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Gentlemen: 

In the Matter of ) Docket No.50-390 
Tennessee Valley Authority 

WATTS BAR NUCLEAR PLANT (WBN) UNIT 1 - TECHNICAL SPECIFICATION 

(TS) CHANGE NO. WBN-TS-99-014 - STEAM GENERATOR ALTERNATE REPAIR 

CRITERIA FOR AXIAL OUTSIDE DIAMETER STRESS CORROSION CRACKING 

(ODSCC) - CLARIFICATION AND ADDITIONAL INFORMATION - (TAC NO.  

MAA8635) 

The purpose of this letter is to provide changes, clarifications 
and additional information to TVA's letters dated 
April 10, 2000, and September 18, 2000.  

Following the issuance of the above letter, TVA and NRC 
discussed several issues concerning the radiation dose 
calculation for the Main Steam Line Break (MSLB) in 
teleconference calls on September 26, 2000, and 
February 7, 2001. TVA determined from those calls that another 
revision was necessary to the MSLB dose calculation.  

On July 17, 2001, TVA met with NRC to discuss three specific 
issues. These issues were: 1)revision to the MSLB dose 
calculation, 2)pressurization rate during tube burst test, and 

3)inspection plan for dented tube-support plate intersections.  

Enclosure 1 provides information concerning the revision to the 
MSLB dose calculations. Enclosure 2 provides information 
concerning the steam generator issues on tube burst testing and 
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dented tube support plate inspections. Enclosure 3 provides a 
copy of the testing results performed specifically for TVA in 
Westinghouse Report SG-01-07-003, "Pressurization Rate and Foil 
Strengthening Effects on the Burst Strength of Axially Degraded 
Steam Generator Tubing," dated July 2001. Enclosure 4 provides 
a copy of the Electrical Power Research Institute (EPRI) Final 
Report 1001441, "Effect of Pressurization Rate on Degraded Steam 
Generator Tubing Burst Pressure," dated April 2001. Both 
Enclosures 3 and 4 were discussed with NRC in the meeting on 
July 17, 2001.  

TVA has evaluated the changes in the proposed amendment and 
finds that these changes do not effect the initial proposed No 
Significant Hazard Consideration provided in the April 10, 2000, 
request. However, these changes have resulted in a potential TS 
change for the reduction of reactor coolant system (RCS) 
activity. The changes to TS 3.4.16, "RCS Specific Activity," 
which are being evaluated under TVA's Corrective Action Program, 
are being administratively controlled in accordance with NRC's 
Administrative Letter 98-10, "Dispositioning of Technical 
Specifications That Are Insufficient to Assure Plant Safety." 
TVA expects to submit the request for the TS change in the near 
future.  

There are no new regulatory commitments in this submittal. If 
you have any questions about this information, please contact me 
at (423) 365-1824.  

Sin rely, 

P. Pace 
Manager, Site Licensing 

and Industry Affairs 

Enclosures 
cc: See page 3
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Subscribed and sworn to before me 
on this 22nL day of ___.  

Notary PuQ ic 

My Commission Expires ý-l g0 

Enclosures 
cc Enclosures: 

NRC Resident Inspector 
Watts Bar Nuclear Plant 
1260 Nuclear Plant Road 
Spring City, Tennessee 37381 

Mr. L. Mark Padovan, Senior Project Manager 
U.S. Nuclear Regulatory Commission 
MS 08G9 
One White Flint North 
11555 Rockville Pike 
Rockville, Maryland 20852 

U.S. Nuclear Regulatory Commission 
Region II 
Sam Nunn Atlanta Federal Center 
61 Forsyth St., SW, Suite 23T85 
Atlanta, Georgia 30303
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ENCLOSURE 1

WATTS BAR NUCLEAR PLANT UNIT 1 

PROPOSED TECHNICAL SPECIFICATION CHANGE WBN-TS-99-014 

OUTSIDE DIAMETER STRESS CORROSION CRACKING (ODSCC) 

RESPONSE TO NRC ISSUE ON DOSE CALCULATIONS 

NRC's review of the WBN request for a License Amendment, 
WBN-TS-99-014, dated April 10, 2000, and the subsequent response 
to NRC's request for additional information dated 
September 18, 2001, resulted in additional NRC concerns. TVA 
recognized from these concerns during subsequent teleconference 
calls on September 22, 2000, and February 7, 2001, that the 
computer codes used for the radiological assessment of offsite 
and control room operator dose calculations needed to be revised.  

TVA revised the computer codes to incorporate updated analysis 
techniques and modeling codes. TVA has revised the radiological 
dose analysis and the control room air intake concentration (X/Q 
value) to incorporate NRC's concerns. The changes to the 
computer codes are discussed in more detail in Attachment 1 to 
this enclosure. Attachment 2 to this enclosure provides a 
revision to the summary of the assumptions for the main control 
room dose (General Design Criteria (GDC) 19) analysis and the 10 
CFR 100 offsite dose analysis. Attachment 3 provides the revised 
dose analysis and Attachment 4 provides the new analysis for the 

%/Q values. Attachment 2 and 3 of this enclosure supersede 
Enclosure 3, Attachment 1 and 2 of TVA's September 18, 2000 
letter. These revisions to the dose analysis were discussed with 
NRC Staff in a meeting on July 17, 2001, at NRC Headquarters.  

The following remaining issues were discussed in teleconference 
calls on September 26, 2000, and February 7, 2001. This 
documents TVA's response as discussed in the July 17, 2001, 
meeting with NRC.  

Question 1 

The iodine source terms appear to be high by a factor of 21. A 
factor of 0.38 should be used instead of 7.965.  

Response 

The NRC methodology of calculating the factor was provided to TVA 
as an example. Using this example and the source terms from 
UFSAR Table 11.1-7, the NRC methodology gives the 7.965 factor.  
The example provided had used source terms from the Historical 
UFSAR Table 11.1-2. TVA and NRC agreed that 7.965 is the correct 
value at the July 17, 2001, meeting.
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WATTS BAR NUCLEAR PLANT UNIT 1 

PROPOSED TECHNICAL SPECIFICATION CHANGE WBN-TS-99-014 

OUTSIDE DIAMETER STRESS CORROSION CRACKING (ODSCC) 

RESPONSE TO NRC ISSUE ON DOSE CALCULATIONS 

Question 2 

Flows of 150,000 lb and 2,509 lb should be considered separately 

since the 150,000 lb. is secondary side at 0.1 RCI/gm and the 
2,509 lb is primary side at higher concentration.  

Response 

The primary side flow and secondary side flow are now modeled 
separately. This change reflects steam generator boiling dry.  

Question 3 

Watts Bar assumed an unfiltered in-leakage into the control room 

envelop of 51 cfm. What is the basis for that number in the 
calculation? 

Response 

The main control room (MCR) steady state unfiltered inleakage is 
51 CFM and is established by a calculation. This calculation 
documents the in-leakage to the control room habitability zone 

(CRHZ). The basis for this calculation is the following: 

1. The calculation assumes the CRHZ is at a positive pressure 
to adjacent spaces. The control room pressure is verified 
via periodic surveillance instructions to be at a positive 
pressure relative to adjacent spaces. This assumption is 
considered valid.  

2. Ducting and the heating, ventilation, and air conditioning 
(HVAC) components are located within the boundary (with 
exception of the battery room exhaust duct) and as such 
leakage, will be out of the CRHZ.  

3. With the CRHZ being at a positive pressure, leakage across 
doors, dampers, walls, floors, ceilings, and penetrations 
will be out of the CRHZ and not into the CRHZ.  

4. The battery room exhaust duct leakage was measured at 1.8 
cfm. This measurement was made prior to unit startup and is 
documented in the calculation.  

5. The calculation takes into account egress/ingress through 
doors and bleed off from pneumatic operations and equipment.
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DESCRIPTION OF CHANGES TO CALCULATION



ENCLOSURE 1 
ATTACHMENT 1 

WATTS BAR NUCLEAR PLANT UNIT 1 
PROPOSED TECHNICAL SPECIFICATION CHANGE WBN-TS-99-014 

OUTSIDE DIAMETER STRESS CORROSION CRACKING (ODSCC) 
DESCRIPTION OF CHANGES 

The following changes which were discussed with NRC Staff in a 
meeting on July 17, 2001, at NRC Headquarters, were incorporated 
in to the radiological dose assessment calculation.  

The Main Steam Line Break (MSLB) dose calculation has been 
updated to incorporate several different methodologies to resolve 
NRC's concerns. Changes in the computer codes for the dose 
calculation are discussed below: 

A. COROD Revision 5 - TVA's computer program, COROD, calculates 
the integrated isotopic airborne activity in the control 
room at the end of specified time periods using the isotopic 
concentration at the control room intake. The latest 
analysis version of COROD was modified to calculate the dose 
to the whole body, skin, and thyroid due to inhalation of 
Iodine using more realistic Federal Guideline Reports (FGR)
11 and 12 (International Commission of Radiation Protection 
Publication 30 [ICRP-30]) dose conversion factors. COROD 
also determines the dose equivalent Iodine 131 by the older 
dose conversion factors in ICRP-2. In addition, the Total 
Effective Dose Equivalent (TEDE) is calculated using the 
FGR-11 and 12 data. The TEDE dose has been determined for 
information only.  

B. FENCDOSE Revision 4 - TVA's computer program, FENCDOSE, is 
used to calculate the beta, gamma, and inhalation doses to 
be expected at the Low Population Zone (LPZ) and the 
Exclusion Area Boundary (EAB). The version of FENCDOSE used 
for the latest analysis was modified to calculate the dose 
to the thyroid due to inhalation of Iodine using the more 
realistic FGR-11 and 12 (ICRP-30) dose conversion factors.  
FENCDOSE also determines the dose equivalent Iodine 131 by 
the older dose conversion factors in ICRP-2. In addition, 
the TEDE is calculated using the FGR-11 and 12 data. The 
TEDE dose is determined for information only.  

The revisions to the above two computer programs are a collection 
of previously approved codes and methods used to bring the 
calculation up to date with more recently issued documents.  
Below is a discussion of those methods for obtaining the results 
of the calculations.  

A. Use of FGR-1I, LIMITING VALUES OF RADIONUCLIDE INTAKE AND 
AIR CONCENTRATION AND DOSE CONVERSION FACTORS FOR 
INHALATION, SUBMERSION, AND INGESTION. EPA-520/1-88-020.  
U.S. EPA. Washington, DC 1988 and FGR-12, EXTERNAL EXPOSURE 
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ATTACHMENT 1 

WATTS BAR NUCLEAR PLANT UNIT 1 

PROPOSED TECHNICAL SPECIFICATION CHANGE WBN-TS-99-014 

OUTSIDE DIAMETER STRESS CORROSION CRACKING (ODSCC) 

DESCRIPTION OF CHANGES 

TO RADIONUCLIDES IN AIR, WATER, AND SOIL. EPA 402-R-93-081 
U.S. EPA. Washington, DC 1993 (FGR-12) - FGR-I1 and FGR-12 
provide the dose conversion factors. FGR-1l and 12 are 
based on the methodology in ICRP 30 and are considerable 
advances in the state of knowledge of radionuclide and the 
effects on humans in the past few decades. NRC adopted 
ICRP-30 in the revision of Part 20, "Standards for 
Protection Against Radiation," in 1994.  

B. Atmospheric Release Concentrations (ARCON) 96 modeling 
techniques - ARCON96 methodology is described and 
recommended by NRC in NUREG/CR-6331, Revision 1 "Atmospheric 
Relative Concentration." ARCON96 determines the atmospheric 
dispersion or X/Q values used to predict the dose to control 
room personnel from plant releases during normal operation 
and accident conditions. TVA evaluated the results of using 
the ARCON96 methodology and the currently used Halitsky 
Methodology for the accident analysis. The ARCON96 
methodology provides more realistic meteorological factors 
to define atmospheric pathways of radioactive effluents and 
estimates of changes in concentrations as a result of 
atmospheric dispersion.  

C. Total Effective Dose Equivalent - TEDE values were 
calculated based on the product of the isotopic 
concentrations and the concentrations-to-dose conversion 
factors for the isotopes. TEDE is becoming an increasingly 
common method of dose measurement. TEDE dose measurements 
were added to the calculation for information only and are 
not intended to be the Licensing Basis for WBN.  

Other assumptions which are different from those in TVA's 
September 18, 2000, letter, Enclosure 3, Attachment 1 are as 
follows: 

A. Main Control Room Ventilation System isolation time - The 
revised value for Main Control Room Ventilation System 
Isolation (due to high radiation in the Control Building 
Ventilation intake) was changed from 0 to 20.6 seconds.  
This includes signal processing time and physical time to 
isolate the intake.  

B. Letdown flowrate revision - In accordance with Westinghouse 
Nuclear Safety Advisory Letter (NSAL)-00-004, the maximum 
Iodine production is related to letdown flow rate. It is 
possible for WBN to utilize both a 45 gpm letdown orifice 
and a 75 gpm letdown orifice together to obtain 120 gpm. An
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ATTACHMENT 1 

WATTS BAR NUCLEAR PLANT UNIT 1 

PROPOSED TECHNICAL SPECIFICATION CHANGE WBN-TS-99-014 

OUTSIDE DIAMETER STRESS CORROSION CRACKING (ODSCC) 

DESCRIPTION OF CHANGES 

additional 4.39 gpm of measurement uncertainty was added to 

ensure conservatism.  

C. RCS Operational leakage - In accordance with Westinghouse 
letter NSAL-00-004, RCS Operational Leakage must also be 

considered in the production of Iodine. The WBN Technical 

Specification limits this value to 11 gpm (10 gpm identified 

leakage and 1 gpm unidentified leakage).  

D. Reduction in RCS Specific Activity - WBN has identified the 

need to reduce the Technical Specification 3.4.16, RCS 

Specific Activity, (both steady state and 48 hour spike).  

In the calculation, the 48-hour value is reduced to 21 

xCi/gm and the steady state value is reduced to 0.265 

[LC i / gm.  

E. Primary to secondary leakage - The WBN MSLB dose calculation 

determined with the steam generator primary to secondary 

leakage limit of 1 gpm would result in main control room 

doses and LPZ doses being below the 10 CFR 100 limit and 

below 10 CFR 50, Appendix A, General Design Criteria (GDC)

19, Control Room, limits.  

F. The calculation model was also changed to reflect the steam 

generator boiling dry to incorporate an NRC comment from the 

February 7, 2001, teleconference.  

As previously stated, COROD, Revision 5 and FENCDOSE, Revision 4 

were revised to incorporate more recently issued and more 

realistic methods. The above methodology changes have been 

previously approved by NRC for use at other plants. The 

methodology changes and the above assumptions were discussed in 

the teleconference calls and the July 17, 2001, meeting.  

Attachment 2 of this enclosure provide a revised listing of the 

assumptions for the MSLB dose calculation and Attachment 3 

provides the calculation performed by TVA.  
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ENCLOSURE 1 
ATTACHMENT 2 

WATTS BAR NUCLEAR PLANT UNIT 1 
OUTSIDE DIAMETER STRESS CORROSION CRACKING (ODSCC) 

MAIN STEAM LINE BREAK DOSE CALCULATION SUMMARY 

[REVISED ENCLOSURE 3, ATTACHMENT 1 OF SEPTEMBER 18, 2000 LETTER] 
It has been previously established in Generic Letter 95-05 that a 
postulated main steam line break (MSLB) outside of containment but 
upstream of the main steam isolation valves (MSIVs) represents the 
most limiting radiological condition relative to the alternate 
voltage based repair criteria for axial ODSCC.  

A calculation has been performed by TVA to determine the 
permissible steam generator primary-to-secondary leak rate during 
a steam line break for WBN Unit 1. The calculation determined 
that 1 gallon per minute (gpm) (at standard temperature and 
pressure) primary-to-secondary leakage in the faulted steam 
generator would result in site boundary doses within 10 CFR 100 
guidelines and control room doses within the 10 CFR 50, Appendix 
A, General Design Criteria (GDC) -19 limit. The establishment of 
the 1 gpm value is controlled by the control room inhalation dose.  

The calculation used TVA computer codes STP Revision 6, FENCDOSE 
Revision 4, and COROD Revision 5. The STP output is used as input 
to COROD, which determines control room operator dose and 
FENCDOSE, which is used to determine the 30-day Low Population 
Zone (LPZ) and the 2-hour Exclusion Area Boundary (EAB) dose.  

Two methods of determining the resultant dose for main steam line 
break were used in accordance with the Standard Review Plan 
15.1.5, Appendix A methodology: 
1) A pre-accident iodine spike where the iodine level in the 

reactor coolant spiked upward to the maximum allowable limit 
of 21 pCi/gm 1-131 equivalent (value currently 
administratively controlled at WBN) just prior to the 
initiation of the accident.  

2) The reactor coolant at the maximum steady state dose 
equivalent 1-131 of 0.265 pCi/gm with an accident initiated 
iodine spike consisting of a 500 time increase on the rate of 
iodine release from the fuel.  

In both cases, the primary-to-secondary side leak is 150 gallons 
per day (gpd) in the unfaulted loops, and the secondary side 
activity is at the WBN Technical Specification LCO 3.7.14 limit of 
< 0.1 4Ci/gm dose equivalent 1-131.  

Assumptions for the Postulated MSLB accident.  

1. RCS Letdown flow of 124.39 gpm is used.  
2. RCS Letdown demineralizer efficiency is assumed to be 1.0 for 

iodines.  
3. ANSI/ANS-18.1-1984 spectrum was used and was scaled up to 

0.265 or 21 pCi/gm equivalent iodine.  
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ENCLOSURE 1 
ATTACHMENT 2 

WATTS BAR NUCLEAR PLANT UNIT 1 

OUTSIDE DIAMETER STRESS CORROSION CRACKING (ODSCC) 

MAIN STEAM LINE BREAK DOSE CALCULATION SUMMARY 

4. Two cases were used. In the first, pre-Accident Iodine Spike 

of 21 jLCi/gm dose equivalent 1-131 in the RCS was used. In 

the second case, an accident initiated iodine spike which 

increases the iodine release rate to a value 500 times 

greater than the release rate corresponding to the iodine 

concentration at the equilibrium into the reactor coolant 

from the fuel rods.  
5. Primary side to secondary side leakage of 150 gpd standard 

temperature and pressure per steam generator in the intact 

loops.  
6. It is assumed that the primary-to-secondary leakage mass 

release to the environment is 1 gpm standard temperature and 

pressure from the faulted loop.  
7. Steam generator secondary inventory released as steam to the 

atomosphere: 
1. total from the non-defective steam generators 

(0 - 2 hr), 480,000 lb 
2. total from the non-defective steam generators 

(2 - 8 hr), 871,000 lb 
3. total from the faulted steam generator (0 - 30 mins), 

150,000 lb and (30 mins - 8 hr), 0 lb 

8. Iodine partition coefficients for steaming of steam generator 

water 
1. non-defective steam generators (initial inventory) and 

primary-to-secondary leakage, 0.01 
2. faulted steam generator (initial inventory and primary

to-secondary leakage), 1.0 

9. Atmospheric dilution factors, X/Q, are as follows for LPZ 

(sec/m 3 ) 
1. 0-2 hr - 1.41E-4 
2. 2-8 hr - 6.68E-5 
3. 8-24 hr - 4.59E-5 
4. 1-4 days - 2.04E-5 
5. 4-30 days - 6.35E-6 

10. Atmospheric dilution factor, %/Q, for 2-hr EAB is 6.07E-4 

sec/M 3 .  

11. Atmospheric dilution factors, X/Q, (ARCON96) are as follows 

for the control room (sec/m 3 ).  
1. 0 - 2 hr 4.03E-3 
2. 2 - 8 hr - 3.35E-3
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ENCLOSURE 1 
ATTACHMENT 2 

WATTS BAR NUCLEAR PLANT UNIT 1 

OUTSIDE DIAMETER STRESS CORROSION CRACKING (ODSCC) 
MAIN STEAM LINE BREAK DOSE CALCULATION SUMMARY

12. Main 
1.  
2.  
3.  
4.  
5.  

6.  
7.

Control Room related assumptions 
Volume - 257,198 cu ft 
Makeup/pressurization flow - 711 cfm 
Recirculation flow - 3600 cfm 

Unfiltered intake - 51 cfm 

Filter efficiency - 95% first pass, 70% second pass, 
0% for noble gases 
Isolation time, T = 20.6 sec.  
Occupancy factors: 
1. 0-24 hr - 100% 
2. 1-4 days - 60% 

3. 4-30 days - 40%

Main Steam Line Break Dose Calculation Results

1 gpm Primary-to- Control 

Secondary Leakage Room 

(ARCON-96 X/Q) Operator 
(rem)

Accident Initiated Iodine Spike Ca 
Gamma: 0.010 
Beta: 0.076 
Inhalation (ICRP-2): 27.34 
Inhalation (ICRP-30): 14.47 
TEDE:* 0.504

30-Day 2-Hour EAB ::$:p 
LPZ (Site :idancie 
(rem) boundary) ij0 

(rem) :D~o 

.t .. ... ....... ... .

(0.265 pCi/gm steady state)
0.068 0.073 
0.0167 0.019 
6.077 5.784 
2.662 2.515 
0.266 0.260

Pre-Accident Iodine Spike Case (21 pCi/gm max peak) 

Gamma: 0.006 5 0.009 0.028 

Beta: 0.055 0.003 0.009 

Inhalation (ICRP-2): 22.03 301.923 4.952 

Inhalation (ICRP-30): 12.09 3 i1.011 2.527 
TEDE:* 0.410 0.070 0.185

* TEDE dose numbers are provided for information only and are not intended to 

be the Licensing Basis for WBN.
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Purpose

The purpose of this calculation is to determine the offsite and control room operator dose due to a Main Steam Line 
Break (MSLB). The results will be used in FSAR ch.15.5 to show compliance with 10CFR100 and 1OCFR50 App-A GDC 
19. This calculation also establishes the maximum primary to secondary side leakage and the maximum 1-131 
equivalent concentrations in the primary and secondary side coolant.  

Revision 6 is performed to incorporate the Tritium Production Core (TPC). The previous revision computer runs 
were redone with tritium (in the reactor coolant due to two TPBAR failure, which is the bounding case for normal and 
abnormal operation). The control room operator doses were performed with two sets of X/Q values: 1) the original 
Halitsky methodology XIQ (the current licensing basis of the plant as of June 2001) and 2) the newer ARCON96 XIQ 
values as found in WBNAPS3-104 (ref.20). The different X/Q methods are performed because the plant may transition 
from Halitsky to ARCON96 X/Q methodologies in the future. The main calculation has the primary side 1-131 
concentration at 0.2654Ci/gm (with a maximum preaccident spike of 21 pCi/gm 1-131) with a maximum of 10 gpm 
known reactor coolant leakage, plus 1 gpm unknown, with a maximum 1 gpm post accident primary to secondary side 
leak in the steam generators. Additional cases were performed in Appendix G for the steady state 1-131 equivalent limit 
of 1.0 and 0.177 pCi/gm, and also cases with 60 and 11 ;Ci/gm 1-131 equivalent maximum. These cases were performed 
to help establish possible future Technical Specification limits. The latest versions of COROD (R.5) and FENCDOSE (R4) 
were used which determines thyroid doses based on ICRP.2, ICRP.30 and also performs the TEDE. Finally, the noble 
gas concentrations are increased to the maximum allowable based on 100/Ebar calculations.  

