy 
Operations, Inc.

Route 3, P.O. Box 
137G

Russelville AK 72801 (501) 964-5823

E Williams Gordon E. Houston Lighting 
& Power Co.

12301 Kurland 
Dr, LL-28

Houston TX 77034 (713) 945-7251 X

E Commonwealth 
Edison Co.

1400 Opus Place, 
Suite 800

Downers Grove IL 60515 (708) 663-3848

72 Total
0 "D" category (undeliv e-mail)
0 "N" NUMUG list-server LLNL

72 "E" category (no email provided)
0 "S" category (email is size limited)



E-Mails Deleted from Mailing List

NUCLEAR UTILITY METEOROLOGICAL DATA USERS GROUP (NUMUG)
UPDATED:  03/27/2002 NUMUGmail.xls   PMF
Total count: 15

E = no email address 0
S = email is size limited 0
N = llnl server 0   NUMUG server not checked since approx May 2002
D = e-mail returned undelivered 0 MEETINGS ATTENDED

LAST FIRST POSITION COMPANY ADDRESS CITY STATE ZIP TELEPHONE E-Mail Address

C
hattanooga

B
oston

C
harlotte

San Francisco

South B
end 97

Syracuse 99

L
as V

egas 00

St. C
harles 02

D Allwine Jerry Allwine Environmental Services PO Box 904 Richland WA 99352 (509) 943-4223 jallwine@owt.com X X
D Augustyn Jim Augustyn & Company 1029 Solano Ave. Albany CA 94706 (510) 525-0464 jaugustyne@dqms.com X

Blakeley Joe Meteorologist APPI, Inc. 500 S. Main Street, 
Suite 960

Las Cruces NM 88001 (315) 349-1179 blakeleyj@nimo.com X

new 5/02 Brunet James R. Palisades jrbrunet@cmsenergy.com
D Carson Bruce Health Physicist Pennsylvania Power & Light Co. Two North Ninth St Allentown PA 18101-1179 (610) 774-7886 bhcarson@papl.com X X

new 5/02 Dahlgren Christer 616-764-3150 cndahlgren@cmsenergy.com
S Gorski Rick Ontario Hydro-Meteorology 2635 Lakeshore Rd 

West
Mississauga, Ontario Canada L5J 4R9 (905) 855-6181 rick.gorski@iemo.com X X

new 9/02 Johnson Scott Los Alamos Los Alamos NM 87545 sjohnson@llanl.gov
D Lee Tsengdar Principal 

Software 
Engineer

Litton/PRC 1500 PRC Drive McLean VA 22102 (703) 556-2278 lee_tsengdar@prc.com X

D Maleca Mike I&C Special 
Project Foreman

Rochester Gas & Electric Corp. 1503 Lake Rd. Ontario NY 14519 (585) 771-3220 michael_maleca@rge.com X

Mihalik Dan American Electric Power One Cook Place Bridgman MI 49106 (616) 466-2429 drmihalik@aep.com X X X
D Pomeranz Hank Litton/PRC Inc 1500 PRC Drive, 

Room 332W
McLean VA 22102-5050 (703) 556-3061 Pomeranz_Hank@prc.com

Rangel Manuel APPI, Inc. 500 S. Main, Suite 
#908

Las Cruces NM 88001 (505) 524-7381 mrangel175@aol.com X

D Schwartz Paul Senior 
Environmental 

Scientist

GPU Nuclear Corp. P.O. Box 388 Forked River NJ 08731 (609) 971-4034 PSchwartz@GPU.COM X

S Sejhora Ken Senior 
Environmental 

Scientist

Boston Edison - Pilgrim Nuclear Power Station 600 Rocky Hill Road, 
MS-51

Plymouth MA 02360-5508 (508) 830-8469 Kenneth_Sejkora@bedison.com X

Stoffle Kent Environmental 
Supervisor

Niagara Mohawk P. O. Box 63 Lycoming NY 13093 (315) 349-1364 stofflek@nimo.com X

D Vasa Stan S. Southern Company Services, Inc. 600 N 18th        14N-
8195

Birmingham AL 35291-8195 (205) 257-5455 ssvasa@southernco.com X

D Wilson F. Wesley MIT Lincoln Laboratory 244 Wood St. Lexington MA 2420 (781) 893-9324 wesw@mediaone.net X
D Woolley Rich Meteorologist - 