Introduction 

A Main Steam Line Break at the Watts Bar Nuclear Plant will result in a significant steam release to the 
environment. The steam will contain radionuclides if a primary to secondary side leak occurs prior to the MSLB event.  
This calculation is performed to show that the offsite and control room operator doses do not exceed the 10CFR100 and 
10CFR50 App.A GDC 19 dose limits.  

This calculation uses the computer code STP (ref.3) to determine the activity releases. The STP output is used as 
input to computer codes FENCDOSE and COROD. Computer code FENCDOSE (ref.4) is used to determine the offsite 
dose. Computer code COROD (ref.5) is used to determine the control room operator dose. The base FENCDOSE and 
COROD models are taken from WBNTSR-008 (ref.9).  

There are several cases modeled. The first case has a pre-accident iodine spike where the iodine level in the reactor 
coolant is at the maximum allowable of 21 pCi/gm 1-131 equivalent (ref.1). The second has the reactor coolant at the 
maximum steady state 1.131 equivalent of 0.265 pCilgm with an accident initiated iodine spike consisting of a 500 increase in the rate of iodine release from the fuel. In both cases, the primary to secondary side leak is 150 gpd in the 

unfaulted loops, and the secondary side activity is at the Technical Specification limit of 0.l1Ciigm and the primary to 
secondary side leak in the faulted loop is 1 gpm which flows directly to the environment to simulate steam generator 
dryout. To establish the I release rate from the fuel, a preaccident 10 gpm known reactor coolant leak is used with a 1 
gpm unknown leak for a total of 11 gpm. Additional cases are performed in Appendix G with a maximum leakage other 
than 10 gpm (to be determined in this calculation by iteration) so as to not exceed the 10CFR100 or 10CFR50 App.A 
GDC 19 limits. Finally, other cases were performed in Appendix G with 10 gpm leak (or other maximum leakage, to be 
determined by trial and error) with maximum allowable iodine concentration of 6OCi/gm 1-131, or 11 pCi~gm 1-131, or 
with 1.0. or 0.177 gCi/gm, 1-131 equivalent with 500 factor of spiking. These extra cases were performed so as to give 
additional information for possible future changes in Technical Specifications. In all of the cases in Appendix G, except 
for two cases in the main text, the steady state reactor coolant leakage (all identified leakage) prior to the accident is the 
same as the maximum allowable primary to secondary side leakage in the steam generators. The unidentified reactor 
coolant leakage (1 gpm) is not included in the steam generator leakage. The exception to the above is main text cases 
where the maximum reactor coolant leakage is 11 gpm (10 gpm identified + 1 gpm unidentified) prior to the accident, 
and a maximum of 1 gpm in the steam generators poet accident. The relative isotopic spectrum is taken from 
WBNNAL3-003 (Reactor Coolant Activities in Accordance with ANSI/ANS-18.1.1984). Justification of the usage of this 
spectrum as opposed to the historical design spectrum as found in chapter 11 of the FSAR can be found in Appendix A.  

Assumptions 
1. The primary side to secondary side leakage is 150 gpd/steam generator, steady state, with 10 gpm (or maximum leak 
rate determined so as not to exceed the 10CFR1OO or 1OCFR50 AppA GDC 19 dose limits) on the faulted steam 
generator starting at the beginning of the accident.  
Technical Justification: 150 gpd/steam generator and the 10 gpm (or other value based on this calculation) are for 
potential future Technical Specification changes. These values are assumed values for this analysis.  
2. The maximum letdown of 120 gpm (ref.16) + 4.39 gpm uncertainty for a total of 124.39 gpm is used.
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Technical Justification: This will maximize the removal rate of iodines from the primary coolant, and therefore will 
maximize the production rate of iodine (production = removal at steady state) and is consistent with NSAL-00-004. See 
Calculation section for the formulas used. Note, this value is used for calculation of iodine production/removal rates. The 
letdown is assumed to be isolated at the beginning of the accident to maximize the reactor coolant inventories. The 
uncertainty of 4.39 gpm is determined in Appendix B.  
3. The primary to secondary side leak rates and letdown flow rates are based on Standard Temperature and Pressure 
(STP).  
Technical Justification: STP conditions will result in higher densities, therefore higher masses, especially when 
determining the production rate of iodines.  
4. It is assumed that the faulted steam generator dries out at the start of the accident, resulting in an iodine partition 
factor of 1.0 per ref. 10.  
Technical Justification: Following an accident, the Main Steam Line will be isolated and the Main and Auxiliary 
Feedwater will also be isolated. Since the worst case accident occurs with the line associated with a Steam Generator 
with Technical Specification leakage, that Steam Generator will dry out. In reality, this dry out will not occur until all 
feedwater has been isolated, and the water boiled off. Assuming dry out conditions at time zero is clearly conservative.  
5. In the intact steam generators, the iodine partition factor is assumed to be 100.  
Technical Justification: The mass of primary to secondary leakage which occurs to the intact steam generators is small 
relative to the mass of secondary coolant. Therefore none of this leakage is assumed to flash and the release to the 
environment is through the steaming process. Reference 10 allows a partition factor of 100 for such cases.  
6. A preaccident iodine spike of 21 iCi/gm 1-131 equivalent is assumed at the start of the accident. In other cases, an 
accident initiated iodine spike of 500 increase in the iodine release rate from the fuel is assumed in the accident 
initiated case with the reactor coolant starting at 0.265 JACi/gm 1.131 equivalent.  
Technical Justification: SRP 15.1.5 subsection 4a specifies the maximum allowable preaccident spike is required (60 
jsCilgm is permissible for 48 hours. This case is performed in Appendix G. The 21 iCXigm case is performed in the main 
text which is to support future Tech Spec changes). SRP 15.1.5 subsection 4b specifies that following an accident, the 
iodine release rate from the fuel to the reactor coolant is increased by a factor of 500. The various cases were performed 
to provide the leakages and concentrations which would result in acceptable control room and offaite doses.  
7. The letdown demineralizer efficiency is assumed to be 1 for iodines.  
Technical Justification: This will maximize iodine removal (=production) rate, and therefore result in larger iodine 
spiking.  
8. The control room isolates in 20.6 seconds (ref.9) due to high radiation in the Control Building Ventilation intake (400 
cpm, ref.18). This will result in an unfiltered puff into the control room for that 20.6 seconds.  
Technical Justification: This is based on 14 seconds closure time of the dampers, plus 6.6 seconds instrument response 
time.  
9. The tritium inventory in the TPC assumes 2 TPBAR failures (98.4 pCi/gm in the reactor coolant, per WBNNAL3-003, 
ref.2).  
Technical Justification: This will maximize the tritium release.  
10. The iodine production rate is based on 10 gpm identified primary side leakage (all leaks) plus 1 gpm unidentified 
leak, for a total of 11 gpm.  
Technical Justification: This is per Technical Specification 3.4.13 (ref.21), or a potential modification for the Technical 
Specification, and maximizes the iodine production rates. This methodology is consistent with NSAL-00-004, ref.22.  
11. It is assumed that the secondary side concentrations are at the maximum of 0.1 pCi/gm 1-131 equivalent.  
Technical Justification: This is the maximum allowed by the Technical Specifications (reL23) and is conservative.  
12. The noble gas inventories are maximized by scaling them up to 100/Ebar.  
Technical Justification: This maximizes the noble gas inventories. 100/Ebar is the Technical Specification limit.  
13. It is assumed that there are no fuel failures associated with the accident.  
Technical Justification: This accident will not uncover the core, therefore the core will not see extreme temperatures 
which would lead to fuel failure.  

Special Requirements/Limiting Conditions 
There are no special requirements or limiting conditions in this calculation.  

Calculations 
The STP models consist of a pre-accident iodine spike (see figure 1) model and an accident initiated iodine spike 

model (see figure 2). The model(s) consist of the following: 

Volumes: 
#1: Reactor Coolant: 5.4E5 lb (ref.2) = 2.4494E8 gm
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#2: Steam Generator w/Leak: 4.745E7 gm (ref.6, note, this value should be 4.735E7, however this difference will 
not affect any answers since this component is not used in the models) 

#3: Steam Generators w/out Leak: 1.424E8 (ref.6, note this value should be 1.421E8, however this will not 
significantly affect the results since it is less than 1% off).  

#4: Environment: 1 gm (arbitrary) (This volume is made into an accumulator through the "A" card to suppress 
radioactive decay) 

Step Sources: 
The following equation is used to set up the initial activities (in Ci) for each component using the initial 

ANSI/ANS-18.1-1984 source modified for WBN operational parameters (which is in units of [XCi/gm): 
S = Component Volume [gnm] * 1E-6 Ci/4LCi * 1-131 equivalent conversion factor 

To obtain the 1.131 equivalent conversion factor, the ANSI/ANS-18.1.1984 spectrum must be converted to 1-131 
equivalence. See Appendix A for justification for using the ANSI/ANS-18.1-1984 spectrum. From WBNTSR-008, the 
1-131 equivalence is: 

1-131 equivalent = dose conversion factor (D/A) * concentration / 1. 131 dose conversion factor 
D/A pCi/gm 1-131 equivalent 1 ACi/gm 

mrads/Ci coolant ANSI-18.1 pLCijgm 1-131 equivalent 
(ref.9) (ref.2) (validation) 

1-131 1.48E+09 4.77E-02 4.77E-02 3.80E-01 
1-132 5.35E+07 2.25E-01 8.13E.03 6.48E.02 
1-133 4.OOE+08 1.49E-01 4.03E-02 3.21E-01 
1-134 2.50E+07 3.64E-01 6.15E-03 4.90E.02 
1-135 1.24E+08 2.78E-01 2.33E-02 1.86E-01 

total 1.06E+00 1.255E.01 1.000E+00 
inverse 7.965E+00 

The above table shows that the 1-131 equivalent concentration of the initial RCS ANSI 18.1 source term is 0.1255 uCi/gm, 
as compared to 1 uCi/gm when the RCS is at the TS allowable concentration. Consequently, to ratio the initial source term 
up to the TS allowable values, the ANSI 18.1 concentrations must be multiplied by 1/0.1255 or 7.965. Note: this equivalence 
is based on ICRP-2 iodine dose conversion factors because this is what Chemistry uses. Some of the final dose results are 
based on ICRP-30. Utilizing the different ICRP conversion factors in this case is appropriate because in the above case, the 
ICRP-2 establishes the inventories, which is independent of determination of doses due to releases.  

For the secondary side concentrations from WBNNAL3-003, the same procedure is performed to determine the 
1-131 equivalence: 

D/A pCi/gm secondary 1-131 equivalent 
mrads/Ci side, water ANSI 18.1 ptCi/gm 

1-131 1,48E+09 1.41E-06 1.41E-06 
1-132 5.35E+07 3.37E-06 1.22E-07 
1-133 4.OOE+08 4.03E-06 1.09E-06 
1-134 2.50E+07 2.93E-06 4.95E-08 
1-135 1.24E+08 6.19E-06 5.19E-07 

total 1.79E-05 3.189E-06 
inverse 3.136E+05 

To convert to 1-131 equivalence, the secondary side 1-131 equivalent conversion factor is (1/3.189E.6) 3.136E5 gm/pCi 
(Note: since there is no Technical Specification limit on gross activity for the secondary side like the 100/Ebar for the 
primary side, this factor is also applied to the secondary side noble gasses in order to retain the proper isotopic ratios).  

The isotopes other than iodine in the primary coolant must also be scaled up. In NUREG-0800 R2 
Chapter 15.6.3, section 111.5 states "The reviewer assumes the primary and secondary coolant activity 
concentrations allowed by the technical specifications." Reference 3 (of the NUREG-0800) states the 
following "The specific activity of the reactor coolant shall be limited to: a. Less than or equal to 1 
microCurie per gram DOSE EQUIVALENT 1.131, and b. Less than or equal to 100/E microCuries per gram 
of gross activity." 

Given the above considerations, the isotopic spectrum found in WBNNAL3-003 was examined. The 
100/E values for this particular spectrum are determined in the following Table:
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Table 2: Determination of 100/EBAR

E(i) 
Beta Energy 

rMeV/di•1

2.5290E-01 
2.5060E-01 
1.3237E+00 
3.7500E-01 
1.4280E-01 
1.8980E-01 
1.3540E-01 
9.5000E-02 
3.1680E.01 
1.2842E+00 
2.0617E+00 
1.5690E-01 
1.0140E-01 
1.8840E-01 
5.5460E-01 
3.7540E-03 
4.1670E-03 
4.1920E-03 
1.1800E-01 
2.0490E-01 
9.6840E-02 
6.8940E-03 
5.7300E-01 
1.9630E-01 
6.5050E-01 
9.3610E-01 
0.0000E+00 
6.0600E-01 
1.1721E+00 
1.1990E-01 
4.4970E-02 
3.9570E-01 
4.8500E-03 
6.7400E-02 
1.0100E-02

E(i) 
Gamma Energy 

[MeV/disl
1.5862E-01 
2.2102E-03 
7.9284E-01 
1.9629E+00 
2.0058E-02 
4.1559E-02 
4.5385E-02 
4.3176E-01 
2.4696E-01 
1.6816E+00 
6.8631E-01 
1.0361E+00 
2.1985E+00 
0.OOOOE+00 
4.1216E+00 
3.2763E-02 
8.3592E-01 
1.5291E-03 
1.1923E+00 
9.7586E-01 
2.5043E+00 
5.8169E-01 
1.3636E-04 
0.OOOOE+00 
6.9508E-01 
0.0000E+00 
5.5557E-01 
3.6147E-03 
8.9414E-02 
7.3474E-01 
7.6430E-01 
1.6238E-01 
1.4263E-01 
4.8394E-01 
0.OOOOE+00

Isotone

Kr-85m 
Kr-85 
Kr-87 
Kr-88 

Xe-131m 
Xe-133m 

Xe-133 
Xe-135m 

Xe-135 
Br-84 
Rb-88 
Cs- 134 
Cs-136 
Cs-137 
Na-24 
Cr-51 

Mn-54 
Fe-55 
Fe-59 
Co-58 
Co-60 
Zn-65 
Sr-89 
Sr-90 
Sr-91 
Y-90 

Y-91m 
Y-91 
Y-93 
Zr-95 
Nb-95 
Mo-99 
Tc-99m 
Ru-103 
Ru-106

A(i) 
Activity 
ruCi]LmI
1.71E-01 
2.66E-01 
1.61E-01 
3.OOE-01 
6.54E-01 
7.17E-02 
2.53E+00 
1.39E-01 
9.04E-01 
1.72E-02 
2.04E-01 
7.39E-03 
9.08E-04 
9.79E-03 
4.99E.02 
3.26E-03 
1.68E-03 
1.26E-03 
3.16E-04 
4.84E-03 
5.58E-04 
5.37E-04 
1.47E-04 
1.26E-05 
1.02E-03 
1.26E-05 
4.93E-04 
5.47E-06 
4.46E-03 
4.10E-04 
2.95E-04 
6.75E-03 
5.01E-03 
7.89E-03 
9.47E-02

E(i) 
Total

4.1152E-01 
2.5281E-01 
2.1165E+00 
2.3379E+00 
1.6286E-01 
2.3136E-01 
1.8079E-01 
5.2676E-01 
5.6376E-01 
2.9658E+00 
2.7480E+00 
1. 1930E+00 
2.2999E+00 
1.8840E-01 
4.6762E+00 
3.6517E-02 
8.4009E-01 
5.7211E-03 
1.3103E+00 
1.1808E+00 
2.6011E+00 
5.8858E-01 
5.7314E.01 
1.9630E-01 
1.3456E+00 
9.3610E-01 
5.5557E-01 
6.0961E-01 
1.2615E+00 
8.5464E-01 
8.0927E-01 
5.5808E-01 
1.4748E.01 
5.5134E.01 
1.0100E-02

A(i)*E(i/
7.04E-02 
6.73E-02 
3.40E-01 
7.01E-01 
1.06E-01 
1.66E-02 
4.57E-01 
7.35E-02 
5.10E-01 
5.09E-02 
5.60E-01 
8.82E-03 
2.09E-03 
1.84E.03 
2.33E-01 
1.19E-04 
1.41E-03 
7.22E-06 
4.14E-04 
5.72E-03 
1.45E-03 
3.16E-04 
8.44E-05 
2.48E-06 
1.37E-03 
1.18E-05 
2.74E-04 
3.34E-06 
5.63E-03 
3.51E-04 
2.38E-04 
3.77E-03 
7.38E-04 
4.35E-03 
9.57E-04

I . . .
A • -_•-i, *E --S.. . f -- = -- • - i .. . .. .. is
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Determination of 100/EBAR - continued

E(i) 
Beta Energy 

[MeV/dis]
3.4620E-02 
7.0960E-01 
1.9150E-01 
5.2260E-01 
2.1240E-01 
7.5970E-01 
1.0020E-01 
6.4260E-02 
3.1500E-01 
5.4050E-01 
1.6930E-01 
3.8420E-01 
9.1300E-02 
3.1430E-01 
1.2258E+00 
1.2380E-01

Eq) 
Gamma Energy 

[MeV/dis]
2.2148E-05 
2.0348E-01 
9.4832E-02 
5,9948E-02 
1.4092E+00 
4.1616E-01 
2.0507E-01 
5.9729E-01 
1.9522E-01 
2.3074E+00 
1.0181E-01 
3.4335E-01 
3.2865E-02 
0.OOOOE+00 
3.1010E-02 
2.0845E+00

Total 5.82E+00

EBAR 5.91E-01

RCS Specific Activity Limit 169.14

The definition of EBAR or E is as follows: "E shall be the average (weighted in proportion to the 
concentration of each radionuclide in the reactor coolant at the time of sampling) of the sum of the average 
beta and gamma energies per disintegration (in MeV) for isotopes, other than iodines, with half lives greater 
than 15 minutes, making up at least 95% of the total non-iodine activity in the coolant." 

The values for Ei in the above table were obtained from reference 9 and the values for Ai are from 
WBNNAL3-003. The value of E is determined as follows: 

Ebar = E = (ZA1Ei)/ (EA) 

The value for E calculated in Table 2 is 0.591 MeV/dis. This results in a non-iodine specific activity limit 
(100/E) of 169.14 pCi/g. The total specific activity of the expected coolant is 5.82 gCilg.  

Therefore, the values for noble gasses in the design reactor coolant will have to be increased by a factor 
of 169.1415.82 = 29.06.

Isotope
Rh-103m 
Rh-106 

Te-129m 
Te-129 

Te-131m 
Te-131 
Te-132 

Ba-137m 
Ba-140 
La- 140 
Ce- 141 
Ce-143 
Ce-144 
Pr-143 
Pr-144 
Np-239

A(i) 
Activity 
[uCi/gm]
7.89E-03 
9.47E-02 
2.OOE-04 
2.57E-02 
1.59E-03 
8.26E-03 
1.79E.03 
9.79E-03 
1.37E-02 
2.64E-02 
1.58E-04 
2.96E-03 
4.21E-03 
2.96E-03 
4.21E-03 
2.32E-03

E(i) 
Total

3.4642E-02 
9.1308E-01 
2.8633E-01 
5.8255E-01 
1.6216E+00 
1.1759E+00 
3.0527E-01 
6.6155E-01 
5.1022E-01 
2.8479E+00 
2.7111E-01 
7.2755E-01 
1.2417E-01 
3.1430E-01 
1.2568E+00 
2.2083E+00

A(i)*E(i)
2.73E-04 
8.65E-02 
5.73E-05 
1.50E-02 
2.57E-03 
9.71E-03 
5.47E-04 
6.48E-03 
6.98E-03 
7.52E-02 
4.28E-05 
2.15E-03 
5.23E-04 
9.30E-04 
5.29E-03 
5.13E-03 

3.44E+00

SRev: 6 1 Plant: WBN I Page: 12'

I

ICalculation No. WBNAPS3-077



I Calculation No. WBNAPS3-077 I Rev: 6 1 Plant: WBN I Page: 13
Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: p.s I Date: g-1..I 

Steam Line Break Checked: 0,()V Date: •(•toI 

The step sources (Ci.gm/gCi) to initialize the reactor coolant and the secondary side activities are: All caaes: 
S=2.4494E8 gm*1E-6 Ci/gCi * 29.06 --7.118E3 (noble gasses) 
S=2.4494E8 gm*lE-6 Ci/4Ci = 2.4494E2 (tritium) 

Pre-accident iodine spike case (initial concentration = 21 jACi/gm): 
S=2.4494E8 gm*IE.6 Ci/VCi * 7 .965[jCi/gni 1.131]-l *21,iCi/gm 1-131 = 4.097E4 (iodines) 

Accident initiated iodine spike case (initial concentration = 0.265 iACi/gm): 
S=2.4494E8 gm*1E-6 Ci/ACi * 7.965 [IiCi/gm 1-131]-1*0.265 giCi/gm 1-131= 5.170E2 

Secondary side, all cases, steam generator w/ leak, release to environment. (concentration = 0.lpCigm) which is 
due to dryout (from reference 8, the steam released for a 1 gpm primary to secondary leak case from the defective steam 
generator is 150,000 lb): 

S = 150,000 lb *453.59 g/lb * 1E-6 Ci/IiCi * 3.136E5 [iCi/gm 1-131]"l* O.lpCi/gm 1-131 = 2.1337E6 
S = 150,000 lb *453.59 g/lb * 1E-6 Ci/iCi 6.8039E1 (tritium) 

Secondary side, all cases, steam generators without leak (initial concentration = 0.1 j±Cilgm): 
S = 1.424E8 gm * 1E-6 Ci/gCi * 3.136E5 [Ci/gm 1-131]".* 0.1pCi/gm 1.131 = 4.466E6 
S = 1.424E8 gm*lE.6 CiIVCi = 1.424E2 (tritium) 

Continuous Sources: 
For the accident initiated iodine spike case, the iodine spike is 500 times the iodine release rate from the fuel. At 

steady state, the iodine release (production) rate is equal to the removal rate. The iodine removal is due to a) radioactive 
decay, b) removal by the letdown system, and c) removal through reactor coolant leakage. These terms are expressed as: 

P = Zremoval rates = decay + letdown + leakage 
or P = + fiXJV + ps/V 
where P = production rate [hr"1] 

X = decay constant for the isotope in question [hr"1] = [n(2)/Ti/2 
fL = letdown flow rate = 120 gpm + 4.39 gpm = 124.39 gpm 

= letdown demineralizer efficiency = 1 (assumed so as to maximize removal/production rate) 
V = volume of primary coolant = 5.4E5 lb 
p. = removal rate of iodine from the primary side due to preaccident primary side leakage 

= 11 gpm (10 gpm identified + 1 gpm unidentified) 
TV2 = halflife taken from ref. 15 

Note: all the above flow rates are converted to mass flow rates at STP: 

Production Rates for a Reactor Coolant Leak of 11 gpm (10 gpm identified + I gpm unidentified) 
Half Life X [1ihr] fLs/V [1/br] p,/V [1/hr] prod rate P [1/hr] 

1-131 8.04 d 3.59E-03 1.15E-01 1.02E-02 0.1291 
1-132 2.28 h 3.04E-01 1.15E-01 1.02E-02 0.4296 
1-133 20.9 h 3.32E-02 1.15E-01 1.02E-02 0.1587 
1-134 52.6 m 7.91E-01 1.15E-01 1.02E-02 0.9162 
1-135 6.61 h 1.05E-01 1.15E-01 1.02E-02 0.2304
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The accident initiated iodine spike of 500 times the increase in the iodine release (production) rate from the fuel is 
modeled as a continuous source: 

C = Volume * IE-6 Ci/4Ci * Prod. Rate * 500 * 1 jiCi/gm 1-131 equiv. conversion factor*I-131 equiv.  
where Volume = 2.4494E8 gm 

Prod Rate = see table above 
1 j±Ci/gm 1-131 equivalent conversion factor = 7.965 ( value determined above, this is to get the ANSIIANS- 18.1

1984 source into 1 jiCi/gm 1-131 equivalent 
1-131 equiv. = 0.265 .Ci/gm 1-131 

Continuous Source [gm-Ci/pCi-hr] for Accident Initiated Iodine Spike: 

Reactor Coolant Leak of 11 gpm (10 gpm identified + 1 gpm unidentified) 
case: 0.265 vCi/gm 1-131 

1.131 3.338E+04 
1-132 1.110E+05 
1.133 4.103E+04 
1.134 2.368E+05 
1.135 5.956E+04 

Flow Rates: 

The following flow rates/leakage rates for each component are (determined by trial and error with the ultimate goal 
being to find the flow/leak which would lead to the offsite/control room doses reaching the regulatory limits): 

Flow from Reactor Coolant #1 to Environment #4 all classes (10 gpm case): 
F = 10 gpm * 60 min/hr * 3785.48 cc/gal * lg/cc = 2.271E6 glhr 

Flow from Reactor Coolant #1 to Environment #4 all classes (1 gpm case, note that this case is for I gpm leak in 
the steam generators, however the production rate of iodines is based on 11 gpm=10gpm identified +lgpm unidentified): 

F = 1 gpm * 60 min/hr * 3785.48 cc/gal * lg/cc = 2.271E5 g/hr 
Flow from Reactor Coolant #1 to Steam Generator w/ no Leak #3 all classes: 

F = 3 steam generators * 150 gpd * 3785.48 cc/gal/ 24 hr/day * Ig/cc = 7.098E4 g/hr 
From reference 8, the steam released for a 1 gpm primary to secondary leak case from the defective steam 

generator is 150,000 lb (0-30 min), and 1000 lb (30 min - 8 hr), and from the non-defective steam generators (= "steam 
generators without leak" in this model) is 480,000 lb (0-2 hr), and 871,000 lb (2-8 hr). The accident releases end at eight 
hours. From reference 11 and 12, the steam released for a 10 gpm primary to secondary leak case is an additional 2509 
lb (at STP) in the 0.30 min time period, and a total of 42290 lb (at STP) from 30 min to 8 hr. To take into account 
uncovery of the faulted steam generator, there is no iodine partitioning in the release to the environment (iodine 
partition coefficient = 1). The mass release representing 10 gpm primary to secondary side leak is a flow directly to the 
environment. This is reflected in the flows listed above. For other leak rates, the flow cards will correctly take into 
account the mass released.  

The reactor coolant release to the unfaulted steam generator is small relative to the secondary side mass, therefore 
partitioning is allowed per the SRP. The iodine partition coefficient due to steaming for the unfaulted steam generators 
to the environment is 100. These mass releases translate into the following flows: 

Flow from Steam Generators w/out Leak #3 to Environment #4: 
F = (480,000 lb)(453.59 g/Ilb)(2 hr) = 1.0886E8 g/hr (0-2 hr, noble gasses, tritium) 
F = (480,000 lb)(453.59 g/lb)/(100*2 hr) = 1.0886E6 glhr (0-2 hr, iodines) 
F = (871,000 lb)(453.59 g/Ilb)/(6 hr) = 6.5846E7 g/hr (2-8 hr) (noble gasses, tritium) 
F = (871,000 lb)(453.59 g/lb)/(100*6 hr) = 6.5846E5 g/hr (2-8 hr) (iodines) 

The STP output is used as input to COROD (which determines control room operator dose) and 
FENCDOSE (which determines 30-day and 2-hour LPZ offsite dose).  

Some pertinent information from the COROD and FENCDOSE models used (but not changed) in this 
analysis are (from ref.9): 
30-day LPZ Offsite X/Q values [seccum]: 1.41E-4 0-2hr, 6.68E-5 2-8 hr, 4.59E-5 8-24 hr, 2.04E-5 1-4 day, 
6.35E-6 4-30 day 
2-hr EAB X/Q values: 6.07E-4
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Control Room XIQ (Halitsky method): 4.07E-3 0-2 hr, 2.47E-3 2-8 hr, 1.68E-3 8-24 hr, 1.18E-3 1-4 day, 
8.89E-4 4-30 day (note: the 8+ hr X/Q values take into account control room vent switching, however it is 
not important what values are used since there are no 8+ hr releases.) 

Control Room X/Q (ARCON96 method): 4.03E-3 0-2 hr, 3.35E-3 2-8 hr, 2.27E-4 8-24 hr, 1.81E-4 1-4 day, 
1.45E-4 4-30 day 

Control Room volume: 257198 cuft 
Control Room makeup/pressurization flow: 711 cfm (3200 cfm prior to isolation, ref.24) 
Control Room total flow: 3600 cfm 
Control Room unfiltered intake: 51 cfm 
Control Room filter efficiency: 95% first pass, 70% second pass, 0% for tritium, 0% all elements prior to 

isolation 
Control Room occupancy factors: 100% 0-24 hr, 60% 1-4 days, 40% 4-30 days 
ICRP-2 and ICRP-30 dose conversion factors (internal to the codes)
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Figure 2: STP Model 
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Results 
The following results are based on a Tritium Production Core (TPQ). A case for the conventional core 

was also performed to show that the TPC bounds. It is also performed to show that the conclusions and 
limitations are not affected by the choice of cores The results were (rem): 

Control room doses (rem) using Halitsky X/Q values: 
Pre-accident Iodine spiking case

1-131 equivalent: 21 uCi/cc 
RCS leak rate: 1011 gpm SG* limit

gamma 5.765E-03 5 
beta 4.845E-02 30 
Inhalation (ICRP-2) 2.194E+01 30 
Inhalation (ICRP-30) 1.203E+01 30 
TEDE 4.044E-01 5 J0 - q1|o01 
* In this case, the pre-accident reactor coolant leak rate is4t'gpm, and the primary to secondary side steam 
generator post accident leak rate in the steam generators is 1 gpm.  

Accident Initiated Iodine Spiking (500) case
1-131 equivalent:T 0.265 pCi/cc 

RCS leak rate:110/lgpm SG*j limit
gamma 8.322E-03 5 
beta 6.438E-02 30 
Inhalation (ICRP-2) 2.586E+01 30 
Inhalation (ICRP-30) 1.378E+01 30 
TEDE 4.732E-01 5 
* see note (*) above 

Control Room Doses (rem) Using ARCON96 XJQ values: 
Pre-accident Iodine spiking case

1-131 equivalent: 21 pCi/cc 
RCS leak rate: 10l1gpm SG* limit 

gamma 6.269E-03 5 
beta 5.459E-02 30 
Inhalation (ICRP-2) 2.203E+01 30 
Inhalation (ICRP-30) 1.209E+01 30 
TEDE 4.098E-01 5 
* see note (*) above 

Accident Initiated Iodine Spiking (500) case 
1-131 equivalent: 0.265 pCi/cc ' 

RCS leak rate:, 10/lgpm SG* limit
gamma 9.636E-03 5 
beta 7.583E-02 30 
Inhalation (ICRP-2) 2.734E+01 30 
Inhalation (ICRP-30) 1.447E+01 30 
TEDE 5.035E-01 5 
* see note (*) above
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The offsite doses were determined to be (rem): 
Pre-accident Iodine spiking case 

1-131 equivalent: 21 jiCilcc 
leak rate: 10 gpm, lgpm SG* 

2-hr EAB 30-day LPZ limit 
gamma 2.813E-02 9.216E-03 25 
beta 8.876E-03 3.395E-03 300 
Inhalation (ICRP-2) 4.952E+00 1.923E+00 300 
Inhalation (ICRP-30) 2.527E+00 1.011E+00 300 
TEDE 1.849E-01 6.960E-02 2& . €tD/ 
* In this case, the pre-accident reactor coolant leak rate is Jo gpm, and the primary to secondary side steam 
generator post accident leak rate in the steam generators is 1 gpm.

Accident Initiated Iodine Spiking (500) case 
1-131 equivalent: 0.265 uCi/cc 

leak rate: 10 gpm, 1 gpm SG* 
2-hr EAB 30-day LPZ limit 

gamma 7.377E-02 6.814E-02 2.5 
beta 1.863E-02 1.676E-02 30 

Inhalation (ICRP-2) 5.784E+00 6.077E+00 30 
Inhalation (ICRP-30) 2.515E+00 2.662E+00 30 

TEDE 2.601E-01 2.657E-01 2.5 
* see note (*) above 

Discussion and Conclusion 
The offsite doses due to a MSLB with preaccident iodine spiking has 10CFR100 limits of 25 rem gamma, 

300 rem beta, and 300 rem thyroid. The offsite doses due to a MSLB with accident initiated iodine spike 
(factor of 500) has limits of 10% of the 10CFR100 limits or 2.5 rem gamma, 30 rem beta, and 30 rem thyroid 
(ref.10). The control room operator doses limits from IOCFR50 App.A GDC 19 are 5 rem gamma, 30 rem 
beta, and 30 rem thyroid.  

With the Technical Specification limits of 1 gCi/gm 1-131 equivalent steady state (and 60 pCi/gm 
maximum), the control room and offsite doses exceed the limits with a 10 gpm leak in the faulted line and 
150 gpd in the unfaulted lines, and with either Halitsky or ARCON96 XIQs.  

From the above tables; + c LU.:.'ts 4rt '. Op 1/1I// 
21 pCi/gm 1-131 equivalent 48 hour limit 
0.265 ICi/gn 1-131 equivalent equilibrium limit 
maximum primary to secondary side leak rate: 11 gpm (10 identified, + I gpm unidentified) 

prior to accident, 1 gpm in steam generators post accident 
Refer to Appendix G for other optional leakage and concentration cases.  

Note: these limits are based on a maximum 0.1 uCi/gm 1-131 limit in the secondary side and using ARCON96 
X/Q values. If the secondary side limit were to be reduced, then the primary to secondary side leakage and 
the primary side 1-131 concentrations can increase. The results based on ARCON96 X/Q values should be 
used to determine the concentrations and leak rates because they bound (produce higher doses) than the 
current Halitsky X/Q values.  

The Tritium Production Core (TPC) does not affect the limits above, because the limiting doses are the 
thyroid doses. The tritium affects only the beta dose and TEDE. The TPC obviously bounds the non-TPC 
configuration.  

This calculation is conservative because it models the mass releases as linear within each time interval.
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This allows larger iodine releases for the accident initiated iodine spiking cases because iodine increases over 
time in the reactor coolant. In reality, the mass releases are greater at the beginning of the accident, and 
decrease over time. For the pre-existing iodine spike (which is not the limiting case), this has little effect, 
since the decay of short lived isotopes is compensated by the buildup of iodine in the unfaulted steam 
generators due to reactor coolant leakage.  

Note on methodologies used: 
This calculation determined the doses using 3 different methodologies. The gamma, beta and Thyroid 

(ICRP-2) doses are all based on TID-14844 methodologies utilizing the ICRP-2 iodine dose conversion factors 
found in TID-14844 and are the current (as of June 2001) licensing basis of the plant. The second 
methodology is the Thyroid (ICRP-30) dose, which is also based on TID-14844, but uses the ICRP-30 iodine 
dose conversion factors. The ICRP-30 iodine dose conversion factors are less conservative than the ICRP-2 
factors. This methodology is presented for potential future use. Finally, the third methodology used is the 
TEDE (Total Effective Dose Equivalent). The TEDE presents an overall weighted dose and is more 
representative of the impact of all isotopes on the body as a whole. The TEDE dose is presented for potential 
future use, however is not currently (as of June 2001) part of the design basis of the plant. It is important to 
note that tritium does not impact the thyroid doses utilizing the TID-14844 methodology, because only iodine 
is applied to the thyroid dose. However, in fact tritium does contribute to the thyroid dose, as well as other 
organs of the body. This is why the TEDE is a more representative dose when discussing the impact of 
tritium. It is up to the end user to choose the dose which is to be used, with the understanding that each 
methodology has a different meaning.
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Appendix A: Justification for Using ANSI/ANS-18.1-1984 Expected Coolant Spectrum 

The choice of iodine spectrum is fairly important, since several isotopes have short halflives. Noble gas spectrum is 
not at important because the noble gasses contribute only to the gamma and beta doses which are orders of magnitude 
from the regulatory limits, whereas the limiting doses are thyroid (iodine influenced). Results may be affected when 
accident times are on the order of the decay of the short lived isotopes. There are several possible spectra available. The 
spectrum chosen for this analysis is the one that most closely resembles the actual spectrum present at WBN. From the 
surveillance tests I-SI-68.28 performed on 7/10100 and 4/9/01 (see Attachment 1), the following concentrations were 
determined: 

RCS activities 7/10/00 RCS activities 4/9/01 
pCi/gm ltCilgram gCigm ACi/gram 

RCS RCS RCS RCS 
Gaseous Degassed Gaseous Degassed 

Ar-41 1.303E-02 F-18 1.179E-01 At-41 2.696E-03 F-18 1.116E-01 
Kr-85M 1.915E-04 Na-24 9.169E-04 Kr-85M 2.013E-04 Na-24 2.060E-03 
Kr-87 4.575E-04 Mn-56 9.313E-05 Kr-87 4.809E-04 Mn-56 2.088E-04 
Xe-133 9.565E.04 Co-58 5.019E-04 Kr-88 4.982E-04 Co-58 6.218E-04 
Xe-135 1.429E-03 Nb-95 3.132E-05 Xe-133 1.202E-03 Co-60 2.776E-05 

Xe-135M 7.364E-04 1-131 6.070E-05 Xe-135 1.676E-03 Nb-95 2.794E-05 
Xe-138 1.796E-03 1-132 1.459E-03 Xe-135M 1.105E-03 1-131 3.881E-05 

1-133 8.208E-04 1-132 1.165E-03 
1-134 2.694E-03 1-133 6.105E-04 
1-135 1.608E-03 1-134 2.334E-03 

Xe-135 8.914E-05 1-135 1.158E-03 
Xe-135M 1.406E-02 Xe-1 35 1.380E-04 
Cs-138 2.395E-03 Xe-135M 1.972E-02 

Cs-138 2.195E-03 
Two potential spectra are from WBNNAL3-003 (Reactor Coolant Activities in Accordance with ANSI/ANS- 18. 1-1984) 
and from the FSAR Table 11.1.2 (Historical Design Activities). The iodine concentrations and relative concentrations for 
each spectrum are as follows: 

7/10/00 7/10/00 4/9/01 4/9/01 
WBN actual WBN actual WBN actual WBN actual 

_Ci/gm relative fraction piCi/gm relative fraction
1-131 6.070E-05 0.0091 3.881E-05 0.0073 
1-132 1.459E-03 0.2196 1.165E-03 0.2195 
1-133 8.208E-04 0.1236 6,105E-04 0.1151 
1-134 2.694E-03 0.4056 2.334E-03 0.4399 
1-135 1.608E-03 0.2421 1.158E-03 0.2182 
sum: 6.643E-03 5.306E-03 

ANS 18.1 ANS 18.1 FSAR 11.1-2 FSAR 11.1-2 
_Ci/gm relative fraction ACilgm relative fraction

1-131 0.0477 0.0448 2.5 0.2461 
1-132 0.225 0.2115 0.9 0.0886 
1-133 0.149 0.1401 4 0.3937 
1-134 0.364 0.3422 0.56 0.0551 
1-135 0.278 0.2614 2.2 0.2165 
sum: 1.0637 10.16
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As can be seen, the FSAR historical design concentrations do not reflect the actual measured concentrations.  
The FSAR values are weighted too strongly in favor of 1- 131 (24.6% of total as opposed to < 1% of the actual 
total). By comparison, the ANSI/ANS-18.1-1984 fractions are very close to the actual fractions. The worst fit 
was for 1-134 which was 40.1% actual versus ANSIIANS-18.1-1984 34.22%. The 1-131 is slightly over 
predicted by ANSS-18.1 (0.9% on 7/10/00 and 0.7% on 419/01 versus 4.48%), however this difference is not as 
large compared to the FSAR fraction. The ANSI/ANS-18.1-1984 spectrum overall fit is much better than the 
FSAR spectrum, therefore it can be concluded that the use of the ANSI/ANS-18.1-1984 spectrum is 
acceptable.
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Appendix B: Determination of Letdown Flow Rate Uncertainty 

The purpose of this appendix is to determine bounding errors for the measurements performed on the orifice 
restrictor flows using the Letdown Heat Exchanger Flow loop (1-F-62-82) during Preop Test Instruction PTI-062
03 RO.  

Following these tests, a loop check was performed for the computer point F01 34A by injecting a signal into the 
transmitter and reading the display on the computer. To determine the total loop error, the unmeasurable errors 
must be combined with the errors present at the time of the loop check.  

WBN NESSD 1-F-62-1 will be used as a guide for determining the unmeasurable errors for loop 
1-F-62-82 since it contains the same model flow element and a similar model transmitter. According to EMPAC, 
the flow element is a Vickery Simms Model MK-52 and the transmitter is a Foxboro E-13DM.  

Millers Flow Measurement Engineering Handbook, Third Edition, Chapter 6, Table 6.1 states that Square Edged 
orifice flowmeters have an accuracy of ±1-2%URV (upper range value) of the flow rate. A value of ±2% will be 
used for the orifice.  

The loop check performed by WO 94-14264-10 (following pages) gives as found data. The largest error at 50 
GPM was 1.36 GPM (50 - 48.64) or 0.68% CS (1.36/200 = 0.68%). The largest error at 100 GPM was 0.48 GPM 
(100 -99.52) or 0.24% CS (0.48/200 =0.24%). The largest error at 150 GPM was 0.06 GPM (150 - 149.94) or 
0.03% CS (0.06/200 = 0.03%).  

Since the plant had not been started at the time of these tests, radiation was not present and need not be 
considered. Errors for temperature and power supply effect will need to be included. Since there is no data on 
actual temperature conditions, an enveloping value must be used. Environmental drawing 47E235-46 R5 gives 
the max abnormal temperature range as 50 - 110 OF for coordinates UA6 / El 737 where the transmitter is located 
per EMPAC. The transmitter is a model E-13DM per EMPAC. The product specification sheets (following pages) 
give the ambient temperature effect as ±1% per 50 OF for any span between 200 to 850" water. The transmitter 
will normally be calibrated at room temperature which will be between 60 and 80 OF. A temperature shift of + or 
50 OF will encompass the temperature changes seen by the transmitter. Therefore for a temperature range of 
±50 OF, the temperature effect will be ±1% CS dip. The power supply effect is given as 0.1% CS for a 10% 
change in voltage. Thus Power supply effect is 0.1% CS dip.

All errors for the computer should be reflected in the loop check.
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Utilizing Equation 3-24.8 of W WCAP-12096, Rev. 8 'Westinghouse Setpoint Methodology for Protection 
Systems, Watts Bar Units 1 and 2, Eagle 21 Version," the unmeasured transmitter errors can be converted from 
percent error in full scale dip to error in percent full span at a specified point where Fm is the maximum flow rate 
of 200 GPM, and Fn is the nominal flow rate (i.e. 50, 100 or 150 GPM).

EPFS (Flow) = (AXxx I 
Temp,(Flow)@50GPM = 
TempW(Flow)@100GPM 
TempW(Flow)@1 50GPM 

pwr supp,(Flow)@50GPM 
pwr suppWr(Flow)@1 OOGPM 
pwr suppWf(Flow)@1 50GPM

2) * (Fm / Fn) 
(Temp,,, (dip) / 2) * (200 / 50) = ± 2% CS Flow 
= (Temp,, (d/p) / 2) * (200 / 100) = ± 1% CS Flow 
= (Temp, (d/p) / 2) * (200 / 150) = ± 0.67% CS Flow

(pwr supp. (dip) / 2) * (200 / 50) = ± 0.2% CS Flow 
(pwr supp,, (dip) / 2) * (200 /100) = + 0.1% CS Flow 
(pwr supp,,, (d/p) / 2) *(200 1150) = + 0.067% CS Flow

Thus total loop error = (FEW2 o + Loop check W, 2 +TempW, (Flow) 2 +pwr supp• (Flow) 2)0°S 
Total loop error @ 50 GPM = (22 + 0.682 + 22 + 0.22)0.5 = ±2.92% CS = ±5.84 GPM 
Total loop error @ 100 GPM = (22 ÷ 0.242 + 12 + 0.12)0-5 = ±2.25% CS = ±4.5 GPM 
Total loop error @ 150 GPM = (22 2 0.032 + 0.672 + 0.0672)0-s = ±2.11% CS = ±4.22 GPM 

Total loop error at 120 GPM can be determined by linear interpolation between 100 and 150 GPM. The value will 
be conservative since the error is nonlinear and is a function of the square root of the d/p values above and the 
actual loop recorded values which also follow a square root curve.  

Total loop error @ 120 GPM = ± Jerror @ 100 GPM + 20(error @ 150 GPM - error @ 100 GPM) ((150- 100) 
Total loop error @ 120 GPM = ±[4.5 GPM + 20(4.22 - 4.5)/50] = ±[4.5 GPM + (-0.11)] = ±4.39 GPM 

The following references were used in preparation of this appendix. Revisions to these references will not impact 
this appendix; so the references are 'information only' in lieu of 'design input'.  

1 WBN NESSD 1-F-62-1 RI (Methodology & guidance) 
2 EMPAC (Manufacturer, Model number and location) 
3 Millers Flow Engineering Handbook, Third Edition, Chapter 6, Table 6.1 (Orifice accuracy) 
4 WO 94-14264-10 (loop check data) - see next page 
5 Drawing 47E235-46 R5 (environmental data) 
6 Foxboro product specification sheets (transmitter accuracy data) - see next pages 
7 VWCAP-12096 R 8 (methodology for converting d/p error to flow error)

Prepared Lynn Cowan 
Checked ,•,t'•

Date 6/4/01 
Date e.Lz- .