Team Chief
APPI, Inc. 505 S. Main Street Las Cruces NM 88001 (423) 833-4320 woolleyr@netscape.net X X

Zuzolo Phillip Autometric Incorporated 7700 Boston 
Boulevard

Springfield VA 22153 (703) 923-4181 pzuzolo@autometric.com

Vaughn Fred Zedek Corporation 2514 University Durham NC 27705 (919) 489-7206 zedekcorp@earthlink.net X
Clark Larry Zedek Corporation 2514 University Durham NC 27707 (919) 489-7206 zedekcorp@earthlink.net X
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Session I – Meteorological Monitoring Programs 
 
 
1.1 ANSI/ANS-3.11 Update 
 Stan Marsh, SCE 

 
ANSI/ANS-3.11 (2000), American National Standard for Determining Meteorological Information at Nuclear 
Facilities, dated February 16, 2000, will expire in 2005.  This standard represents state of the art in terms of 
meteorological monitoring guidance for the entire nuclear industry.  In order to ensure that this standard 
remains current and viable, the ANSI/ANS-3.11 Working Group has been reconstituted with the goal to 
reaffirm and revise the standard prior to its scheduled sunset in 2005.  As before, the Working Group will be 
chaired by Stan Marsh, CCM and Carl Mazzola, CCM.  The Working Group is comprised of members of 
both the private and public nuclear industry.  Both the Nuclear Utility Meteorological Data Users Group 
(NUMUG) and Department of Energy Meteorological Coordinating Council (DMCC) are well represented on 
the Working Group.  The membership of NUMUG and DMCC will have the opportunity to review and 
comment on the drafts of ANSI/ANS-3.11 Rev. 1 during their preparation.  Revisions to the standard will 
include consideration of in situ and remote monitoring system technologies, data management and display, 
and should/shall considerations. 
 
The current schedule is for the release of the final ANSI/ANS-3.11 Rev. 1 by February 16, 2005. 
 

 
1.2 Supporting Maintenance Activities 
 Bob Yewdall, PSEG 

 
Maintenance of meteorological instrument and data acquisition/ display systems generally receive adequate 
attentions.  This portion of the monitoring systems is implemented by approved/ controlled processes and 
procedures.  In addition, inspections and audits performed by regulatory oversight organizations and internal 
audits (QA and self-assessment) assure satisfactory instrument performance.   However, supporting 
maintenance activities with respect to structures (towers, instrument building and site areas) may not receive 
the same level of attention as the meteorological instruments.     
 
Lack of adequate maintenance may lead not only to degraded meteorological system performance but also to 
unsafe conditions.  Increasingly, may meteorological towers have become dual function structures supporting 
radios, microwave, cellular telephone equipment.  This leads to additional burden on maintenance support 
organizations.   
 
Maintaining items such as: HVAC, cathodic protection, lightning protection, UPS systems, security fencing, 
guy wire and anchors inspections, power and instrument wiring and conduit inspections, vegetation control, 
FAA warning lights and structural reviews of the tower are extremely important.  In many cases there are no 
owners of these activities or they have become orphaned due to organizational changes or program cutbacks.  
Necessary resources attention and budgeting may be lacking in organizations and directly contribute to 
inadequate maintenance. 
 
 In May of this year a Maintenance Survey was sent to NUMUG members.  This paper provides a summary 
of the results of the survey. 
 



 

1.3 Gaining from Self-Assessment 
 Gregory Hood, Entergy Operations, Inc 

 
Self-Assessments have become very popular tool in the nuclear industry to improve performance and to 
confirm regulatory compliance.  It has been determined that the most effective organizations are the ones that 
are driven to improve from within rather than only looking to change when external forces require them to do 
so.  Since most of the US nuclear plants have now been in operations for more than 10 years a self-
assessment will determine if the meteorological program has continued to evolve with new regulatory 
guidance and state-of-the art equipment. 
 