I Rev

Z
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Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: ev2 J Date: .1-s 

Steam Line Break Checked: Opq I Date: /

Supporting documents for Appendix B:

WORK ORDER FORM PAGE 
WO NO: 94-14264-lo ORIGINATION DATE: 06/22/94 
RI' NO: C254025fl l n 
ORIGINATOR: JAMES R RIVERS EXTENSION: 3181 PRIO 

EQUIPMENT IDENTIFIER : WBN-1-LPp-062g 2-00.2
EQUIPMENT DESCRIPTION: EXCESS LETDOWN HTX FLOW 

EQUIPMENT CATEGORY t QR SR IE 

TYPE OF MAINTENANCE: OTHER MAINTENANCE 

PROBLEM DESCRIPTION: PEVMM POST7 T a7C, .j bOF !,ye, 701

JOB LOCATION 
LOCATION CODE 

WORK DES'.RIPTION

RITY: 3C

: VARIOUS LOCATIONS, SEE SSD 
- Ai00 - AS ALL AUXILIARY BUILDING GENERAL AREA 

PERFORM POST TEST CALIBRATION OF 1-LPF-062-O082, 
AS REQUIRED, FOR PTX-062-03 ACCEPTANCE CRITERIA

LCO: YES [ I NO EX] LENGTH: R.- LCO EXPIRES: 
SECT XI R/R: YES [ ] NO (XJ NPRDS: YES [,) NO -RWP REQ : YES I NO CX] RWP .: / ALARA: YES [ I NO (X1 

SPECIFIC REQUIREMENTS: kICAJE '-V

TAGGING REQ: YES NO [X] 
SCAFFOLD : YES ( I NO (X] 

PERMITS REQ: NONE 

DISCIPLINE: MNG 
EST HOURS ; 4.0 
PRE-MAINT TEST REQ. : NONE

H.0. i; /0 SH=OWN: YES [_ _NO (X) 
INSUL: YES ( J NO IX T 

TASK TOT: 8.0 MAN HOURS 
DURATION; 4.0 HOURS

POST-MAINT TEST REQ.: SEE WORK INSTRUCTIONS 

SIGNATURES AND DATE 

TECH REVrEW:/ 0 1 /0 . .. , .,1
"I- 

�*

.J



Calculation No, WBNAPS3-07
7  Rev: 6 Plant: WBN Page: 27 Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: D Steam Line Break C c d Dat -, 

j+: •, 14:.l_ 2,.ece.o .a/ 
•PG 10 O po, 17 PAC ' ._-49 C,;.7 ! IN T U E R EV I s Io 14 0 1 . . , . "j -

INSTRUHfl4 LOOP CALZIUTION'iTgCOAO 

wIoNO: 1Wo 94- 142 6 4 10 
LOOP COMPONENTS .O" l-FT.Ez..aa I INSTRUMEJ1T NO: HiEAD;: 

•/A W E:- A I? LTE: VISUL 
TEST INPUT EqJRoLET 

N I~ 
POINT IN C E RD SLIMIT AS) 14tt LIMIT LO LIMIT AS LEFT I LI 

----- l .3 _ [ 20.3 23.3 33 .3 233 3- 
39.1 50.0 4S.0 . - ..  

.3 1 " -..  
. --. " ~~ ~ lo. I5. 100 S.l---- '- -I.0 . 105.O 

"331,-6Is 1 o -. - 14S.0 -• I°".0 1 -+.0" . . .  5941 
105.0 

3595.0 95.  W-0. 04S.O I 00 - .  

3s1.6 -- 150.0 - 145.0 
7 154 .3 - 10.05.0 

94,015.0 
S 39.1 

IO. 50105.0 0 

2 .45 

.0 - 1- .5 5- 45.'-5--0 28.3 23. - • I ,, 

I..4
STR32E1 NO: LOG Pt FO)34.  

M&TE; VISUAL TEST REQUIRED AS FOUND 
POINT GPM LOLI 

AS LEFT " TL 
AS FOUND MI LIMIT LO LIMIT AS LEFT HI LIMIT I 28.30 23 

. ....  -.. .-0-2-- 38 .3 23.1I 32.38 2 5 0 .0 0 4 7 .3 4- - -. 3 4 .. 2 6 '•"L 5j 47.34 4: 52.265 3 100.00 
------

a 9SO . 101 .14 98.66 101.14 . 149.08 s-i 150.6" 149.081 
r 195.00 194.32 1 195.60 194.3Z 195.60 

7 100.00 98.88a 
150.---"• 149.08 

250.68 

-• - I - ' -- - -- -I 
a .- -, -1o -. I 50.00 2 .------. 8 2•7.3 4 

.3 

IGRE ,-;O._, +," lOOT 
N O YE (,4 I PC 

P EAFO R NE O D Y/D0A lE 7es 7 N I N r~ ý R V. N O 

" '+'+--- ------"--
Function. Lotdon Heat ENCh FlIo.  

Revit.od by: Ga,.., L. I'Hyden Approved by: Ed Hall Date: 03/10/94



Calculation No. WBNAPS3-077 Rev: 6 Plant: WBN Page: 28 
Subjct:Offslte and Control Room Operator Doses Due to a Main Prped A Dt: Sujet:Steam Line Break Prepared: Date: 1/% 16

I .
F- 1 'QXBORO

General Specification
E.l Scsawoo Swims dip Call Transitters rasawnr diff.  

*lSvtlilpruw* Aflkrww Of 0-5 ta 4460l 1w~ (0-127 
is "IwoU vormi Of wow Aat M*ti prumth up ft 6M0 
pol (4N ksfwAi2 .Tby woaftao a proportional 10 to so 
or 4 to 20 mA 44 siai. ov to ordiary uniWded loda.  " toraalvuui tocata u to aqrtu dmoludw f(I" froM ih 

FeATURES 

H1h Pwfonuanmo - Eitc.Bent Riptoduclbiity 

ENO of beatlon1W Adrjfsuti - Wda Rarip Capability

Stable Fomc Balanc Syrtm 

Positive Onfmunge Prouction 

A~plication Vuuaatirity.  

ma$s~epuofltulw~aly af

Fo -

PERFORMANCE 

(12110o1333=4n~ 
3= eto &'04ý 

D..da~r~______________0AZ% at x~et 

E330M. jpOl .1%.  
010%D of wwn

llnt~ra ffet f 44vgWOIk l4we&AuW~ty. Deaid Emd &Ad 
Ori n tn otadl

BASS TRANSMITTER 
ST4NDARP. SPECtFICATIONS 

Style 8
"a r-Vsirji jl-3a betwomtraNgelieits ofa psk 

WftmAW" h'oo T-nsseg'tur 260 F 1120 C)i at ca 
stAe 

AWAM~i T-ampegojge LmIMNS .40to *300 - (.40 to 
4(12 CL. itht remote mnplituw. -40 to 4250 F W-4 to 
-t12O CL * 
"Iifo~tf S19e1 CIO SOews and taut throug body ord 

C01-s ThredadedCast alutminurn seawe on 6qr*N OrngV 
SUL. ODe twusdtxdiyl Imnsh.  

Ewmomm~aeeI~~eNEMA 4%watertight 
Baru"ahTebnuIhWaafAmpl~fie Sl sotiale 
E6eMkd Cenmucdone Tw* 5-fo [oteds front 1124jnd 
f-ait -W4tA* u

8p~c~n~o~w I 610L.

0-6 to 0-25 v 
10-127 to 0463

Law ilang CW&UWl 

"HNi Rang PWcapsule

Vhrlna4 I- USA.

0Ut;WutS . -- .. ". l 

WW ". (M" L904 N Untft s

SIIpI Volftp Umnlu 24 o 60vou wth4 Ito 20 
MA output and 63 Wo 100 %vlS d~c W~it 10 to 50 -A 

Awoy~~Voltapei fhct Zero SNfs Will bltwican 0".1% 
of sma for a 10% dumig in %volage widtt. Stated QrLm.  
fles* Clauft"WUo Eaiplotiotrwoo( ~alusa I G ps C 
&W D, DlWon 1.  
Mouat~n irv ct to omooma tvth breackt tor 24och hon.  
zontal of wrecai pi"a

Saire Et0 are 130H Swrks 

0.20 to a-205" water 0-2 to 0-2fl waers 
(0506 to 0-$207 mrol to.606 to 0.5207 uimI 
0-20.0 to 04W5 water -0-20D to 04350- water 
10060 to 0-21SQ90m -1 55to-1Q~tt 

*GS 2A-1CI. E
0., tw 107

'7'

1j
'-A 

C,

.4 -. 1-



Calculation No. WBNAPS3-077 - 7Rev: 6 Plant: WBN Pae 9 
Subject: Offslte and Control Room Operator Doses Due to a Main Prepared: tsC& I Date: f1-ol 

Steam Line Break lChecked:,OtP JDate:-5 ý.

S&......I 

a 
STANDARO SP�ClFlCATlO4LS

(Carisinud)

Wound Fare: 
Body an tiroom Conrw 

04~ hcapsyk at 
For"e Bar 

Facer aSoe So 
Capsule Casket
Procs Corns GAset
forme B-eal Gaske~t..  
Gacltup Plate

.Maxdmuum Settl enwar 
hovel Conetaft

A~nhiat Temp rsen 
Eff's (zero Shft in 
paucantof $pan)

onea, o

I *7

i130~ Swim 1130M Swid I siU .

CadmUm plased forged w*r 
bott steel of forged 318553 

316 sakiln estes! 
Cobalt nselrul alloy 
316 "ass nodsee 
TFE 
Siligone ellastorner 
3 *. astinless steell

19IIV/3 (410 mmin 
6 7/8- (175 mml W.  
32 lb (15 kgI

H x

6cif~xnlatdfogedst'Cadaium plated foged at
bon steel or f9rgetIG 155 bonstsel or forgod 316SS

316 atainietssled 
Cobalt nckel alloy 

316 sa VA160 sled
2000 psi 1140 lcgicm2) 
1/4 or 117 UPT femal, or 
U/2 inch Sch 80 welding 
000e. alSpecfied.  

Medium Range Capsule: 
A0%per 100 -F (55 C) 

changeat 100- 1254a.nsn) 
water s.1.0% per 125 F 
(89 C1 at 2M" (5207 mm) 
water &IQY_*per 40 F (22 
Cl at 25" 1635 rvp) water.  
High Rayg. Capsule. Lou 
thaeW 1% pat W F 128C1 

.cltangim for' any ipmI bt
tween, 200 to Gs0 IS08 
to 21600 rmen waere.  

KacrWuna Of Issithn U% 
zwg sh(If fot 90 doegre tilt 
of uimnasrsent in any plan.  
Lea dun I U IwoshIffor 
vibraition to 2G in any 

zero SwIft &= than 0.5% 
spin for 2000 pal (140 Illa 
aCi2) dwwatg So t0 :o8 
(I270to2IG90mmIwatur 

I for 1000 pal (70 
Is dhange alt 21) to 

SO" O50 to 1270 mm) wa.  
ter.  

13 1/4- C137 mnil, H 
6 7 /r It75 men)W.

25 lb (11 kel
lI*ga Verluecb'dlaly. ref to YWAr nwt Foxboro Salts OffCe.

316 staInk s teal 
Cobalt nike~l allay 
3 16 stailness;steel 

Gass filled TFe 
Bufta-N , 
316 sana te 
6=0 psi (420 kg/a¶ 2 i 
1/4 or 1/2 llPT or bony 
machined to asnept 9/16.  

1BAmincoillnngs~as spee.  
Xoid.  
Med0(ium Range CaDPsle: 
*1.% per 100 F (SA-C) 
efiangeal 10" (25404 if") 
water &I.0% per 125 F 
(69 C) at 206" (5207 mm) 
-ut- &1 .0% per 40 F (22 

CI at 2S" (635 nsma water.  
HSig Range Cactu.: I= 
th'anAl% per!50 F (28 C) 
char," for any sport be
twan MO0 to 850- (5080 
to 21500 mmii water.  

Maximtum of le=tlawn3%.
zaro 5131ifor (90 degreefilt 
Of kWAuuuenean: i y plane 
Loisthan I% Iwo AhFt for 
vibration I* 2G In any 

Zero SKIft fecs dun 1.516 
*an for 0400 psI 10421) 
&%

2 1 dwage at !50 o 
120to 21500mm) 

water or U.% Wpon for any 
2000 psi (140 kg/an2l 
diang 2.0% span for 0 to 
GOCpsI P0to 420 kg/*s%2J 
Change at 20 to E50.1508 
to 12 70 -1n water or 1.0-A 
span foranj2000 psi (140 

14 1)2" (368 mm)o X4 
6 7/fi(17S miniW.

40 h(IS ko ; I

CA, 2A-1C1.I
I

50602i~ 135 kgtMs21 
1/4 or 112 NPT famale or 
1/2 inch, Sd% 80 V4tld'irg 

A1.0% per 100 F (55 Cl 
char," at Z" (635 mmr) 
w~ater &I.0% per 40 F (22 

Cl diar'g at 5- 4127 mmni 
vwaer.  

Trantmitto, should be 
moLnted wdit ýcapsule In 
Vertieal position, 

LMu than 1.56 Zaro SW If 
forvibration to 1.50 in any 
plane, at fre*=W~ces leas 
06an 80 Hx.  
Maximurn zer shift lea 
dstar 0.5% of span for 500 
PSasi (35 k/cR1,2j chane.

a
E130L S-L-



Calculation No. WBNAPS3-077 Rev: 6 Plant: WBNI Page: 30 
Subject: Offslte and Control Room Operator Doses Due to a Main Prepared: Date: 

Steam Line Break Checked: V d I Date: ,ý/'/ (

Appendix C: Example of Pre-Accident Iodine Spike STP Model 

//APS77S6A JOB 264318,9MBERG.BIN111,MSGLEVBL-1,MSGCLASS-T 
//*MAIN ORO=LOCAL, CLASS=LB 

//JCL JCLLIB ORDER= (APB.NEN.PS264460.PROCLIB) 
// EXEC STP,SOUT='*' 
//GO.F`T07FO01 DD DSN-$KBI98S.APS77S6A.OUT,UNIT=ALLOC, 
// DCB-(RECFM.FB,LRECL=80,BLKS1ZE=6160),SPACE-(TRK, (5,2) ,RLSE), 
// DISP- (NEW, CATLG, DELETE) 
//GO.FTO1F001 DD * 
NV- 4 MS- 2 
//GO.FT11F001 DD 
$ CLASS DESCRIPTION 
$ 1 NOBLE GASES 
$ 2 IODINE 
$ 3 TRITIUM

7 NG- 0 NL
1 1.0352E-04 
1 4.29788-05 
1 2.0470E-09 
1 1.5141E-04 
1 6.8765E-05 
1 3.6328E-03 
1 6.74149-07 
1 3.5656E-06 
I 1.5165E-06 
I 7.3818E-04 
1 2.1043E-05 
1 8.1528E-04 
2 9.9536E-07 
3 8.4448E-05 
4 9.2568E-06 
5 2.1963E-04 
6 2.9129E-05 
2 9.9536E-07 
3 8.4448E-05 
4 9.2568E-06 
S 2.1963E-04 
6 2.9129E-05 
7 1.7785E-09 
DD *

10.0 
10.0 
29.8849E-06 
10.0 
10.0 
10.0 

131.3039E-08 
152.036SE-07 

83.5656E-06 
174.80622-06 
107.3818E-04 

10.0 
10.0 
30.0 
10.0 
i0.0 
10.0 
10.0 
10.0 
10.0 
30.0 

o0.0 
10.OOOOE+00

30.0 
10.0 
10.0 
10.0 
3.0.0 
10.0 

181.3039E-08 
202.0365E-07 
159.0531E-06 
224.8062E-06 
172.4322E-05 

10.0 
10.0 
10.0 
10.0 
30.0 
10.0 
10.0 
30.0 
10.0 
10.0 
L0.0 
10.OOOOE+00

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

209.0533E-06 
10.0 

222.4322E-05 
10.0 
10.0 

.0.0 

.0.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0000E+00

1 'REACTOR COOLANT ANS/ANSI-18.1-1984 uCx/GM, WBNAPS3-003 R3' 
1 0.0 2 1.71E-1 3 2.66E-1 4 1.61E-1 5 3.00E-1 6 0.0 
7 6.54E-1 8 7.17E-2 9 2.53E0 10 1.39E-1 11 9.04E-1 12 1.299-1 
13 4.77B-2 14 2.25E-1 15 1.49E-1 16 3.64E-1 17 2.788-1 
18 0.0 19 0.0 20 0.0 21 0.0 22 0.0 23 9.84E1 

0 
2 'SECONDARY COOL ANS/ANSI-18.1-1984 UCI/GM, WBNAPS3-003 ].3' 

1 0.0 2 3.63E-8 3 5.51E-8 4 3.22E-8 5 6.318-8 6 0.0 
7 1.34E-7 8 1.54E-8 9 5.25E-7 10 2.908-8 11 1.91E-7 12 2.682-8 
13 1.419-6 14 3.378-6 15 4.03E-6 16 2.93E-6 17 6.19E-6 
18 0.0 19 0.0 20 0.0 21 0.0 22 0.0 23 9.84E-2 

0 
T 
WBN MSLB, 60 UCI/CC INITIAL CONC, 10 GPM LEAK 
NJ- 4 KCONC. 1 
1 'REACTOR COOLANT' 
2 'STEAM GENERATOR W/LEAK' 
3 'STEAM GENERATORS/NO LEAK' 
4 'ENVIRONMENTT' 
-1 
INITIALIZATION 
V 1 2.4494E8 GM 
V 2 4.74SE7 GN 
V 3 1.42488 GN

NI= 23 NK= 
1KRM 83 
2KRM 85 
3KR 8S 
4KR 87 
5KR 88 
6KR 89 
7XEM 131 
8XEM 133 
9XE 133 
1OXEM 135 
1IXE 135 
12XE 138 
131 131 
141 132 
151 133 
161 134 
171 135 
1.8I 131 
191* 132 
201* 133 
21I* 134 
221* 135 
23H 3 

I/GO. SYSIN3



Calculation No. WBNAPS3-077 Rev: 6 Plant: WBN I Page: 31 
Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: tL Date:S-1oo/ 

Steam Line Break Checked: Date: ýAla

V 4 1.0 GM 
S 1 1 0 1.1712S 
S 1 1 1 7.118E3 
S 2 3 0 4.466E6 
S 1 1 7 2.4494E2 
S 2 3 7 1.424E2 
S 2 4 1 2.1337E6 2 4 2 2.1337E6 2 4 3 2.1337E6 
S 2 4 4 2.1337E6 2 4 5 2.1337E6 2 4 6 2.1337E6 
S 2 4 7 6.8039E1 
A4 
F 1 3 0 7.098E4 GM/HR 
F 3 4 0 1.0886E6 GM/HR 
F 3 4 1 1.0886E8 GM/HR 
F 3 4 7 1.0886E8 GM/HR 
F i 4 0 2.271E6 GM/HR 

20.6 SEC 
TIME TO 20.6 SEC 
N4 0 
P 1 0 4 

2.0 HR 
TIME TO 2.0 HR 
N 4 0 
P 1 0 4 
8.0 HR 
TIME TO 8.0 HR 
F 3 4 0 6.5846E5 GM/HR 
F 3 4 1 6.5846E7 GM/HR 
F 3 4 7 6.5846E7 GM/HR 
P 1 0 4 
T 
T 
/-~ 
//



Calculation No. WBNAPSSO077 
Rev: 6 Plant: WEN Page: 32 Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: L& Date: .1-oI Steam Line Break 

Appendix D: Example of Accident Initiated Iodine Spike (factor of 500 increase) STP Model 
//APS77SNB JOB 26431a, 9MBERG.EINI11,MSGLEVEL1,lMSGCLASS=T 
//*MAIN ORG-LOCAL, CLASS.LB 
//JCL JCLLIB ORDERE (APB.NEN PS264460 PROCLIB) // EXEC STP,SOUT='*, 
//GO. FT07F001 DO DSN-$KBIs8a .APS77S6B. OUT, UNIT=ALLOC, // DCBr (RECFM-PB,LRECL-80, BLKSIZEE6160) ,SPACE= (TRK, (5,2] ,RLSE), // DISP= (NEW, CATLG, DELETE) 
//GO.FTo0FOOI DD * 
NV- 4 MS- 2 
//GO.FTrIFrOo DD * 
$ CLASS DESCRIPTION 
$ 1 NOBLE GASES $ 2 IODINE 
$ 3 TRITIUM 
NI.. 23 MX.. 7 NG= 0 ML.. 3 21KP 83 1 1.0352E-04 10.0 10.0 10.0 2KRM 85 1 4

. 2
978E-05 10.0 10.0 10.0 3KR 8S 1 2.0470E-09 29,8849E-06 10.0 10.0 4KR 87 1 1.5141E-04 10.0 10.0 10.0 51R 88 1 6.8765E-05 10.0 10.0 10.0 6KR 89 1 3.6328E-03 10.0 10.0 10.0 7XEN 131 1 6.7414E-07 131.3039E-08 181.3039E-08 10.0 8XEM 133 1 3

-5656E-06 1 5 2
.0365SE-07 2

02.0365E-07 10.0 9XE 133 1 1.5195E-06 83.5656E-06 159.0531E-06 209.0531E-06 10XEM 135 1 7.3818E-04 1 7 4
.8062E-06 2 2

4.8062E-06 10.0 IIXE 135 1 2.1043E-05 207.3818E-04 172.4322E-05 222.4322E-05 12XE 138 1 8.1528E-04 10.0 10.0 10.0 131 131 2 9.9536E-07 10.0 10.0 1.0.0 141 132 3 8.44482-05 10.0 10.0 10.0 151 133 4 9.2568E-06 10.0 10.0 10.0 IGI 134 5 2.1963E-04 10.0 10.0 10.0 171 135 6 2.9129E-OS 10.0 10.0 10.0 1BI* 131 2 9-9536E-o7 10.0 10.0 10.0 191' 332 3 8-4448E-05 10.0 10.0 10.0 201* 133 4 9.2568E-o6 10.0 10.0 10.0 2111 134 5 2.1963E-04 10.0 10.0 10.0 221* 135 6 2.9129E-05 10.0 10.0 10.0 23H 3 7 1.7785E-09 IO.O000E+O0 10.00OO0+00 IO.0000E÷O0 //GO.SYSIN3 DD * 1 'REACTOR COOLANT ANS/ANSI-18.1-1984 UCI/GM, WENAPS3-00
3 R31 1 0.0 2 1.71E-1 3 2.66E-i 4 1.618-1 5 3.00E-1 6 0.0 7 6.54E-1 8 7.17E-2 9 2.53E0 10 1.39E-I 11 9.04E-1 12 1.29E-1 13 4.77E-2 14 2.25E-j 15 1.49E-1 16 3.64E-1 17 2.78E-1 18 0.0 19 0.0 20 0.0 21 0.0 22 0.0 23 9.84E1 0 

2 'SECONDARy COOL ANS/ANSI-18.1-19
8 4 UCI/GoM WBNAPS3-00

3 R3' 1 0.0 2 3.63E-8 3 5.51E-8 4 3.22s-S S 6.31E-8 6 0.0 7 1.34E-7 8 1.54E-8 9 5.25E-7 10 2.90E-8 11 1.91E-7 12 2.68E-8 13 1.41E-6 14 3.37E-6 15 4.033-6 16 2.93E-6 17 6.19E-6 18 0.0 19 0.0 20 0.0 21 0.0 22 0.0 23 9.84C-2 
0 

T 
WBN MSLB, 1 UCI/CC INITIAL CONC, 10 GPM LEAK, 500 IODINE SPIKE NJ- 4 KCONC.. 1 
1 'REACTOR COOLANT' 
2 'STEAM GENERATOR W/LEAK' 
3 STEAM GENERATORS/NO LEAK' 
4 'ENVIRON MENT ,m 
-1 
IITILIZATION 
* 1 

2
.4494E8 GM 

V 2 4.745E7 GM 
V 3 1.424E8 GM



I Calculation No. WBNAPS3-077 I Rev: 6 1 Plant: WBN jPage: 33
Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: il Date: s-i-el 

Steam Line Break Checked: Opi I Date: ,

V 4 1.0 GM 
S 1 1 0 1.951E3 
S 1 1 1 7.118E3 
S 1 1 7 2.4494E2 
S 2 3 0 4.466E6 
S 1 1 7 2.4494E2 
S 2 3 7 1.424E2 
S 2 4 1 2.1337E6 
S 2 4 4 2.1337E6 
S 2 4 7 6.8039EI 
C 1 1 2 1.260E5 
C 1 1 3 4.190E5 
C 1 1 4 1.54BES 
C 1 1 5 8.937E5 
C 1 1 6 2.248E5 
A4 
F 1 4 0 2.271E6 
F 1 3 0 7.098E4 
F 3 4 0 1.0886E6 
F 3 4 1 1.0886E8 
F 3 4 7 1.0886E8 
20.6 SEC 
TIME TO 20.6 SEC 
N4 0 
Pl1 0 4 

2.0 HR 
TIME TO 2.0 HR 
N4 0 
P 1 0 4 

8.0 HR 
TIME TO 8.0 HR 
F 3 4 0 6.5846E5 
F 3 4 1 6.5846E7 
F 3 4 7 6.5846E7 
P 1 0 4 
T 
T 
P10 

//

2 4 2 2.1337E6 2 4 3 2.1337E6 
2 4 5 2.1337E6 2 4 6 2.1337E6

GM/HR 
GM/MR 

GM/HR 
GM/HR 
GM/HR

GM/HR 
GM/HR 
GM/HR



I Calculation No. WBNAPS3-077
Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: I Date: 1..  

Steam Line Break Checked: e Date: sleý(01

Appendix E: Example of COROD Input (ARCON96 X/Q) 

//APS77C6M JOB 264318,9MBERG.BIN111,MSGLEVEL=L,MSGCLASS=T 
//*RAIN ORGLOCAL, CLASS.SB 
//JCL JCLLIB ORDER- (APB.NEN.EX262358.PROCLIB) 
//STEP1 EXEC CORODV5,COND-14,LT) 
//COROD1.FT05F001 DD * 
NIT- 23 NR- 1 ITP= 6 FACT- 1.0 
COROD-WBN MSLB 
KRM 83 KRM 85 KR 85 KR 87 KR 88 KR 89 
XEM 131 XEM 133 XE 133 XEM 135 XE 135 XE 138
I 131 I 132 I 133 1 
1* 131 1* 132 1* 133 

4 'ENVIRONMENT 
1 0.0 
6 0.0 

11 7.529E-01 
16 8.509E+00 
21 0.0 

4 'ENVIRONMENT 
1 0.0 
6 0.0 

11 1.5278+02 
16 3.921E802 
21 0.0 

4 'ENVIRONMENT 
1 0.0 
6 0.0 

11 6.586E+02 
16 9.890E+01 
21 0.0 

-6 ' ENVIRONMENT 

1 0.000E+00 
6 0.000E+00 
11 0.OOOE+00 
16 O. 0008E00 
21 0. 000E00 

-6 'ENVIRONMENT 
1 0.000E+00 

6 0.000E+00 

11 0. 0008E00 
16 0.0002+00 
21 0.0008+00 

-6 'ENVIRONMENT 
1 0.0002+00 
6 0.OOOE+00 

11 0.000E+00 
16 0.0000E+0 
21 0.000E+00

134 1 135 
1* 134 1* 135 H 3

1.427E-01 
S.3552-01 
1.060E-01 
1.494E+01 
0.0 

1. 957E+01 
8.682E+01 
2. 877E+00 
5 .383E+02 
0.0 

3 179E+01 
2. 504E+02 
8. 154E-03 
1. 043E+03 
0.0 

CURIES 
0. O00E+00 
0. OOOE+00 

0. OOOE+00 
0.0008+00 
0. 000E+00 

CURIES 
0 000E+00 
0. 000E+00 
O. OOOE+00 

0.0002-+00 
0. 000E+00 

CURIES 
O.000E+00 
0. 000E+00 
0.0008+00 
0. 0008E00 
0. 000E+00

$ TN- 0.5722E-02 
3 2.191E-01 4 1.300E-01 
8 6.024E-02 9 2.086Z+00 

13 3.3059+00 14 8.588E+00 
18 0.0 19 0.0 
23 8.035E+00 

$ TN- 0.2000E+01 
3 3.540E+01 4 1.3029+01 
8 9.516E+00 9 3.3673+02 

13 1.020E+02 14 3.618E+02 
18 0.0 19 0.0 
23 4.591E+02 

$ TN= 0.8000E+01 
3 1.031E+02 4 6.231E+00 
8 2.728E+01 9 9.783E+02 

13 2.914E+02 14 3.530E+02 
18 0.0 19 0.0 
23 1.314E+03 

$ TN. 0.2400E+02 

3 0.0002+00 4 0.000E+00 
8 0.000E+00 9 0.000E+00 

13 0.000E+00 14 0.OOOE÷00 
18 0.000E+00 19 0.0002+00 
23 0.000.E00 

$ TN- 0.96002+02 
3 0.000R÷00 4 0.0009+00 

a 0.000E+00 9 0.000E+00 
13 0.0008+00 14 0.000E+00 
18 0.000E+00 19 0.0002+00 
23 0.000E+00 

$ TN- 0.7200E+03 
3 0.000E+00 4 0.000E+00 

8 O.000E+00 9 0.O00E+00 

13 0.000E+00 14 0.000E+00 
18 0.000.E00 19 0.000E+00 
23 0.0002+00

4.032-03 4.03E-03 3.35E-03 2.27E-04 1.81E-04 1.45E-04 
20.6 7200.0 21600.0 57600.0 259200.0 2246400.0 
3200.0 51.0 
711.0 51.0 
711.0 51.0 
711.0 51.0 
711.0 51.0 
711.0 S1.0 
0.0 0.0 0.05 0.0 0.0 0.0 3600.0 
0.95 0.70 0.95 0.70 0.99 0.0 3600.0 
0.95 0.70 0.95 0.70 0.99 0.0 3600.0 
0.95 0.70 0.95 0.70 0.99 0.0 3600.0 
0.95 0.70 0.95 0.70 0.99 0.0 3600.0 
0.95 0.70 0.95 0.70 0.99 0.0 3600.0 
100.0 60.0 40.0 1440.0 5760.0 257198.0

S 

2.491E-01 
1.168E-01 
9.525E+00 
0.0 

3.147E01 
8.259E+01 
3.095E+02 
0.0 

3.710E+01 
1.959E+02 
7.864E+02 
0.0 

0. 000E+00 
O. 000E+00 
0. 000E+00 
0.000E+00 

O.000E+00 
0. O00E+00 
0.000E+00 
0.0002.00 

0.000E+00 
0.0008+00 
0.0002+00 
0.000E+00

I Rev: 6 1 Plant: WBN Page: 34



Calculation No. WBNAPS3-077 Rev: 6 Subject: Offsite and Control Room Operator Doses Due to a Main 
Steam Line Break 

322.0 45.0 17.75 46.0 9.0 4.0 161.0 22.5 4.0 0.0 ROOFFLUX DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE THROUGH ROOF 1000.0 1000.0 1000.0 20.0 20.0 20.0 500.0 500.0 -16.0 2.25 ADJACENT DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE FRCM AUX BUILDING 270.0 150.0 148.0 27.0 15.0 14.0 135.0 7S.0 -25.5 3.0 ADJACENT DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE FROM TURBINE BLDG 322.0 112.0 341.0 32.0 11.0 34.0 161.0 56.0 -25.5 3.0 ADJACENT DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE FROM SPREADING ROOM 322.0 45.0 26.0 32.0 9.0 5.0 22.5 161.0 -4.67 0.67 ADJACENT DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE FROM CR BLDG END 18.0 45.0 460.0 10.0 10.0 100.0 4.0 22.5 -25.5 3.0 ADJACENT DOSE TO CONTROL ROOM PERSONNEL DUE TO SHINE FROM CR BLDG END 18.0 45.0 460.0 10.0 20.0 100.0 4.0 22.5 -25.5 3.0 
/*

I



ICalculation No. WBNAPS3-077

LSubject: Offsute and Control Room Operator Doses Due to a Main Prepared: L• Date: Sl/I 
Steam Line Break Checked: j•j• Date: o'l6/o/

Appendix F: Example of FENCDOSE Model 

I/APS~77FGA JOB 264360, '9MSERG.BIN11L',MSGI4 EVEL=1,MSGCLASS=T 
//*MAIN~ ORG=LOCAL, CLASS-S8 
//JCL JCLLIB ORflER.{APB.NEN.EX262358.PROCLIB) 
//STEPl EXEC FNCDOSV4,COND.(4,LT) 
//FNCflOSl.FTO5FQ01 DD 
1.
KRM- 83 
KR-87 
XEM-131 
1-131 
1*-131 
T

KRM- 85 
KR-88 
XEM-133 
1-132 
1*-132

KR-85 
KR-89 
XE-133 XEM-135 
1-133 1-134 
1-133 1-134

XE-135 XE-138 
1-135 
1*-135 H-3 

E-4 .635E-5 6.07E-4
WBN MSLB, 60 UCI/CC INITIAL CONC, 10 GPM LEAK 
TIME TO 20.6 SEC 

4 'ENVIRONMENT $ TU= 0.5722E-02 
1 0.0 2 1.427E-01 3 2.1912-01 4 1.300E-01 
6 0.0 7 S.3SSE-01 8 6,024E-02 9 2.086E+00 

11 7.529E-01 12 1.060E-01 13 3.305E+00 14 8.588E+00 
16 8.509E+00 17 1.494E÷01 18 0.0 19 0.0 
21 0.0 22 0.0 23 8.035E+00 

WBN MSLB, 60 UCI/CC INITIAL CONC, 10 GPM LEAK 
TIME TO 2.0 HR 

4 'ENVIRONMENT $ "TN= 0.2000E+01 
1 0.0 2 1.957E+01 3 3.540E+01 4 1.302E+01 
6 0.0 7 8.682E÷01 8 9.516E÷00 9 3.367E+02 

11 1.527E÷02 12 2.877E+00 13 1.020E+02 14 3.618E+02 
16 3.921E÷02 17 5.383E÷02 18 0.0 19 0.0 
21 0.0 22 0.0 23 4.591E+02 

WEN MSLB, 60 UCI/CC INITIAL CONC, 10 GPM LEAK
TIME TO 8.0 HR 

4 'ENVIRONMENT 

1 0.0 
6 0.0 

11 6.586E÷02 
16 9.890E÷01 
21 0.0 

WEN HSLB 
TIME TO 1 DAY 

-6 'ENVIRONMENT 
1 0.0002+00 
6 0.000E+00 

11 0.000E+00 
16 0.000.E00 
21 0.000.E00 

WBN MSLB 
TIME TO 4 DAYS 

-6 'ENVIRONMENT 
1 0.000E÷00 

6 0.000E+00 
11 0.OOOE+00 
16 0.000E+00 
21 0.000E+00 

WEN MSLB 
TIME TO 30 DAYS 

-6 'ENVIRONMENT 
1 0.000E+00 
6 0.0009+00 

11 0.000E+00 
16 0.0002+00 
21 0.000E+00

2 
7 

12 
17 
22 

2 
7 

12 
17 
22 

2 
7 

12 
17 
22 

2 
7 

12 
17 
22

3. 179E+01 
2.504E+02 
B.154E-03 
1.043E+03 
0.0 

CURIES 
0.000E÷00 
0. 000+00 
0.000E+00 
0. 000E+00 
0. 000E+00 

CURIES 
0.0001+00 
0.0002+00 

0.0001+00 
0.000E+00 
0.000E+00 

CURIES 
0. 000E+00 

0.000E+00 
0. 000E+00 
0. 000E+00 
0. 000E+00

$ TN= 0.8000E÷01 
3 1.031E+02 4 6.231E÷00 
8 2.728E+01 9 9.783E+02 

13 2.914E+02 14 3.530E+02 
18 0.0 19 0.0 
23 1.314E÷03 

$ TN= 0.2400E÷02 
3 0.000E+00 4 0.000E+00 
8 0.000+E00 9 0.000E+00 

13 0.000E+00 14 0.000E+00 
18 0.O000E00 19 0.O00E+00 
23 0.000+E00 

$ TN- 0.9600E+02 
3 0.O00E÷00 4 .O000E+00 
8 0.000E+00 9 0.O00E+00 

13 0.0001E00 14 0.000E+00 
18 O.000.E00 19 0.0002+00 
23 O.OOOE+00 

$ TN= 0.7200E+03 
3 0.0002E00 4 0.OOOE+00 
8 0.000+E00 9 0.000E+00 

13 0.OOOE+00 14 0.000E+00 
18 0.000+00 19 0.OOE+00 
23 0.000.E00

5 
10 
15 
20 

5 
10 
15 
20 

5 
10 
15 
20 

5 
10 
15 
20 

5 
10 
15 
20 

5 
10 
15 
20

2.491E-01 
1.168E-01 
9. 525E+00 
0.0 

3.147E+01 
8.259E+01 
3.095E+02 
0.0 

3.7108+01 
1.959E+02 
7. 864E+02 
0.0 

O. 000E+00 
0. 000E+00 
0 . 000E+00 
0. 000E+00 

0.000E+00 
O.O00E+00 
0.000E+00 
0.000E+00 

O.O000+00 
0.000E+00 
0.000S+00 
0. 000E+00

Rev: 6 Plant: WBN I Page: 36

Appendix 
F: Example 

of FENCDOSE 
Model 

//•S77r6A 
O0• 264360,'•MS•G.•ZN•Z•',MSG•V•=ZMS•CU•SS=T 

//*MAIN 

ORC-=LOCAL, 

CLASS-S8 

//JCL 
JCLLIB 

ORDERm(APB.NEN.EX262358.PROCLIB) 

//STEP1 

EXEC 

FNCDOSV4,COND,(4,LT) 

//FNCDOSI.FTOSF001 

DD 

* 

1

.141E-3 .668E-4 .459E-4 .204



Calculation No. WBNAPS3-077 
Rev: 6 Plant: WBN Page: 37 Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: • s Date: Pal j 

Steam Line Break Date 

Appendix G: Additional Cases 
This appendix documents additional cases. It was decided that these cases would be best documented in an appendix so as to not loose the information. Additional cases were performed for the steady state 1-131 equivalent limit of 0.265 and 0.177 [Ci/gm, and also cases with 60, 21, and 11 9Ci/gm maximum. These cases were performed to help establish possible future Technical Specification limits.  There are several cases modeled. The first case has a pre-accident iodine spike where the iodine level in the reactor coolant is at the maximum allowable of 60 p.Ci/gm 1-131 equivalent (ref.1). The second has the reactor coolant at the maximum steady state 1-131 equivalent of I piCi/gm with an accident initiated iodine spike consisting of a 500 increase in the rate of iodine release from the fuel. In both cases, the primary to secondary side leak is 150 gpd in the unfaulted loops, and the secondary side activity is at the Technical Specification limit of O.liCi/gm and the primary to secondary side leak in the faulted loop is 10 gpm which flows directly to the environment to simulate steam generator dryout. Additional cases are performed with a maximum leakage other than 10 gpm, to be determined in this calculation by iteration, so as to not exceed the 10CFR100 or 1OCFR50 App.A GDC 19 limits. Finally, other cases were performed with 10 gpm leak (or other maximum leakage, to be determined by trial and error) with maximum allowable iodine concentration of 60*0.35 = 21 gaCi/gm 1-131, or 11 pCi/gm 1-131, or with 0.265, or 0.177 pCiigm, 1-131 equivalent with 500 factor of spiking. These extra cases were performed so as to give additional information for possible future changes in Technical Specifications. In all of the cases, except for two cases, the steady state reactor coolant leakage (all identified leakage) prior to the accident is the same as the maximum allowable primary to secondary side leakage in the steam generators. The unidentified reactor coolant leakage (I gpm) is not included in the steam generator leakage. The exception to the above is where the maximum reactor coolant leakage is 11 gpm (10 gpm identified + 1 gpm unidentified) prior to the accident, and a maximum of 1 gpm in the steam generators post accident.



Calculation No. WVBNAPS3-077 Rev: 6 Plant: WBN Page: 38 Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: e Date: ;7_v/ Steam Line Break Checked: I Date: ,//i 

Assumptions 

Same as in main body of text except for the following: 6. A preaccident iodine spike of 60 pCi/gm 1.131 equivalent (or 21 or 11 pCi/gm for the reduced concentration case) is assumed at the start of the accident. In other cases, an accident initiated iodine spike of 500 increase in the iodine release rate from the fuel is assumed in the accident initiated case with the reactor coolant starting at 1 pCilgm 1-131 equivalent (or 0.265, or 0.177 gCi/gm for the reduced concentration cases).  Technical Justification: SRP 15.1.5 subsection 4a specifies the maximum allowable preaccident spike is required (60 uCi/gm is permissible for 48 hours). SRP 15.1.5 subsection 4b specifies that following an accident, the iodine release rate from the fuel to the reactor coolant is increased by a factor of 500. The various cases were performed to provide the leakages and concentrations which would result in acceptable control room and offsite doses.  10. The iodine production rate is based on 10 gpm identified primary side leakage (all leaks) plus 1 gpm unidentified leak, for a total of 11 gpm. Other cases evaluated determined the impact of 5.75 gpm identified primary side leakage (all leaks) plus 1 gpm unidentified leak, for a total of 6.75 gpm, and also 2.15 gpm identified primary side leakage (all leaks) plus 1 gpm unidentified leak, for a total of 3.15 gpm Technical Justification: This is per Technical Specification 3.4.13 (ref.21), or a potential modification for the Technical Specification, and maximizes the iodine production rates. This methodology is consistent with NSAL-00-004, ref.22.  

Calculations 

Step Sources: 
The following equation is used to set up the initial activities (in Ci) for each component using the initial ANSI/ANS-18.1-1984 source modified for WBN operational parameters (which is in units of ACi/gm): S = Component Volume [gm] * IE-6 Ci/1Ci * 1-131 equivalent conversion factor To obtain the 1-131 equivalent conversion factor, the ANSI/ANS-18.1-1984 spectrum must be converted to 1-131 equivalence. From the main text, the 1-131 equivalent concentration of the initial RCS ANSI 18.1 source term is 0.1255 uCi/gm, as compared to 1 uCiigm when the RCS is at the TS allowable concentration. Consequently, to ratio the initial source term up to the TS allowable values, the ANSI 18.1 concentrations must be multiplied by 1/0.1255 or 7.965.  To convert to 1-131 equivalence, the secondary side 1-131 equivalent conversion factor is (1/3.189E.6) = 3.136E5 gm/pCi (Note: since there is no Technical Specification limit on gross activity for the secondary side like the 100/Ebar for the primary side, this factor is also applied to the secondary side noble gasses in order to retain the proper isotopic ratios).  

From the main text, the values for noble gasses in the design reactor coolant will have to be increased by a factor of 169.14/5.82 = 29.06.

I



The step sources (Ci-gm/pCi) to initialize the reactor coolant and the secondary side activities are: 
All cas: 

S=2.4494E8 gm*1E-6 Ci/pCi * 29.06 =7.118E3 (noble gasses) 
S=2.4494E8 gm*1E-6 Ci/pCi 2.4494E2 (tritium) 

Pre-accident iodine spike case (initial concentration = 60 pCi/gm): 
S=2.4494E8 gm*lE-6 Ci/pCi * 7.965 [pCi/gm 1.131].1*60 pCi/gm 1.131= 1.171E5 (iodines) 

Pre-accident iodine spike case (initial concentration = 21 01i/gm): 
S=2.4494E8 gm*1E-6 Ci/pCi * 7.965pCi/gm 1-131"1- *21Ci/gm 1-131 = 4.097E4 (iodines) 

Pre-accident iodine spike case (initial concentration = 11 gCi/gm): 
S=2.4494E8 gm*1E-6 Ci/pCi * 7.965 [pCilgm I-131]' tl*11Ci/gm 1-131 = 2.146E4 (iodines) 

Accident initiated iodine spike case (initial concentration = 1 ACi/gm): 

S=2.4494E8 gm*1E-6 Ci/pCi * 7.965 [pCi/gm I-131]'l*lpCilgm 1-131 = 1.951E3 
Accident initiated iodine spike case (initial concentration = 0.265 pCi/gm): 

S=2.4494E8 gm*lE-6 Ci/pCi * 7.965 [pCi/gm 1-131]-1*0.265 pCi/gm 1-131= 5.170E2 
Accident initiated iodine spike case (initial concentration = 0.177 0Ci/gm): 

S=2.4494E8 gm*1E-6 Ci]pCi * 7.965 [0Ci/gm I.131]-1*0.177pCi/gm 1-131 = 3.453E2 
Secondary side, all cases, steam generator w/ leak, release to environment. (concentration = 0. lpCi/gm) which is 

due to dryout (from reference 8, the steam released for a 1 gpm primary to secondary leak case from the defective steam 
generator is 150,000 lb): 

S = 150,000 lb *453.59 g/lb * IE-6 Ci/4Ci * 3.136E5 [pCi0gm 1- 131].1* 0.1pCi/gm 1-131 = 2.1337E6 
S = 150,000 lb *453.59 g/lb * 1E.6 Ci/pCi = 6.8039E1 (tritium) 

Secondary side, all cases, steam generators without leak (initial concentration = 0.1 0Ci/gm): 
S = 1.424E8 gm * 1E-6 Ci/pCi * 3.136E5 (pCi/gm 1.131"1.* 0.1.0i/gm 1-131 = 4.466E6 
S = 1.424E8 gm*lE-6 CiIpCi = 1.424E2 (tritium) 

Continuous Sources: 
For the accident initiated iodine spike case, the iodine spike is 500 times the iodine release rate from the fuel. At 

steady state, the iodine release (production) rate is equal to the removal rate. The iodine removal is due to a) radioactive 
decay, b) removal by the letdown system, and c) removal through reactor coolant leakage. These terms are expressed as: 

P = Eremoval rates = decay + letdown + leakage 
or P = X + fitc/V + p/V 
where P = production rate (hr"1] 

X = decay constant for the isotope in question [hr'] = ln(2)/Tin 
E = letdown flow rate = 120 gpm + 4.39 gpm = 124.39 gpm 
c = letdown demineralizer efficiency = 1 (assumed so as to maximize removal/production rate) 
V = volume of primary coolant = 5.4E5 lb 
p, = removal rate of iodine from the primary side due to preaccident primary side leakage 

= 11 gpm (10 gpm identified + I gpm unidentified) 
or = 6.75 gpm (5.75 gpm identified + 1 gpm unidentified) 
or = 3.15 gpm (2.15 gpm identified + 1 gpm unidentified) 
Tin = halflife taken from ref.15 

Note: all the above flow rates are converted to mass flow rates at STP: 