As an example of a completely independent self-assessment with good cooperation from all parties involved 
at the utility, a self-assessment of all aspects of the Waterford 3 meteorological program was performed.  The 
assessment team was made up of a good mix of plant, utility, corporate utility and independent 
meteorologists.  Since the utility does not have a meteorologist on staff, it was necessary to bring in expertise 
from outside the utility.  Bringing in people from outside the utility provides site management with an 
objective view of current performance.  This paper will describe the process of a meteorological self-
assessment and the good results attained through cooperation at Waterford 3. 
 

 
1.4 Wind Speed Interference from MET Tower  Beacon 
 Kip Barbour , Callaway Plant (Ameren) 
 

In early April 2002 while validating Callaway Plant's meteorological data for the Annual Effluent Release 
Report, Tim Waldron of Met Associates, Inc. performed differential analysis of the Primary Tower 10M WS 
data compared to the Secondary 10M WS data.  This analysis identified an approximate 3 m/s bias on the 
Primary Tower data, but only at night. 
 
This presentation provides some examples of the differential analysis used by Met Associates to identify the 
intermittent bias found in the Callaway Plant wind speed data. 

 
 
1.5 Annual MET Tower Inspections for Obstructions to Wind Flow 
 Mark Carroll, Murray & Trettell 

 
A program for maintaining meteorological monitoring towers at nuclear facilities will be discussed.  Annual 
tower inspections are performed and are in compliance with the guidelines set forth in the ANSI/TIA/EIA-
222-G-1996 document "Structural Standards for Steel Antenna Towers and Antenna Supporting Structures."  
Annual inspections include a fourteen item checklist.  The purpose of the inspection is to identify any needed 
tower maintenance.  The results of the inspection are documented and reported along with any 
recommendations for corrective action.  The annual program also includes routine and as needed tower 
lighting maintenance. 
 
A second program has been established for performing annual site surveys for the terrain surrounding 
meteorological monitoring towers at nuclear facilities.  Annual surveys are based upon guidance from 
ANSI/ANS 3.11-2000, "Determining Meteorological Information at Nuclear Power Plants" and NRC 
Regulatory Guide 1.23, "Meteorological Programs in Support of Nuclear Plants."  The purpose of the site 
surveys is to locate any trees or other natural vegetation that are becoming an obstruction to "natural" wind 
flow.  Procedures and methods used to perform and document the site surveys will be presented.  The 
methodology used to determine existing and potentialobstructions to air flow will be detailed along with the 
use of photographs to document the existing site conditions. 

 



 

1.6 Consideration of Micrometeorological Trends Associated with WIPP Meteorological 
Data 

 Carl Mazzola , Shaw E&I 
 

Outline: WIPP Facility and Mission 
 Description of meteorological monitoring program 
 Meteorological Data Validation Process 
 Effect of Micrometeorological Trends on Data Validation and Use 
 Conclusions 

 



 

Session II – Meteorological Applications  
 
 
2.1 Evaluating Meteorological Monitoring Sites Using Sigma-Theta 
 Ken Wastrack, TVA 

 
During the 2002 NUMUG meeting, one presentation discussed using Sigma-Theta measurements to 
determine if trees and tower structures were impacting wind data.  The Tennessee Valley Authority (TVA) 
used this approach to examine its meteorological monitoring sites. 
 
This presentation addresses the results of TVA's evaluation for each of its nuclear plants sites and validates 
the use of the Sigma-Theta methodology.  In general, the evaluation confirmed conditions already known.  
However, it identified a previously unidentified anomalous condition at Browns Ferry Nuclear Plant—for a 
narrow range of wind directions, the Sigma-Theta values were not as expected.  This presentation examines 
the anomaly and identifies a probable cause. 
 