Production Rates for a Reactor Coolant Leak of 11 gpm (10 gpm identified - 1 gpm unidentified) 
Half Life X [1/hr] fIV [1/hr] p'V (l/hr] prod rate P (lihrJ 

1.131 8.04 d 3.59E-03 1.15E-01 1.02E-02 0.1291 
1-132 2.28 h 3.04E-O1 1.15E-01 1.02E-02 0.4296 
1-133 20.9 h 3.32E-02 1.15E-01 1.02E-02 0.1587 
1-134 52.6 m 7.91E-0I 1.15E-01 1.02E-02 0.9162 
1-135 6.61 h 1.05E-01 1.15E-01 1.02E-02 0.2304



Calculation No. WBNAPS3-077 IRev: 6 1 Plant: WBN Page: 40
Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: M jw, Date: g.1,&1 

Steam Line Break Checked: /),J9 Date: 'b/l,'lt/ 

Production Rates for a Reactor Coolant Leak of 6.75 gpm (5.75 gpm identified + 1 gpm unidentified)

Half Life X [1/hr] fLe/V [1/br] p,/V [1/hr] prod rate P [1/hr]
1-131 8.04 d 3.59E-03 1.15E-01 6.26E-03 0.1252 
1-132 2.28 h 3.04E-01 1.15E-01 6.26E-03 0.4256 
1-133 20.9 h 3.32E-02 1.15E-01 6.26E-03 0.1548 
1-134 52.6 m 7.91E-01 1.15E-01 6.26E-03 0.9123 
1-135 6.61 h 1.05E-01 1.15E-01 6.26E-03 0.2265 

Production Rates for a Reactor Coolant Leak of 3.15 gpm (2.15 gpm identified - 1 gpm unidentified) 

L Half Life I . [I/bri fi. eV [1/hr] I p3/V [1/hr] prod rate P [1/hr]

1-131 
1-132 
1-133 
1-134 
1-135

8.04 
2.28 
20.9 
52.6 
6.61

d 
h 
h 
m 
h

3.59E-03 
3.04E-01 
3.32E-02 
7.91E-01 
1.05E-01

1.15E-01 
1.15E-01 
1.15E-01 
1.15E-01 
1.15E-01

2.92E-03 
2.92E-03 
2.92E-03 
2.92E-03 
2.92E-03

0.1219 
0.4223 
0.1514 
0.9089 
0.2231

The accident initiated iodine spike of 500 times the increase in the iodine release (production) rate from the fuel is 
modeled as a continuous source: 

C = Volume * 1E-6 Ci/PCi * Prod. Rate * 500 * 1 piCi/gm 1-131 equiv. conversion factor*I-131 equiv.  
where Volume = 2.4494E8 gm 

Prod Rate = see table above 
1 igCi/gm 1-131 equivalent conversion factor = 7.965 (value determined above, this is to get the ANSIIANS-18.1

1984 source into 1 gCi/gm 1-131 equivalent 
1-131 equiv. = 1, 0.265, or 0.177 pCi/gm 1-131

Continuous Source [gm-Ci/pCi-hr] for Accident Initiated Iodine Spike:

Reactor Coolant Leak of 11 gpm (10 gpm identified + 1 gpm unidentified) 
case: 1 pCi/gm 1-131 case 0.265 XCi/gm 1.131 0.1727 giCi/gm 1-131 case
1-131 1.260E+05 3.338E+04 2.230E+04 
1-132 4.190E+05 1.110E+05 7.417E+04 
1-133 1.548E+05 4.103E+04 2.740E+04 
1-134 8.937E+05 2.368E+05 1.582E+05 
1-136 2.248E+05 5.956E+04 3.978E+04 

Reactor Coolant Leak of 6.76 gpm (5.75 gpm identified + 1 gpm unidentified) 
case: 1 gCilgm 1-131 case 0.265 i±Ci/gm 1-131 0.1727 jgCi/gm 1-131 case 
1-131 1.221 E+O05 3.236E+04 2.162E+04 
1.132 4.152E+05 1.100E+05 7.349E+04 
1-133 1.510E+05 4.001E+04 2.672E+04 
1.134 8.899E+05 2.358E+05 1.575E+05 
1-135 2.209E+05 5.854E+04 3.910E+04 

Reactor Coolant Leak of 3.15 gpm (2.15 gpm identified + 1 gpm unidentified) 
case: 1 I±Ci/gm 1-131 case 1 0.265 j±Ci/gm 1-131 0.1727 siCi/gm 1-131 case

1-131 
1.132 
1-133 
1-134 
1-135

1.189E+05 
4.119E+05 
1.477E+05 
8.866E+05 
2.177E+05

3.150E+04 
1.092E+05 
3.914E+04 
2.350E+05 
5.768E+04

2.104E+04 
7.291E+04 
2.615E+04 
1.569E+05 
3.852E+04
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Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: t(j 5 Date: 

Steam Line Break JChecked: 0 ýP I Date:

Flow Rates: 

The following flow rates/leakage rates for each component are (determined by trial and error with the ultimate goal 
being to find the flow/leak which would lead to the offsite/control room doses reaching the regulatory limits): 

Flow from Reactor Coolant #1 to Environment #4 all classes (10 gpm case): 
F = 10 gpm * 60 min/hr * 3785.48 cc/gal * lg/cc = 2.271E6 g/hr 

Flow from Reactor Coolant #1 to Steam Generator w/ Leak #4 all classes (5.75 gpm case): 
F = 5.75 gpm * 60 min/hr * 3785.48 cc/gal * lg/cc = 1.306E6 g/hr 

Flow from Reactor Coolant #1 to Steam Generator w/ Leak #4 all classes (2.15 gpm case): 
F = 2.15 gpm * 60 min/hr * 3785.48 cc/gal * lglcc = 4.883E5 g/hr 

Flow from Reactor Coolant #I to Environment #4 all classes (1 gpm case, note that this case is for 1 gpm leak in 
the steam generators, however the production rate of iodines is based on 11 gpm=10gpm identified +lgpm 
unidentified): 

F = 1 gpm * 60 mm/hr * 3785.48 cc/gal * Ig/ce = 2.271E5 gfhr 
Flow from Reactor Coolant #1 to Steam Generator w/ no Leak #3 all classes: 

F = 3 steam generators * 150 gpd * 3785.48 cc/gal / 24 hr/day * lg/cc = 7.098E4 glhr 
From reference 8, the steam released for a 1 gpm primary to secondary leak case from the defective steam 

generator is 150,000 lb (0-30 min), and 1000 lb (30 mrin. 8 hr), and from the non-defective steam generators (= "steam 
generators without leak" in this model) is 480,000 lb (0-2 hr), and 871,000 lb (2-8 hr). The accident releases end at eight 
hours. From reference 11 and 12. the steam released for a 10 gprm primary to secondary leak case is an additional 2509 
lb (at STP) in the 0.30 min time period, and a total of 42290 lb (at STP) from 30 min to 8 hr. To take into account 
uncovery of the faulted steam generator, there is no iodine partitioning in the release to the environment (iodine 
partition coefficient = 1). The mass release representing 10 gpm primary to secondary side leak is a flow directly to the 
environment. This is reflected in the flows listed above. For other leak rates, the flow cards will correctly take into 
account the mass released.  

The reactor coolant release to the unfaulted steam generator is small relative to the secondary side mass, therefore 
partitioning is allowed per the SRP. The iodine partition coefficient due to steaming for the unfaulted steam generators 
to the environment is 100. These mass releases translate into the following flows: 

Flow from Steam Generators w/out Leak #3 to Environment #4: 
F = (480,000 lb)(453.59 g/lb)/(2 hr) = 1.0886E8 g/hr (0-2 hr, noble gasses, tritium) 
F = (480,000 lb)(453.59 g/lb)/(100*2 hr) = 1.0886E6 g/hr (0-2 hr, iodines) 
F = (871,000 lb)(453.59 g/lb)/(6 hr) = 6.5846E7 g/hr (2-8 hr) (noble gasses, tritium) 
F = (871,000 ]b)(453.59 g/lb)/(100*6 hr) = 6.5846E5 g/hr (2-8 hr) (iodines) 

The STP output is used as input to COROD (which determines control room operator dose) and 
FENCDOSE (which determines 30-day and 2-hour LPZ offsite dose).  

Some pertinent information from the COROD and FENCDOSE models used (but not changed) in this 
analysis are (from ref.9): 
30-day LPZ Offsite X/Q values [sec/cum]: 1.41E-4 0-2hr, 6.68E-5 2-8 hr, 4.59E-5 8-24 hr, 2.04E-5 1-4 day, 
6.35E-6 4-30 day 
2-hr EAB X/Q values: 6.07E-4 
Control Room X/Q (Halitsky method): 4.07E-3 0-2 hr, 2.47E.3 2-8 hr, 1.68E-3 8-24 hr, 1.18E-3 1-4 day, 

8.89E-4 4-30 day (note: the 8+ hr X/Q values take into account control room vent switching, however it is 
not important what values are used since there are no 8+ hr releases.) 

Control Room X/Q (ARCON96 method): 4.03E-3 0-2 hr, 3.35E-3 2-8 hr, 2.27E-4 8-24 hr, 1.81E-4 1-4 day, 
1.45E-4 4-30 day 

Control Room volume: 257198 cuft 
Control Room makeup/pressurization flow: 711 cfm (3200 cfm prior to isolation, ref.24) 
Control Room total flow: 3600 cfm 
Control Room unfiltered intake: 51 cfm 

Control Room filter efficiency: 95% first pass, 70% second pass, 0% for tritium, 0% all elements prior to 
isolation 

Control Room occupancy factors: 100% 0-24 hr, 60% 1-4 days, 40% 4-30 days 
ICRP-2 and ICRP-30 dose conversion factors (internal to the codes)



Calculation No. WBNAPS3-077 
Rev: 6 Subject: Offslte and Control Room Operator Doses Due to M 

Steam Line Break 

Results The following results are based on a Tritium Production Core (TPC). A case for the conventional core 
was also performed to show that the TPC bounds. It is also performed to show that the conclusions and limitations are not affected by the choice of cores. The results were (rem): 
Control room doses (rem) using Halitsky X/Q values: Pre-accident Iodine spiking case I-1 31 equivalent: 60 jLC/gm 2 pCi/gm 21 PCi/ec 11 fCi/gm 21 MuCVgm 21 -Ci/gm RCS leak rate: 10 gpm 10 gpm 10/lgpmSG* 10gpm 5.75 gpm 2 .15 gpm limit 

gamma 3.135E-02 2.457-02 5.765E-03 2.284E-02 1.582E-02 8.223E-03 5 beta 3.148E-01 2.569E-01 4.845E-02 2.420E-01 1.599E-01 7.572E-02 30 
Inhalation (ICRP-2) 6.429E+01 3.573E+01 2.194E+01 2.841E+01 2.930E+01 2.374E+01 30 
Inhalation (ICRP-30) 3.520E+01 1.958E+01 1.203E+01 1.557E+01 1.606E+01 1.302E+01 30 
TEDE 1.303E+00 7.599E-01 4.044E-01 6.207E-01 5.944E-01 4.509E-01 5 
* all cases except for this case utlize the same pre-accident leak rate as the post accident primary to secondary 
side leak rate in the steam generators. In this case, the pre-accident leak rate is 10 gpm, and the primary to 
secondary side steam generator post accident leak rate in the steam generators is 1 gpm.  
Accident Initiated Iodine Spiking (500) case 131 equivalent: I ltCigm 0.265 gCi/gm 0.265 MCi/cc 0.265 pCilgm m 0.177 jicigm RCS leak rate: 10 gpm 10 gpm 10/lgpmSG* 5.75 gpm 10 gpm 2.15 gpm limit gamma 1.267E-01 4.895E- 2 8.322E- 2.978-0 3.965E-02 1.145E-02- beta 8.800E-01 3.990E-01 6.438E-02 2.416E-01 3.415E-01 9.414E-02 30 
Inhalation (ICRP-2) 2.235E+02 7.418E+01 2.586E+01 5.086E&01 5f63• ii 2.788E+01 30 
Inhalation (ICRP-30) 1.074E+02 3.667E+.1 1.378E+01 2.558E+01 2.820E+01 1.471E+01 30 
TEDE 4.114E)00 1.434E+O0 4.732E-01 9.708E-01 1.113E+00 5.211E-01 5 * see note (*) above 

Control Room Doses (rem) Using ARCON96 X/Q values: Pre-accident Iodine spiking case 1-131 equivalent: 6 I/gm 21 pCi/gm 21 pCi/cc 11 PCVgm 21 ji i/grm 2 Cigm RCS leak rate: 10gpm 10 gpm 10/lgpm 10 gpm 5. 7 5 gpm 2 .15 gprn limit SG* 
beta 3.759E-01 3.044E-01 5.4592-02 2.860E-01 1.883E-01 8.734E-02 30 
Inhalation (ICRP-2) 7.196E+01 3.828E+01 2.203E+01 2.965E+01 3.072E+01 2.416E+01 30 
Inhalation (ICRP-30) 3.954E+01 2.102E+01 1.209E+01 1.628E+01 1.687E+01 1.326E+01 30 
TEDE 1.484E+00 8.354E-01 4.098E-01 6.690E-01 6.376E-01 4.656E-01 5 * see note (*) above 

Accident Initiated Iodine Spiking (500) case I-131 equiv~alent:. ....... ACigm 0.265 ACi/gm 0.265 A 1,i/cc 0.265 pACigm .177 1" p'i/(ýýgm 0.177 p i/gm 
.___....... ..a rate. ...._p .p ... .. ....  RCS leak rate: 10 gpm 10 gpm 10/lgpm SG* 5.75 gpm 10 gpm 2.15 gpm limit 

gamma 1.616-01 6.072E.022 63-03 3.6632-02 4.866E-02 1.349E-02 5 
b- 7.5838-02 2.970E-01 4.179E-01 1.121E-01 30 E inhalation (ICRP_30) [. i l02 90620 2.734E+01 5.996E÷01 6J ' 2.9982+01 30 Inhalation C -34.440E+ 1 1.447E+01 2.990 i+01 ,3 3 3 1.570 2+01 30 

TEDE 1 2.753500 5.035E-01 1.150E+00 .19332E -0 5.651E-01 53 

* see note (*) above



Calculation No. WBNAPS3-07
7  Rev: 6 Subject Offsite and Control Room Operator Doses Due to a Main 

Steam Line Break

Accident Initiated Iodine Spiking (500) case, non-TPC core** 1-131 equivalent 0.177 iiCi/gm 
RCS leak rate: 2.15 gpm limit gamma 1.349E-02 5 

beta 

1.104E-01 
30 

Inhalation 
(ICRP-2) 

2.9982+01 
30 

Inhalation (ICRP-30) 1.570E+01 30 

TEDE 

5.373E-01 
5

** demonstration run to show that TPC bounds conventional core, and that the impact is only for beta 
and TEDE. The impact is minimal, and does not affect the conclusions/limits since the limiting doses are the thyroid doses.  

The offsite doses were determined to be (rem): 

Pre-accident iodine spiking case 
1-131 equivalent: 60 MCi/gm 21 g~Ci/gm 11 UiCign, leak rate: 10 gpm 10 gpm 10 gpm 2-hr EAB 3 0-day LPZ 2-hr EAB 30-day LPZ 2-hr EAB 30-day LPZ limit 

gamma 4.829E-01 1.740E-01 1.877E-01 6.738E-02 1.1212-01 4 '006-02 25 
beta 1.331E-01 5.3417E-02 6.122E-02 2.524E-02 4.281E-02 1.801E-02 300 
Inhalation (ICRP-2) 8.044E+01 3.947E+01 2.957E+01 1.415E+01 1.653E+01 7.658E+00 300 
Inhalation (ICRP-30) 4.029E+01 2.075E+01 1.484E+01 7.437E+00 8.319E+00 4.025E+00 300 
TEDE 3.042E+00 1.413E+00 1.128E+00 5.118E-01 6.370E-01 2.809E-01 25 
Pre-accident Iodine spiking case 1-131 equivalent: 21 uCi/cc 21 pCicc 21 1A-Ci/cc leak rate 5.75 gpm 2.15 gpm 10 gpm, lgpm SG* 2-hr EAB 30-day LPZ 2-hr EAB 30-day LPZ 2-hr EAB 30-day LPZ limit 
gamma 1.127E-01 4.018E-02 4.866E-02 1.6772-02 2.813E-02 9.216E.03 25 
beta 366 1 -02 .5052-0-2 1.561E-02 6 241 -03 8.876E-03 3.3!95E-3 300 
Inhalation (ICRP-2) 1.799E+01 8.453 8.120+00 3.520E+00 4.952E+00 1.9d39+00 300 
Inhalation (ICRP-30) 9.053E+00 4.446E+00 4.112E+00 1.851E+00 2.527E+00 1.911E+00 300 
TEDE 6.843E-01 3.057E-01 3.062E-01 1.2732-01 1.8492-01 6.960E-02 25 
* all cases except for this case utilize the same pre.accident leak rate as the post accident primary to secondary 
side leak rate in the steam generators In this case, the pre-accident leak rate is 10 gpm, and the primary to 
secondary side steam generator post accident leak rate in the steam generators is 1 gpm

A';A ied Iodine Spiking (500) case 

leak rate:l in nn,,

I

I

I 
III 

I
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Accident Initiated Iodine Spiking (500) case 1-131 equivalent: 0.177 pCi/gm 0.177 pCVgm 0.177 J.Ci/gm, conv.core** leak rate: 10gpm 2.15 gpm 2.15 gpm 2-hr EAB 30-day LPZ 2-hr EAB 30-day LPZ 2-hr EAB 30-day LPZ limit gamma 4.386E-01 4.360E-01 1.015E-01 9.541E-02 1.015E-01 9.541E-02 2.5 beta 1.133E-01 1.078E-01 2.654E-02 2.383E-02 2.644E-02 2.378E-02 30 Inhalation (ICRP-2) 2.607E+01 4:,• .... 8.6 7.160E+00 8.149E+00 7.160E+00 8.149E+00 30 Inhalation (ICRP-30) 1.025E+01 1.587E+01 3.019E+00 3.523E+00 3.019E+00 3.523E+00 30 TEDE 1.287E+00 1.638E+00 3.329E-01 3.611E-01 3.313E-01 3.603E-01 2.5 
** demonstration run to show that TPC bounds conventional core, and that the impact is only for beta and TEDE. The impact is minimal, and does not affect the conclusions/limits since the limiting doses are the thyroid doses.  

Accident Initiated Iodine Spiking (500) case 
1-131 equivalent 0.265 uCi/cc 

leak rate: 10 gpm, 1 gpm SG* 
2-hr EAB 30-day LPZ limit gamma 7.377E-02 6.814E-02 2.5 beta 1.863E-02 1.676E-02 30 Inhalation (ICRP-2) 5.784E+00 6.077E+00 30 Inhalation (ICRP-30) 2.515E+00 2.662E+00 30 TEDE 2.601E-01 2.657E-01 2.5 

* see note (*) above 

Discussion and Conclusion The offsite doses due to a MSLB with preaccident iodine spiking has 10CFRIOO limits of 25 rem gamma, 300 rem beta, and 300 rem thyroid. The offaite doses due to a MSLB with accident initiated iodine spike (factor of 500) has limits of 10% of the 1OCFR100 limits or 2.5 rem gamma, 30 rem beta, and 30 rem thyroid (ref.10). The control room operator doses limits from 10CFR50 App.A GDC 19 are 5 rem gamma, 30 rem beta, and 30 rem thyroid.  With the Technical Specification limits of 1 IACi/gm 1-131 equivalent steady state (and 60 pCi/gm maximum), the control room and offsite doses exceed the limits with a 10 gpm leak in the faulted line and 150 gpd in the unfaulted lines, and with either Halitsky or ARCON96 X/Qs.  Using current design basis ICRP-2 iodine dose conversion factors, the limits in order to not exceed the control room and offsite doses are: 
21 gCi/gm 1-131 equivalent 48 hour limit 
0.177 ACi/gm 1-131 equivalent equilibrium limit maximum primary to secondary side leak rate post accident in steam generator: 2.15 gpm Note: this will reguire a Tech Spec chanie so that the maximum reactor coolant leakage i 2.15 'M 

identifd m unidentified.  

-or
21 p±Ci/gm 1-131 equivalent 48 hour limit 
0.265 ýXCi/gm 1-131 equivalent equilibrium limit maximum primary to secondary side leak rate: 11 gpm (10 gpm identified, + I gpm unidentified) prior to accident, 1 gpm in steam generators post accident 

Using ICRP-30 iodine dose conversion factors the limits increase to: 21 uCilgm 1-131 equivalent 48 hour limit
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0.265 uCi/gm 1-131 equivalent equilibrium limit 
maximum primary to secondary side leak rate in steam generator post accident: 5.75 gpm 

Note: this will require a Tech Spec chanye so that the maximum reactor coolant leakage is 5.75 rpm 
identified plus 1 gym unidentified.  

-or
21 gCilgm 1-131 equivalent 48 hour limit 
0.265 pCi/gm 1-131 equivalent equilibrium limit 
maximum primary to secondary side leak rate: 11 gpm (10 gpm identified, + 1 gpm 

unidentified) prior to accident, 1 gpm in steam generators post accident 

Note: these limits are based on a maximum 0.1 uCi/gm 1-131 limit in the secondary side and using ARCON96 
X/Q values. If the secondary side limit were to be reduced, then the primary to secondary side leakage and 
the primary side 1-131 concentrations can increase. The results based on ARCON96 X/Q values should be 
used to determine the concentrations and leak rates because they bound (produce higher doses) than the 
current Halitsky X/Q values.  

The Tritium Production Core (TPC) does not affect the limits above, because the limiting doses are the 
thyroid doses. The tritium affects only the beta dose and TEDE. The TPC obviously bounds the non-TPC 
configuration.  

This calculation is conservative because it models the mass releases as linear within each time interval.  
This allows larger iodine releases for the accident initiated iodine spiking cases because iodine increases over 
time in the reactor coolant. In reality, the mass releases are greater at the beginning of the accident, and 
decrease over time. For the pre-existing iodine spike (which is not the limiting case), this has little effect, 
since the decay of short lived isotopes is compensated by the buildup of iodine in the unfaulted steam 
generators due to reactor coolant leakage.
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Attachment 1: Surveillance test 1-SI-68-28 performed on 7/10/00 
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Calculation No. WBNAPS3-077 Rev: 6 Plant: WBN I Page: 47 
Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: lAL_ I Date: ..  