 
 
2.2 A Real Time Meteorological Analysis & Dispersion Prediction System for Emergency 

Preparedness 
 Al Klausmann, EarthTech 

 
Improvements in computational power in recent years have resulted in operational numerical weather 
prediction (NWP) models being run at increasingly higher resolution.  Regional operational models used at 
the National Center for Environmental Prediction (NCEP) are now run routinely at meso-beta and meso-
gamma scale resolutions, multiple times per day.  In addition, more advanced data assimilation techniques are 
now being employed at operational forecast centers resulting in improved high frequency mesoscale analyses. 
 
The diagnostic meteorological model (CALMET) uses three-dimensional gridded data from prognostic 
meteorological models to develop fine-scale winds and other meteorological fields consistent with the terrain 
and land use on the fine-scale diagnostic grid and optionally assimilates meteorological observations into the 
analysis.  Interfaces have been developed between CALMET and operational models such as the NCEP ETA 
model and the Forecast Systems Laboratory (FSL) Rapid Update Cycle (RUC2) model as well as the Penn 
State/NCAR Fifth Generation Mesoscale Meteorological Model (MM5) and the Regional Atmospheric 
Modeling System (RAMS). Three-dimensional gridded analyses and forecasts are readily available from 
NCEP and other web sites in real-time.  A demonstration is provided in this paper of the use of forecast and 
analyses field combined with available observational data around a hypothetical nuclear power plant to 
produce ultra-fine scale analysis and predictions of three-dimensional meteorological fields.  The CALMET 
model has the advantage of being capable of running at higher resolutions than the dynamical models to 
improve the simulation of meteorological fields.  This is especially relevant at coastal boundaries and in 
complex terrain.  The non-steady-state CALPUFF dispersion model uses the three-dimensional 
meteorological fields from the CALMET model to simulate plume transport and diffusion within spatially 
and temporally varying flows.  Plume transport and dispersion are critical elements for dose assessment and 
radiation monitoring team dissemination during an accidental release.  The ETA/CALMET/CALPUFF 
forecast/dispersion modeling system is currently operational at two industrial sites in North America 
providing routine real-time and forecast predictions of dispersion impacts to plant operators. 
 
This paper provides a demonstration of the use of the CALMET/CALPUFF modeling system coupled a 
forecast model (RUC2) for a well-defined lake breeze event in the summer of 2003.  The use of the system to 
support emergency response operations at nuclear power plants is discussed.  The importance of 
characterizing spatial and temporal changes in the meteorological fields and treating the non-steady-state 
aspects plume dispersion are also discussed. 

 



 

2.3 Design Wet Bulb Temperature for Ultimate Heat Sink Spry Pond for Advanced Light 
Water Reactors  

 Norris Nielsen, TVA 
 
In the early 1990s, the Electric Power Research Institute (EPRI) produced a design manual for siting new 
modular advanced light water reactors.  Among the design parameters is a zero-exceedance wet bulb 
temperature.  Based on EPRI contractor review of all meteorological data years for nuclear plant applications 
to the NRC, a value of 81ºF was specified in the draft manual.  However, all data years that were used 
preceded 1980, which experienced a massive heat wave over much of the United States, because there were 
no new applications after the late 1970s when the Three Mile Island accident occurred.  A review of 1948-
1990 data for several stations in the TVA region revealed that 1980 stood out far above other years in that 
period and indicated that a design value of 84ºF would be appropriate.  Review of summer 1980 wet bulb 
temperature values for a number of other stations in the southeast third of the United States supported this 
conclusion.  Review of Local Climatological Data Summaries for TVA region stations since 1990 confirmed 
that no worse set of wet bulb temperature conditions (worst 30-day period) has been observed in the TVA 
region since 1980. 

 
 
2.4 Atmospheric Stability – Methods & Measurements  
 Bob Yewdall, PSEG 

 
Estimation of atmospheric stability is essential to the determination of relative dispersion in order to calculate 
radiological effluent concentration and thus dose to a receptor.  Regulatory requirements are fairly 
prescriptive in nature.  The US NRC has published a plethora of ‘guidance’ documents for licensees to 
follow.  The complexity of fluid mechanics has been distilled to a general modeling approach.  Based on 
accepted methodologies, atmospheric stability is indexed in discrete steps according to temperature difference 
with respect to elevation and/or horizontal differences in wind direction with respect to time (i.e., sigma 
theta).  The purpose of this paper is to compare and contrast the two index schemes using meteorological data 
collected at the Artificial Island site. 
 

 
2.5 Calculation and Re-Calculation of 60-Minute Sigma Theta and Stability 
 Dale Paynter, OMG Seattle  

 
While ANSI/ANS 3.11-2000 does not specify a method for computing σθ, it suggests one-pass methods in 
Appendix E, including the Yamartino method.  For the suggested methods, it also recommends deriving the 
hourly value of σθ by computing the Root Sum Squared of the 10 or 15-minute averages in order to minimize 
inflation of the 60-minute σθ due to the effects of plume meander. 
 
This inflation effect was observed while developing a utility to compute missing 60-minute σθ’s from partial 
data or to re-compute this value after portions of the underlying data had been edited.  Re-computed σθ’s 
generally are lower than the original values, frequently reducing the associated stability class to a more stable 
value.   
 
This presentation reviews σθ computation, then details the observed differences between 60-minute σθ’s  

computed from the original sensor data using the one-pass Yamartino method and values computed by 
RSSing the 15-minute values.  One year of actual observations and re-computations are analyzed with respect 
to differing wind conditions.  Lastly, the differences in reported stability class for the two methods are 
presented. 
 



 

2.6 Tracing Air Parcel Trajectories Using No-Lift-Balloons  
 Benjamin Terliuc, Nuclear Research Centre 

 
Free Lift Balloons (FLB) are flying platforms designed to behave as Lagrangian tracers of air parcel 
trajectories. Among the FLB, Constant Volume Balloons (CVB) are extensively used to explore the 
kinematic and dynamic structures of the Planetary Boundary Layer (PBL). The CVB is exempted of 
buoyancy only when flying in an isopycnic level having ambient density equal to the effective density of the 
system. When dragged to leave its equilibrium level by an external vertical force, a restoring force is 
developed in the opposite direction, forcing the CVB to return back to the prefixed flying layer. This dynamic 
effect invalidates t he CVB to behave as a true Lagrangian tracer. A different design of FLB, called No Lift 
Balloon (NLB), overcomes this invalidation by allowing the balloon to match, at each level, its internal 
pressure and effective density to the ambient pressure and density, in an almost adiabatic process, leaving the 
vertical motion of NLB to be induced mainly by drag forces exerted by the vertical component of the wind 
vector. Therefore, bearing in mind some deviations from the dynamic and thermodynamic behavior of air 
parcels, NLB can be considered Quasi-Lagrangian tracers of air particle trajectories. 
 
The purpose of the present work is to demonstrate the capabilities of NLB, in view of the experimental results 
obtained with systems implemented by different techniques. Measurements carried out during MAP 99 
Intensive Operational Period (IOP) at Ispra, Italy, provide a pictorial description of a three-dimensional 
trajectory, strongly affected by complex terrain topography, showing a light wind circulation cell that could 
be induced by lake breeze. 
 

 
2.7 Using ARCON96 for Control Room Radiological Habitability Assessments 
 Brad Harvey, NRC 

 
Conclusion: The intent of this paper is to review some of the subtle aspects in executing ARCON96 to 

generate atmospheric dispersion analyses in support of design-basis CR [Control Room] 
radiological habitability assessments.  Included are highlights of the differences between staff 
positions discussed in RG 1.194 and the examples given in the ARCON96 User’s Guide.  The 
authors hope that the issues discussed here will help licensees avoid common mistakes and 
improve the quality and acceptability of their submittals.   

 
 



 

Session III – Changes in Our World 
 
 
3.1 Permitting Challenges for the New Generation of Nuclear Power Plants 
 Ping Wan, Bechtel 

 
The United States’ electric power industry has continued to face an unsettled environment, including 
unprecedented high fuel price, increasing regulatory requirements on emission controls, security/non-
proliferation issues, and deregulation of the industry since the late 90s.  To meet the future demand and 
maintain energy security, the Bush administration’s National Energy Policy calls for expanding nuclear 
energy to achieve energy security in the United States.  The Department Of Energy’s Nuclear Power 2010 
initiative focuses on building new nuclear plants in the coming decade. 
 