Steam Line Break Checked: , I Date: f 

JUL-24-20M 13'52 TVA PLANT M 0FC 423 365 1904 P.03/!? 
LU-JUL--Z000 09:23105.19 

TENNESSEE VALLEY AUTHORITY 
WATTS BAR NUCLEAR PLANT 

SAkPLE TITLE I U1 - B•C - GASEOUS ACTIVTY PO 
FILE IDENT DKB600: [TVASAMPLE.CHEM.RNW)W0007109796 C401 CNFI 
SAMPLE ID * W0007108796 C401'/>- OPERATOR LLMANNONX SAMPLE TIME 2 0-JUL-2000-08:53 * SAMPLE GEOMETRY 0 GMIE 

* SHELF ]MIGHT : 0 
* EFFICIENCY FILE GNRI0 SAMPLE TYPE : 1240 CC GAS MARI S AMLE QUANTITY 1,00000E+00 CC 

AC0 DATE & TIME : 10-JUL-2000 09!12 * DEADTIME (q) 0.3% PRESET LIVE TIME 1 0 00:10:00 SENSITIVITY : 4.00000 ELASPED REAL TIME 1 0 00t10:01 * GAUSSIAN SEN a 10.00000 ELAPSED LIVE TIME 0 00tioroo HER ITERATIONS i0 

DETECTOR • DET #3, GSS-32B6 * LIBRARY : NOBLEGAS EFFIC CAL DATE : 29-JUL-1994 13:47 * ElFIC CRIT DATE r 29-JUL-1994 13:47 DCAL DATE 0 TIME a 9-JUJL-2000 15:52: v ENERGY TOLER t 1.25 KEV/CHAM a 4.9992BE-01 * HALF LIFE RATIO * 8.00000 OFFSET -1.48334E-01 kyV * ABUNDANCE LIMIT s 0..o% 9 COEFFICIENT 3.221203-08 * CORRECTION FACTOR : 1.00000E+00 PEAK START CRAN : 140 * PEAK END CRAM 4096 
ANALYSES : IPEA V16.9 NiD V3.3 MINACT V2.8 WV.EAN/KEY V1.8 

COUNTED ON a LION 
COLLECTED BY LLNAN 
COUNTED BY aLLKANONE 
REVIEWED BY a 
COMKNTE..  

PQst-NID Peak Search Report 
It Energy Area Bkgnd FWHX Channel Left Pw 42• Fit Nuclidea 

0 81.12 230 92 1.01 162.55 157 12 10.8 XE-133 0 151.37 8a 53 0.97 303.07 299 8 17.7 UR-B5M 0 2.96.18 70 80 0.18 393.10 388 10 26.7 0 227.79 22 47 1.35 455.92 448 10 62.9 0 249.81 549 83 0.94 499.98 494 L2 5.4 XE-135 0 258.71 72 40 0.89 517.76 514 10 20.2 XE-138 0 305.21 19 34 0.76 610.77 607 8 57.2 XR-85M 0 402.80 48 34 2.39 805.96 801 12 29.3 X1-87 0 435.19 26 16 1.31 870.75 886 11 35.3 XZ-138 0 511.06 390 49 2.28 1022.51 1014 18 6.6 0 526.45 39 24 1.21 1053.28 1048 12 39.8 XE-135M 0 898.31 22 16 1.29 1796.96 1791 9 38.8 0 1293.58 904 9 1.60 2587.40 2578 16 3.4 AR-41
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Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: gkl Date: 

Steam Line Break Checked: O/P Date: •/•/e)

JLL-24-20eM 13:53 TV RLAT MGRS OFC 
•REPORT 3ATZ 10"-JUL-2000 09123 REOUESTOR LLZANNONz 

TEMOSES33 VALLEY AUTHORITY 

WATTS RAI NUCLEAR PLANT 

POST NID 0A ANALYSIS 
TITLE i U1 - RCS - GASEOUS ACTIVTY

423 365 1984 P. 04/0"

SAMPLE No.  
SAMPLE TYPE 
COUNT TIME 
SAMPLE TIME 
LIBRARY

z Wo07oo0o796 C40o 
1240 CC GASXARI 
10-JUL-2000 09:12:51 

S10-i-jUL-2000 08:53:00 
NOBLEGAS

OPERATOR NAME LLMAhONE 
SAMPLZ GEOMETRY am1x 
3114PL3 QUANTITY 1.O000E÷O00 
DETECTO9 : DET M3, OSS-3286

ISOTOPE 

AR-41 
XR-85M 
KR-87 
XE-133 
XE-135 
XE-135M 
XR-138

PEAK 
ENERGY 

1293.64 
151.18 
402.58 
81.00 

249.79 
526.56 
258.31

AVG ENERGy OUip -

ENERGY 
DIFF (KEV) 

-0.06 
0.19 
0.22 0,12 
0.0z 

-0.11 
0.40 

0.11

DECAY CORR 
uCi/CC COMMENTS 

1.303E-02 OA Results OK 
1.915E-04 DA Results OK 
4.575E-04 QA Results OK 
9.56SE-04 QA Results Ox 
1.429X-03 OA Results OK 
7,364Z-04 9A Rosults OK 
1.796E-03 9A Results Ox 

1.8593-02 - TOTAL GAMMA ACTIVITY 
0.000E+00 - Total b•z Activity 
1.8S5E-02 w Total Gas Activity

WET AREA 

70, 
22.

0.88 
1.35

CAMW 

4.72 1.6-1

390. 2.28 7.01 
22. 1.29 7.07

UNEIDENTIFII,'REzEC PEARKS 
GAXMA/SZC 

S/SEC /CC % FLAG 

283+00 4.728Z+00 22 
75E+00 1.6753+00 2. U 

U 
U 

.6E+01 7.016E+01 6.60 U 
g9Z+00 7.o79R+00 38.8 U 

U

POTENTIAL 
ID &CTIVITY 

TE-132 5.163E-03 
CS-138 5.11O-03 
NP-23g. 4.252J-04 
ANNIL 0.00OE+00 
RD-R8A 1-5123-03 
Y-88 2.049E-04 

I&PSn

ENERGY 

196.30 
227.79 

511.06 
898.31
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JtL-24-2W3G 025 TVA PLAt'J MGRS ~C 423 M8 1904 P.=-97 
10-JUL-2000 09;37;45.71 TENNESEE VALLEY AUTHORITY 
WATTS BAR NUCLEAR PLANT 

SAMPLE TITLE 2 Ul - RCS - DEGASSED LIQUID ACTIVITY FILE IDENT 2 DKB6002 [TVA.SAmPLE.C•.MNEW]W0007108795 
C402.C 1I 

SAMPLE ID W0007108795 C402 * OPERATOR LLqNQV SAMPLE TIME 10-JUL-2000-0
7 : 2 5  * SAM4PLE GEOJERY : LSV2D 

* =EL? HEIGHT 1 * XFF1CXRmCY FZLX LSV201 SAM PLE T YPE RCS M0HL LSV 0 EFF LC QUN TI TY 5 GRA M 

ACQ DATE & TIME : 10-JUL-2000 08036 * DEADTIMR (%) r 2.2% PRESET LIVE TIME : 0 01:0000 * BSNSITIVzTY 2 4.00000 ELASPED REAL TIME : 0 01,01120 * OAUSarAu 2 " 10.00000 ELAP8ED LIVE TIME ; 0 0o 10 0 s00 * 

DETECTOR DET *4. G88-3310 w LIBRARY RCsLrQUZJ EFFIC CAL DATE S-AUG-xgg4 11:11: * EFlC CERT DATE : 5-AUG-1094 11:11: DCAL DATE & TIME ' 9-JUL-2000 15:52t * ENERGY TOLR = 1.25 KEV/CaAN : 5.00474E-01 * HALF LZF RATIO 8.00000 OFFSET s -3.73924E-01 keV * AMjUNDANCI LIMIT : 80.0% O COEFFICIENT -1.14092E-07 CORRECTION FACTOR 1.00000E+00 PEAK START CAMI 140 •PEAZ EN •HAIM09 
ANALYSES• , PEAK V16.9g N1) V3.3 MINACT V2.8 WTHMJAB/YE V1.8 

COUNTED ON ; LION 
COLLECTED BY ! 
C0UNTED By i LLJAXONX 
REVIEWED BY _ _ _ __, COMMENTS :..  

Poat-NID Peak Search RepOrt 
It Energy Area Zkqnd FWHX Chann.1 Loft Pv %k: Fit Nucliden 

0 135.60 697 25268 0.92 271.70 269 7 38.0 1-134 0 249.64 887 20225 0.79 499.61 498 6 25.6 XE-135 0 267.87 540 22521 0.98 576.01 574 7 46.3 1-135 
0 364.21 455 13323 1.06 728.61 726 8 44.3 1-131 O 405,43 310 6932 1.05 810.99 008 8 46,9 1-134 0 417.67 485 6009 1420 035.46 832 8 28.1 1-135 0 462.73 545 5368 1.28 925.53 922 8 23.7 CC-130 0 511.00 838084 22601 2.65 1022.01 1014 19 0.1 r-18 0 522.65 824 999 1.38 1045.31 1043 7 7.3 1-132 1 526.58 1048 823 1.29 1053.15 1050 18 5.2 1.069+00 1-135 

XE-1335 
1 529.88 4510 1009 1.34 1059.77 1050 18 1.9 1-133



Calculation No. WBNAPS3-077 : Rev: 6 1Plant: WBN Page: 50 
Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: ate: 0-o 

Steam Line Break [Checked: 0 • Date: / /,•o/

JUL-24-298e 13:53 TVA PLRHT MMS 0FC 
KJZrV'C UATX I I.U-JUlo-2000 09:37 
REQUESTOR : LLMANNONE 

TENNESSEE VALLEY A=TEOXITY 

WATTS BAR NUCLEAR PLANT 

POST NID QA ANALYSIS 

TITLE tU1 -ICS - DEGASSED LIQUID ACTIVXTY

423 365 1904 P.06/07

SAMPLE No.  
SAMPLE TYPE 
COUNT TIME 
SAMPLE TIME 
LIBRARY

I W0007108795 C402 
t RCS 20)L LSV 
t l0-J'UL-2000 08136115 
: 10-JUL-2000 07I25:0O 
: RCSLIQUID

OPERATOR NAME t LLMAN;ONE 
SAMPLE GEOMETRY z LSV20 
SAMPLE QUANTITY : 5.00000X+00 
DETECTOR ; DET #4, OSS-3310

ISOTOPE 

F-iS 
NA-24 
MN-56 
CO-58 
NB-95 
1-131 
1-132 
1-133 
1-134 
1-135 
XE-135 
XE-i35M 
CS-138

PXAK 
ENErgY 

511.00 
1369.53 
1810.69 
810.76 
765.79 
364.48 
667.69 
529.87 
847.03 

1260.41 
249.79 
$26.56 

1435.86

AVG ENERGY DIP? a

ENERGY 
DirT CXXV) 

0.00 
0.07 

-0.63 
-0.01 

0.89 
-0.27 
0.03 
0.01 

-0.05 
0.03 

-0.16 
0.02 

-04.1 

S-0.01

DECAY CORR 
uCI/GRAX 

1. 1791-01 

9.169E-04 
9.3132-05 
5.019E-04 
3.132E-05 
6.070R-05 
1.4593-03 
8.2053-04 
2.694E-03 
1.608E-03 
8.9143-OS 
1.406R-02 
2*3953-03 

1.4263-01 , 
1.218E-01 
2.4271-03 
1.512E-03 
1.415E-02 
6.6438-03

COMMENTS

gA ReSults 
OA Result$ 
0A Issults 
DA Results 
QA Aeaults 
DA Results 
QA Results 
QA Results 
QA Results 
OA Results 
QA Results 
QA Results 
OA Results

TOTAL 
Total 
Total 
'otal 
Total 
Total

OK 
OK 
OK OK 
OK Ox 
OK 
Ox 

OK OK 
Ox OK 

OK

GAMMA ACTIVITY 
DOL Activity 
F2 Antivity 
AP Activity 
Gas Activity 
HP Activity

Dose Equivalent Iodine-131 * 2.9053-04 
Iodine 131/133 Ratio - 7.3959-02 
Iodine 133/135 Ratio - 5.10SE-01

used 
used 
used 
used 
used 
used 
used 
used

in 
in 
in 
in 
in 
in 
in 
in

identifying 
identifying 
identifying 
identifying 
identifying 
identifying 
identifying 
identifying

2 
2 
2 
2 
2 
2 2 
2

isnot opes isotopes 
isotopes 
isotopes 
isotopes 
Isotopes 
isotopes 
isotopes

207.07 
526.58 
546.88 
766,66 
810.75 
846.97 
657.15 

1136.29

X*V Peak 
ReV Peak 
ISV Peak 
KeV Peak 
XIV Peak 
ReV Peak 
96V Peak 
K.V Peak

vas 
was 
was 
was 

was 

Vas

m 

m 

m



Calculation No. WBNA.PS3-077 IRev: 6 1 Plant: WEN Page: 51
Subject: Offsite and Control Room Operator Doses Due to a Main JPrepared: pj.#4,I Date: 9-1 
ISteam Line Break IChecked: -n P I Date: 414/,.'

Surveillance test I-SI-68-28 performed on 4/9/01

SMYCILLANC5 TASK SHEIT (SPP-8.2) PACE OF0

WORK ORDER: 0100Z800, 3I KEY: P0531 
PROCEDUIREN: 1-SEXA-24 

TITLE: PRI MARY RDIOCIIEN]STRT AEWJIREEENTS 
PEEP SECT: CE"I 

TEST REASON; PERIODIC PEKFONHANCIE 
DUE; Of.109,001 

VGE EXT: Of.110101 
MAN EXT: FORM SPP-6.2-2 

FRES; U 
Eat N 

ASK XI: N 
APP ?Mfg 123 

PERP MODE; 1234 
SUBSONT EWES: 
INSTRUCTIONS: Do NOT start prior to schalutod &A date

ALTOIAIWTO SEEM. SAO DATE 11wE 

START OATE TIME 

&1 1 PI00

SflSSS*Ssflufladtncnminn.u.in.....n II s*ssssannosa.in.a..n.u...nsnn...n.....

TES ERFGEHNS 
NAME SIGNATURAE INIT SECT 

REMARKS,

WAS THIS A COMPLETE ON PARTIAL.  
PgHRONMANCE? (EXLAINI -PATIAL
INI RSHAREE) COMI4PLETU : PANITIALI__ 

WtRe ALL TECH SPEC/TECH REQ/OWOFI/IE 
PROT NEG ACCEPTANCE CRITERIA IATISID7S Y[SQ( NO;_ N/As_ 

WPEF ALL OTHFN ACCIPTANCE CRITERIA 
SATISFIED? YES:__ NO:_ N/AýL.  

ALERT SCHEULING REWIRED? Trig__ NOt_ M/A:_Et 

IF ALL.Td P~P~C E/04FN PROT 

001*09E AC;TI P7~ (SEP " 'KSR) TES.-___ s A

N/A________________ N/A

ACCEPTANCE CRITERIA REVIEW $Ro DATE i TINEf

SVT DIRECTOR / LEAD PEIPOURER

CNIH/ 5

IDAIL

DATE

fltfltU1nflflflt*Sfl*fls*..

COPY 0F STS SENT TO tCM1WULN4t 15r- I /12 
INITIALS GATE

SECT] IO/01EN/0 NRS 

SECTION/EROWfU MRS 

SECT KOR1/01HEN/DU MRS 

RECORS TRAHIHITTALA;__________

I



Calculation No. WIBNAPS3-077 IRev: 6 1Plant: WBN I Page: 52 
Subject: Offsite and Control Room Operator Doses Due to a Main I Prepared: ,,,& I Date: -.  

Steam Line Break Checked: PpqI Date: I/l/o, 

9-APR-2001 14t25;02.67 
TENNESSEE VALLEY AUTHORITY 

WATTS BAR NUCLEAR PLANT 

SAMPLE TITLE : Ul - RCS - GASEOUS ACTIVTY 
FILE IDENT : DKB600:[TVA.SAMPLE.CHEM.NEW]W0104095767_CAO4.CNF;I 

SAMPLE ID : W0104095767 C401 * OPERATOR : DRKERNS 
SAMPLE TIME ; 9-APR-2001 f3;25; * SAMPLE GEOMETRY : GMIX 

* SHELF HEIGHT : 0 
* EFFICIENCY FILE : GM1KO 

SAMPLE TYPE : 1240 CC GAS MARl * SAMPLE QUANTITY : 2.51000E+00 CC 

ACQ DATE & TIME : 9-APR-2001 14:14" * DEADTIME (%) : 0.1% 
PRESET LIVE TIME t 0 00:10:00 * SENSITIVITY 4.00000 
ELASPED REAL TIME : 0 00:10:00 * GAUSSIAN SEN 3 10.00000 
ELAPSED LIVE TIME : 0 00:10:00 * NBR ITERATIONS 10 

DETECTOR : DET #4, GSS-3310 * LIBRARY : NOBLEGAS 
EFFIC CAL DATE 2-AUG-1994 11:26: * EFFIC CERT DATE : 2-AUG-1994 11:26t DCAL DATE & TIME : 9-APR-2001 02:40: * ENERGY TOLER : 1.25 
KEV/CHAN : 5.00516E-01 * HALF LIFE RATIO S 8.00000 
OFFSET 1.44837E-01 keV * ABUNDANCE LIMIT : 80.0% 
Q COEFFICIENT -1.10914E-07 * CORRECTION FACTOR : I.OOOOOE+00 
PEAK START CHAN : 140 * PEAK END CHAN : 4096 

ANALYSES : PEAK V16.9 NID V3.3 MINACT V2.8 WTMEAN/KEY V1.8 

COUNTED ON : I 
COLLECTED BY : 
COUNTED BY : 
REVIEWED BY 
COMMENTS 

Post-NID Peak Search Report 

It Energy Area Bkgnd FWHM Channel Left Pw %Err Fit Nuclides 

0 80.94 902 374 1.03 161.44 157 10 5.2 XE-133 0 151.17 294 315 1.07 301.75 297- 10 12.8 KR-85M 
a 166.01 57 226 1.10 331.42 328 8 47.7 XR-88 
0 196.08 202 345 1.03 391.51 387 10 18.5 ZR-88 
0 249.77 2313 340 1.12 498.78 494 12 2.6 XE-135 
0 258.57 59 201 1.04 516.37 513 8 43.2 
0 402.62 160 50 1.21 804.27 800 8 11.0 KR-87 
0 510.99 7378 174 2.34 1020.88 1013 19 1.2 
0 526.86 66 31 1.08 1052.60 1048 11 20.7 XE-135M 
0 609.00 34 35 0.87 1216.79 1209 16 43.6 XE-135 
0 677.82 14 17 1.85 1354.36 1348 9 61.5 
0 834.68 38 12 1.75 1667.96 1662 12 24.5 KR-88 
0 897.59 24 13 2.20 1793.76 1789 9 34.3



Calculation No. WBNAPS3-077 Rev: 6 Plant: WBN I Page: 53 
Subject: Offslte and Control Room Operator Doses Due to a Main JPrepared: . Date:•1.o, 

Steam Line Break Checked: Date: R/Ix

REPORT NAME : QA CHECK (V10.4) 
REPORT DATE : 9=APR-2001 14:25 
REQUESTOR DRXERNS

PAGE: 1

TENNESSEE VALLEY AUTHORITY 
WATTS BAR NUCLEAR PLANT 

POST NID QA ANALYSIS 

TITLE : Ul - RCS - GASEOUS ACTIVTY

SAMPLE No.  
SAMPLE TYPE 
COUNT TIME 
SAMPLE TIME 
LIBRARY

: W0104095767 C401 
: 1240 CC GAS-MARI 
; 9-APR-2001 14:14:53.  
: 9-APR-2001 13:25:00.  
: NOBLEGAS

OPERATOR NAME : DRKERNS 
SAMPLE GEOMETRY : 011K 
SAMPLE QUANTITY : 2.51000Z+00 
DETECTOR t DET #4, GSS-3310

ISOTOPE 

AR-41 
KR-85M 
KR-87 
KR-88 
XE-133 
XE-135 
XE-135M

PEAK 
ENERGY 

1293.64 
151.18 
402.58 
196.32 

81.00 
249.79 
526.56

AVG ENERGY DIFF -

ENERGY 
DIFF (KEV) 

-0.10 
-0.01 

0.04 
-0.24 
-0.05 
-0.03 

0.30 

-0.01

DECAY CORR 
uCi/CC 

2.696E-03 
2.0133-04 
4.809E-04 
4.982E-04 
1.202E-03 
1.676E-03 
1.105E-03 

7.859E-03 
0.000E+00 • 
7.859E-03 -

COMMENTS 
0-- Results 0
QA Results OK 
9A Results OK 
QA Results OK 
0A Results OK 
QA Results OK 
0A Results OK

TOTAL GAMMA ACTIVITY 
Total DGL Activity 
Total Gas Activity

UNIDENTIFIED/RZJECTED PEAKS

GAMMA/SEC 
GAMMA/SEC /CC 

3.448E+00 1.374E+00 
7.643Z+02 3.045E+02

14. 1.85 1.829E+00 7.289E-01

4.089Z+00 1.629E+00 4.3 

5.418E+00 2.159E+00 24.3

NET ARMEA 

59.  
7378.

FWN14 

1.04 
2.34

ENERGY 

258.57 
510.99 

677.82 

897.59 

1835.84

24. 2.20 

17. 2.13

ACTIVITY 

1.724E-03 
6.016E-03 
0.000E+00 
1.845E-04 
4.9493-04 
3.9323-04 
4.716E-05 
3.4083-04 
5.872E-05

1Y- 01 01
I

a



Calculation No. WBNAPS3-077 I Rev: 6 1 Plant: WBN I Page: 54
Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: Date: a -t 

Steam Line Break JChecked: 4 I Date:/ 

9-APR-2001 10:48:39.98 
TENNESSEE VALLEY AUTHORITY 

WATTS BAR NUCLEAR PLANT 

SAMPLE TITLE : Ul - RCS - DEGASSED LIQUID ACTIVITY 
FILE IDENT : DKB600:[TVA.SAMPLE.CHEM.NEW]W0104095766_C402.CNF;1 

SAMPLE ID : W0104095766 C402 * OPERATOR : WNCLONTZ 
SAMPLE TIME : 9-APR-2001 'U8S20: * SAMPLE GEOMETRY : 65ML 

* SHELF HEIGHT : 1 
• EFFICIENCY FILE 65MLI 

SAMPLE TYPE : RCS 65ML BOTTLE * SAMPLE QUANTITY 1.58100E+01 GCRAMS 

ACQ DATE & TIME : 9-APR-2001 09:45: * DEADTIME (%) 3 4.6% 
PRESET LIVE TIME : 0 01:00:00 * SENSITIVITY 4.00000 
ELASPED REAL TIME : 0 01:02:52 * GAUSSIAN SEN 10.00000 
ELAPSED LIVE TIME : 0 01:00:00 * NBR ITERATIONS : 10 

DETECTOR : DET #4, GSS-3310 * LIBRARY : RCSLIOUID 
EFFIC CAL DATE : 19-JTL-2000 20:26 * EFFIC CERT DATE : 19-JUL-2000 20:26 
DCAL DATE & TIME : 9-APR-2001 02:40: * ENERGY TOLER : 1.25 
KEV/CHAN : 5.00516E-01 * HALF LIFE RATIO : 8.00000 
OFFSET ; 1.44837E-01 keV * ABUNDANCE LIMIT : 80.0% 
0 COEFFICIENT : -1.10914E-07 * CORRECTION FACTOR : 1.00000E+00 
PEAK START CHAN : 140 * PEAK END CHAN : 4096 * A*********** * AAA**A**** A******** **********A*A******** ********* * * AA AA* A****A********** 
ANALYSES : PEAK V16.9 NID V3.3 NINACT V2.8 WTMEAN/KEY V1.8 

COUNTED ON :LIO COLLECTED BY 
COUNTED BY LON 
REVIEWED BY _ COMMENT 7, Z 7_, 

Post-NID Peak Search Report 

It Energy Area Dkgnd FWHM Channel Left Pv %Err Fit Nuclides 

0 134.55 991 52495 0.82 268.75 266 7 38.5 W-187 
1-134 

0 249.78 2586 43764 1.22 498.80 496 7 13.6 XE-135 
0 364.48 569 19365 0.96 728.04 726 6 39.0 1-131 
0 405.26 542 12870 1.06 809.53 807 7 35.0 1-134 
0 433.34 305 11020 0.97 865.66 863 7 57.4 1-134 
0 462.88 898 11840 1.08 924.71 921 8 21.3 CS-138 
0 478.53 2028 19343 2.93 955.98 948 13 14.3 BE-7 

W-187 
0 510.97 1460805 45497 2.66 1020.82 1013 18 0.1 F-18 
0 522.71 1163 2480 1.33 1044.29 1041 8 8.0 1-132 
2 526.52 1531 2060 1.17 1051.91 1048 16 5.5 9.34E-01 1-135 

XE-135M



Calculation No. WBNAPS3-077 Rev: 6 1 Plant: WBN Page: 55 
Subject: Offsite and Control Room Operator Doses Due to a Main Prepared: #'-. [Date: 1-7..  