Title 10, Energy, Code of Federal Regulations, Part 52 sets out the requirements and procedures applicable to 
the Nuclear Regulatory Commission issuance of an Early Site Permits, Standard Design Certifications, and 
Combined License for Nuclear Power Plants.  Of the three major licensing processes under Part 52, only the 
design certification process has been demonstrated.  Recently there are three utility related companies have 
announced their intention to proceed with an Early Site Permit (ESP) application, which constitutes a major 
Federal licensing action.  The author of this paper is currently engaged in preparing such an ESP application.  
 
This paper will discuss the permitting challenges for an ESP under the industry deregulation environment.  
Discussions will be focused on re-defining a “Region Of Interest” for selection of candidate power plant sites, 
methodology for allowing flexibility in the proposed reactor technology, and utilization of existing 
information and infrastructures.  
 

 
3.2 Yucca Mountain Update 
 Paul Fransioli, DOE/YMP 

 
In 1982, the Nuclear Waste Policy Act (NWPA) established national policy for the disposition of high-level 
radioactive waste and commercial spent nuclear fuel. 
 
In 1987, the NWPA as amended eliminated all sites but Yucca Mountain to be characterized for a potential 
repository . 
 
In 1996, Congress directed the Department of Energy (DOE) in the Energy and Water Development 
Appropriations Act of 1997 to provide a viability assessment of the Yucca Mountain site. 
 
This is an update of the current status and future plans for the Yucca Mountain project. 
 
 

3.3 Private vs. Federal MET Services – Update from AMS ad hoc committee 
 Doyle Pittman, TVA 
 

A committee of the National Research Council completed a study in 2002 of academic - private – public 
partnerships (Fair Weather – Effective Partnerships in Weather and Climate Services). 
 
This presentation is an update of follow-up issues involving the American Meteorological Society (AMS). 

 
 



 

3.4 Overview of CCM Program & National Council of Industrial Meteorologists 
 Matt Parker, Westinghouse Savannah River Co. 

 
Presentation includes overviews of the Certified Consulting Meteorologist (CCM) program—including recent 
changes by the Ad Hoc Committee on the Continuing Professional Development of CCMs—and on the 
National Council of Industrial Meteorologists. 
 

 
3.5 Replacing a Dial-up Weather System with a Web-based Weather Page  
 Tom Bellinger, Illinois Dept. of Nuclear Safety 
 

In the late 1980's and early 1990 we used Wxview+ to download various weather products (satellite photos, 
radar images, loops) and forecast information.  At previous NUMUG meetings, I have shown numerous 
Doppler radar loops of lake breeze using this software. 
 
When we upgraded our in-house computers from DOS to Windows 3.1, Wxview+ handled the upgrade well.  
But when we upgraded our computers again to Windows NT, Wxview+ had problems and we had to migrate 
to the Weather for Windows software.  Using Weather for Windows was adequate for our emergency 
response needs, but was cumbersome for me to use when trying to store Doppler radar loops to document 
lake breezes  and other interests. 
 
When we upgraded to Windows XP, Weather for Windows did not handle the upgrade well.  Since the 
internet has so many good free weather products and I was using WSI less and less, I thought it was time to 
bite the bullet, save the $7500/year, and obtain or develop some method of gathering internet weather 
products myself.  Since other responders in our organization are not meteorologists, I did not want to have a 
bunch of bookmarks that the user could select to obtain products.  I searched the internet for various 
shareware that did some menu selectable downloads, but none were satisfactory for my needs.  So I began my 
initial adventure writing HTML code to gather the data we needed. 
 
For your use, I have included all the HTML code, PowerPoint files, and graphics about my weather page for 
you on the NUMUG meeting CD.  Feel free to modify them to fit your local site needs. 
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