Steam Line Break Checked: Oe I Date: •/f/ta

9-APR-2001 10s48:39.98 
TENNESSEE VALLEY AUTHORITY 

WATTS BAR NUCLEAR PLANT 

SAMPLE TITLE : Ul - RCS - DEGASSED LIQUID ACTIVITY 
FILE IDENT : DKB600:[TVA.SAMPLE.CHEM.NEW]W0104095766_C402.CNF;I 

SAMPLE ID W0104095766 C402 * OPERATOR : WNCLONTZ 
SAMPLE TIME 9-AFR-2001 a8:20: * SAMPLE GEOMETRY t 65ML 

* SHELF HEIGHT t 1 
: EFFICIENCY FILE : 65ML1 

SAMPLE TYPE : RCS 65ML BOTTLE * SAMPLE QUANTITY : 1.581001+01 GRAMS 

ACQ DATE & TIME : 9-APR-2001 09:45: * DEADTIME (%) : 4.6% 
PRESET LIVE TIME : 0 01:00:00 * SENSITIVITY : 4.00000 
ELASPED REAL TIME : 0 01:02:52 * GAUSSIAN SEN : 10.00000 
ELAPSED LIVE TIME : 0 01:00:00 * NBR ITERATIONS : 10 

DETECTOR DET #4, GSS-3310 * LIBRARY : RCSLIQUID 
EFFIC CAL DATE : 19-JUL-2000 20126 * EFFIC CERT DATE : 19-JUL-2000 20:26 
DCAL DATE & TIME : 9-APR-2001 02:40: * ENERGY TOLER : 1.25 
KEV/CHAN : 5.00516E-01 * HALF LIFE RATIO : 8.00000 
OFFSET : 1.44837E-01 keV * ABUNDANCE LIMIT ! 80.0% 
Q COEFFICIENT : -1.10914E-07 * CORRECTION FACTOR : 1.00000E+00 
PEAK START CHAN z 140 * PEAK END CHAN : 4096 

ANALYSES : PEAK V16.9 KID V3.3 MINACT V2.8 WTMEAN/XEY V1.8 

COUNTED ON LIO~f COLLECTED BY 
COUNTED BY L N Z 
REVIEWED BY C__ __7_____Z_4 ,e_-.3 COMMENTS 

Post-RID Peak Search Report 

It Energy Area Bkgnd FWHM Channel Left Pw %Err Fit Nuclides 

0 134.65 991 52495 0.82 268.75 266 7 38.5 W-1-7 
1-134 0 249.78 2586 43764 1.22 498.80 496 7 13.6 XE-135 

0 364.48 569 19365 0.96 728.04 726 6 39.0 1-131 
0 405.26 542 12870 1.06 809.53 807 7 35.0 1-134 
0 433.34 305 11020 0.97 865.66 863 7 57.4 1-134 
0 462.88 898 11840 1.08 924.71 921 8 21.3 CS-138 
0 478.53 2028 19343 2.93 955.98 948 13 14.3 BE-7 

W-187 
0 510.97 1460805 45497 2.66 1020.82 1013 18 0.1 F-18 
0 522.71 1163 2480 1.33 1044.29 1041 8 8.0 1-132 
2 526.52 1531 2060 1.17 1051.91 1048 16 5.5 9.34E-01 1-135 

XE-135M



Calculation No. WBNAPSS-077 Rev: 6 Plant: WBN Page: 56 
Subject: Offsitv and Control Room Operator Doses Due to a Main I Prepared: & C 6 Date: 

Steam Line Break lChecked:•Dff I Date://LJ

REPORT NAME QA CHECK (V10.4) 
REPORT DATE 9-APR-2001 10:48 
REQUESTOR WNCLONTZ 

TENNESSEE VALLEY AUTHORITY 
WATTS BAR NUCLEAR PLANT 

POST NID QA ANALYSIS 

TITLE :U - RCS - DEGASSED LIQUID ACTIVITY

SAMPLE No. : W0104095766 C402 
SAMPLE TYPE : RCS 65ML BOTTLE 
COUNT TIME ; 9-APR-2001 09:45:36.  
SAMPLE TIME 9-APR-2001 08;20:00.  
LIBRARY : RCSLIQUID

PAGE ; 1

OPERATOR NAME : WNCLONTZ 
SAMPLE GEOMETRY : 65ML 
SAMPLE QUANTITY 1.58100E+01 
DETECTOR : DET #4, GSS-3310

PEAK ENERGY 
ISOTOPE ENERGY DIFF (KEV) 

F-18 511.00 -0.03 
NA-24 1368.53 0.05 
?3N-56 1810.69 0.33 
CO-58 810.76 0.00 
CO-60 1173.22 0.28 
NB-95 765.79 0.46 
1-131 364.48 0.00 
1-132 667.69 0.00 
1-133 529.87 0.01 
1-134 847.03 -0.04 
1-135 1260.41 -0.03 
XE-135 249.79 -0.02 
XE-135M 526.56 -0.04 
CS-138 1435.86 -0.20 

AVG ENERGY DIFF 0.06

Dose Equivalent Iodine-131 
Iodine 131/133 Ratio - 6.35 
Iodine 133/135 Ratio - 5.27

DECAY CORR 
uCi/GRAM 

1,116E-01 
2.060E-03 
2.088E-04 
6.218E-04 
2.776E-05 
2.7943-05 
3.881E-05 
1.165E-03 
6.105E-04 
2.334E-03 
1.158E-03 
1.380]-04 
1.9723-02 
2.195E-03 

1.419E-01 
1.168E-01 
2.223E-03 
2.918E-03 
1.986E-02 
5.307E-03 

2.09BE-04 
7E-02 
4E-01

COMMENTS

QA 
QA 
QA 
QA 
QA 
DA 
QA 
OA 
QA 
QA OA 
QA 
0A 
QA

U 

U1

TOTAL 
Total 
Total 
Total 
Total 
Total

Results 
Results 
Results 
Results 
Results 
Results 
Results 
Results 
Results 
Results 
Results 
Results 
Results 
Results

OK 
OK 
OK 
OK 
OK 
OR 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK

GAMMA ACTIVITY 
DGL Activity 
FP Activity 
AP Activity 
Gas Activity 
1F? Activity

identifying 
identifying 
identifying 
identifying 
identifying 
identifying 
identifying 
identifying 
identifying

134.65 
478.53 
526.52 
546.50 
766.25 
772.62 
810.76 
835.61 
846.98

KeV 
KsV 
KeV 
KeV 
ReV 
KeV 
xeV 
KeV 
KeV

Peak 
Peak 
Peak 
Peak 
Peak 
Peak 
Peak 
Peak 
Peak

Vag van 

was 
was 
was 
was 
wag 
was 
was

used 
used 
used 
used 
used 
used 
used 
used 
used

in 
in 
in 
in 
in 
in 
in 
in 
In

2 
2 
2 
2 
2 
2 
2 
2 
2

isotopes 
isotopes 
isotopes 
isotopes 
isotopes 
isotopes 
isotopes 
isotopes 
isotopes



ENCLOSURE 1 

ATTACHMENT 4 

WATTS BAR NUCLEAR PLANT UNIT 1 

OUTSIDE DIAMETER STRESS CORROSION CRACKING (ODSCC) 

ATMOSPHERIC DISPERSION VALUES (X/Q) ARCON96 CALCULATION



'VAN CALCULATION COVERSHEETICCRIS UPDATE
Page 1 

REV 0 EDMS/RIMS NO. EDMS TYPE: EDMS ACCESSION NO (N/A for REV. 0) 

calculations(nudear) T T 1 010228 g0-0 
Calc Title: WBN CONTROL ROOM X/Q 

CALC ID TYPE PLANT BRANCH NUMBER CUR REV NEW REV 

CURRENT REVISIONAPPLICABILITY 

NEW CN WBN NTB WBNAPS3.104 0 Selected pages r 

No CCRIS Changes [I 
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PURPOSE 

The purpose of this calculation is to compare control room XIQ values calculated by Stone & 
Webster (calculation Attachment A) with control room X/Q values used earlier at Watts Bar (calculation 
TI-RPS-198, Attachment B and WBNTSR-008, Attachment C), and determine the difference between 
old (Halitsky) and new ACRON96 methodologies. The X/Q values are used to determine doses to control 
room personnel from plant releases during normal operation and accident conditions.  

INTRODUCTION 

This analysis compares X/Q values to the control room intakes (emergency and normal intakes) for 
various accident scenarios using two different methodologies: (a) utilizing Halitsky methodology, and (b) 
the most recently developed ARCON96 methodology.  

The conventions used in this analysis are as follows: 

X/Q for LOCA/FHA = XIQ for containment stack/vent release 
X/Q for SGTRIMSLB = X/Q for main steam valve vault release 

DESIGN INPUT DATA 

The results of X/Q calculations are compiled in the Tables shown below. Table No. 1 (results are 
extracted from calculation TI-RPS-198, R15) and Table No. 2 (results are from Stone & Webster 
calculation WM(B)-001, RO) show XIQ values used for a LOCA/FHA; Table No. 3 (results are taken from 
calculation WBNTSR-008, R7) and Table No. 4 (results are taken from Stone & Webster calculation 
WM(B)-001, RO) show X/Q values used for SGTRPMSLB.  

Table No. 1 

X/Q values used in calculation TI-RPS- 198, R15 (Attachment A) to 
estimate doses to control room personnel after LOCA/FHA 

using Halitaky method

Ai intake 

0.2 hr 2-8 hr 8-24 hr 1-4 day 4-30 days Noflocatin 

UMi I Case No. 1 Full Rx Bldg 3 itiQ _4$ 6.9E03 S72E-04 1.40E-04 IlEast 
cam No. 2 Re Rx Bldg 2.1SE-03 1.31E-03 •B V 

Unit 2 Case No. 3 Full RX Bldg 1.50E-03 1.02E-03 7.n E-04 3.80E.04 9.63E-05 1iEast 

Case No. 4 Full R-x Bldg 1.32E-03 8.58E-04 5.89E-04 3.17E.04 7.6E-05I 2iWest 

Shaded areas show the worst X/Q values for time intervals up to 8 hours. For WBN 
at 8 hours the operator switch intakes to the more favorable vent (per TI-RPS-198).



Calculation No. WBNAPS3-104 
Subject: WBN Control Room X/Q

Table No. 2 

X/Q values determined in Stone & Webster calculation WM(B)-001, RO (Attachment C) 
using ARCON96 methodology to calculate doses to control room personnel after LOCA/FHA 

Air k1(e 

0-2 hr 2-a hr 8-24 hr 1-4 day 4-30 days Nolocation 

Unit 1 Case No. I Full Rx Bldg 4.47E-04 2.81E-04 ,1Et 

Unit 1 Case No. 2 Full Rx Bldg 1.09E-03 9.50E-04 4.56E-04 3.09E-04 2.35E-04 2WeAt 

1V2 Rx Bldg .09-E03 9.59E-04 4.60E-04 3.09E-04 2.37E-04 2/West 

114 Rx Bldg 1.09E-03 9.72E-04 4.65E-04 3.106E-04 2.39E-04 2/Nst 

1/8 Rx BJldg 1.12;503 9.704 J 4.73E.04 3.1OE-04 2.41 E-04 2/West 

No Bldg Area 1.29E-03 1. 16E-03 5.55E-04 3.35E-04 2.84E-04 2/Wet 

Unit2 Case No. 3 Full Rx Bldg 8.26E-04 7.69E-04 3.90E-04 2.98E-04 2.17 -04 1/Eat 

1/2 Rx Bldg 8.28E-04 7.75E-04 3.94E-04 2.99E-04 2.1 8E-04 1/East 

1/4 Rx Bldg 8.63E-04 7.69E-04 4.01E-04 2.99E-04 2.19E-04 1/East 

1/8 Rx Bldg $.$5E-04 7.73E-04 4.09E-04 3.OOE-04 2.21E-04 1/East 

No Bldg Area 9.78E-04 9.08E-04 4.71E-04 3.21 E-04 2.36E-04 1/East 

Unit 2 Case No. 4 Full Rx Bldg 4.13E-04 3.54E-04 1.90E-04 1.43E-04 1.03E-04 2/West 

Shaded areas show the worst X/Q values for time intervals up to 8 hours. For WBN 
at 8 hours the operator switch intakes to the more favorable vent (per TI-RPS-198).  

Table No. 3 

X/Q values used in calculation WBNTSR-008, R7 (Attachment B) 
to estimate doses to control room personnel after SGTRJMSLB 

using Halitaky method 

Air intake 

0-2 hr 2-8 hr 8-24 hr 1-4 day 4.30 days No/location 

Unit I Case No. 1I Full Rx Bldg 3.84E.03 2.03E-03 /E1st 

Case No. 2 Full Rx Bldg 1.97E-03 1.37E-03 9.84E-04 2/West 

Unit 2 Case No. 3 Full Rx Bldg 2.53W-03 1.72E-03 1.48.-03 1.04E-03 7.23F-04 IlEast 

Case No. 4 Full Rx Bldg 1.70E-03 1.10E-03 9.44E-04 6.73E-04 4.84E-04 2/West 

Shaded areas show the worst X/Q values for time intervals up to 8 hours. For WBN 
at 8 hours the operator switch intakes to the more favorable vent (per TI-RPS-198).
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Table No. 4 

X/Q values estimated in Stone & Webster calculation WM(B)-001, RO (Attachment C) 
using ARCON96 methodology to calculate doses to control room personnel due to SGTR/MSLB 

Air Intake 

0-2 hr 2-8 hr 8-24 hr 1-4 day 4-3 days No/location 

UnitI Case No. 5 Full Rx Bldg 7.96E-04 4.58E-04 ~ 1 ~ - 1/East 

1/2 Rx Bldg 8.01E-04 4.70E-04 2.23E-04 1.79E-04 1.44E-04 I/East 

1/4 Rx Bldg 8,07E-04 4.72E-04 2.25t=-04 1.80E-04 1.45E-04 I/East 

18 Rx Bldg A.-•E-04 ; 1j;ý.04.• 1/East 

No Bldg Area 8.96E-04 5.1SE-04 2.47E.04 1.95E-04 1.55E-04 1/East 

Unit I Case No. 6 Full Rx Bldg 4.03E-03 3.35E-03 1.54E-03 1.05E-03 8.81E-04 2/West 

Unit 2 Case No. 7 Full Rx Bldg 2.60E-03 2.162-03 1.0212-03 6.96E-04 5.71 E-04 1/East 

1/2 Rx Bldg 2.60E-03 2.17E-03 1.02E-03 6 97E-04 5.73E-04 1/East 

1/4 Rx Bldg 2.61E-03 2.18E-03 1.02E-03 8.99E-04 5.74E-04 1/East 

1/8 Rx Bldg 2.62E-03 2.19E-03 1.03E-03 7.012-04 5.76E-04 1/East 

No Bldg Area 2.87E-03 2.46E.03 1.14E-03 7.66E.04 6.22E-04 t/East 

Unit 2 Case No. 8 Full Rx Bldg 5.85E-04 3.89E-04 1.93E-04 1.47E-04 1.17E-04 2/west 

1/2 Rx Bldg 5.87E-04 3.91E-04 1,93E-04 1.47E-04 1,17E-04 2NWest 

1/4 Rx Bldg 5.92F-04 3.92E-04 1.95E-04 1.48E-04 1.18E-04 2@a,.st 

1/8 Rx Bldg 5.97E-04 3.94E-04 1.96E-04 1.49E.04 1.1BE-04 2/West 

No Bldg Area 0.30E-04 4.10E-04 2,07E-04 1.55E-04 1.21 E-04 2NWest 

Shaded areas show the worst X/Q values for time intervals up to 8 hours. For WBN 
at 8 hours the operator switch intakes to the more favorable vent (per TI-RPS-198).  

ASSUMPTIONS 

See References 1, 2 and 3.  

SPECIAL REQUIREMENTS/LIMITING CONDITIONS 

There are no special requirements or limiting conditions in this calculation.  

CALCULATIONS 

X/Q values are used to determine the doses to control room personnel. The earlier calculation 
(WBNTSR.008 R7 and TI-RPS-198 R15) used Halitsky methodology to calculate X/Q atmospheric 
dispersion due to SGTR and LOCA accidents. Recently Stone and Webster performed X/Q 
determination using the latest version of the Atmospheric Relative CONcentration (ARCON96 
computer code documented as Stone & Webster EN-292, VOO, LOO, see Reference. 1). This method is 
approved and recommended by NRC.
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These two different calculating philosophies were compared. The X/Q values calculated using Halitsky 
methodology were divided by X/Q values estimated using ARCON96 methodology. The evaluation was 
performed for LOCA/FHA and SGTR/MSLB scenarios. The final results are compiled in Tables 5, 6, 7 
and 8.  

RESULTS 

The calculated numbers show that the X/Q values estimated using Halitsky methodology contain 
significant margin of conservatism for all time intervals except for time interval 4-30 days in Tables 5 
and 6.  

All other Halitsky calculated numbers are conservative and significantly exceed the safety margin 
established by using ARCON96 methodology.  

Table No. 5 

Ratio of LOCA/FHA X/Q cases 1 and 2 from calculation TI-RPS-198 (Halitsky) 
to cases 1 and 2 from S&W (ARCON96)

Air intake 

Ratio 0-2 hr 2-8 hr 8-24 hr 1-4 day 4-30 days Nollocaton 

I Case No. 1/1 Full Rx Bldg 6.96 5.84 9.01 6.11 1.80 M/East 

2 Case No. 2/2 Full Rx Bldg 1.97 1.38 1.83 1.41 0.45 2/West 

1/2 Rx Bldg 1.97 1.37 1.81 1.41 0.45 2MWest 

1/4 Rx Bldg 1.97 1.35 1.79 1.41 0.44 2/West 

lJ8 Rx Bldg 1.92 1.34 1.76 1.41 0.44 2/West 

No Bldg Area 1.67 1.13 1.50 1.30 0.40 2/West

Table No. 6 

Ratio of LOCA/FHA X/Q cases 3 and 4 from calculation TI-RPS-198 (Halitsky) 
to cases 3 and 4 from S&W (ARCON96) 

Air intake 

Ratio 0-2 hr 2-8 hr 8-24 hr 1-4 day 4-30 days No/location 

3 Case No. 3/3 Full Rx Bldg 1.81 1.23 1.80 1.28 0.44 2/West 

1/2 Rx Bldg 1.81 1.23 1.78 1.27 0.44 1MEast 

1/4 Rx Bldg 1 74 1.18 1.75 1.27 0.44 1/East 

118 Rx Bldg 1.69 1.18 1.71 1.27 0.44 I/East 

No Bldg Area 1.53 1.04 1.49 1.18 0.41 1,East 

4 Case NO. 414 Full Rx Bdg1 3.20 2.42 3.10 2.22 0.73 2/West
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Table No. 7 

Ratio of SGTR/MSLB X/Q cases 1 and 2 from calculation WBNTSR-008 (Halitsky) 
to cases 5 and 6 from S&W (ARCON96) 

A intake 

Ratio 0-2 hr 2-8 hr 8-24 hr 1-4 day 4-30 days Notlocation 

5 Case No. 115 Full Rx Bldg 4.82 4.34 7.53 6.63 6.17 lIEast 

112 Rx Bldg 4.79 4.32 7.53 6.59 6.17 1/East 

114 Rx Bldg 4.76 4.30 7.47 6.56 6.13 1/East 

1/8 Rx Bldg 4.71 4.27 7.40 6.52 6.13 1/East 

No Bldg Area 4.29 3.93 6.80 6.05 5.74 1/East 

CaseNO 2/B Ful Rx Bldg 1.01 0.74 1.28 1.30 1.12 2iWest 

Table No. 8 

Ratio of SGTR/MSLB X/Q cases 3 and 4 from calculation WBNTSR-008 (Halitsky) 
to cases 7 and 8 from S&W (ARCON96)

- -ll li- II I I- I- -A.r.n. . SAir intake 

Ratio 0.2hr 2.Shr 8-24 hr 1-4 day 4-30 days No/tocatlon 

7 Case NO. 3/7 Full Rx Bldg 0.97 0.80 1.43 1.49 1.27 1/Esst 

1/2 Rx Bldg 0.97 0.79 1.43 1.49 1.28 1/East 

1)4 Rx Bldg 0.97 0.79 1.43 1.49 1.26 1/East 

1/B Rx Bldg 0.97 0.79 1.42 1.48 1.20 l/East 

No Bldg Area 0.88 0.70 1.28 1.38 1.16 1/East 

8 Case No. 4/8 Full Rx Bldg 2.91 2.83 4.89 4.58 3.97 2AWest 

1/2 Rx Bldg 2.90 2.81 4.89 4.58 3.97 2NWest 

1/4 Rx Bldg 2.87 2.81 4.84 4.56 3.93 2/West 

1/8 Rx Bldg 2.85 2.79 4.82 4.52 3.93 2Wost 

No Bldg Area 2.66 2.68 4.56 4.34 3.83 2NVest
- I J I - - -,- -

CONCLUSIONS 

Based on calculated results it can be concluded that the X/Q values using Halitsky methodology 
envelope the X/Q values calculated by ARCON96 method.
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OBJECTIVE 

To calculate normalized atmospheric dispersion values (i.e., X/Qs) at the Watts Bar normal and emergency 
control room air intakes for gaseous radiological releases from the Unit 1 and Unit 2 reactor vents following a 
Loss of Coolant (LOCA) accident and from the Unit 1 and Unit 2 exhaust stacks following a Steam Generator 
Tube Rupture (SGTR). These X/Q calculations also determine the sensitivity of the X/Q values to the cross
sectional building area used as input to the ARCON96 program.  

The specific release-receptor combinations for which X/Q values are calculated are as follows: 

1. Unit 1 Reactor Vent to Emergency Control Room Air Intake (LOCA) 
2. Unit 1 Reactor Vent to Normal Control Room Air Intake (LOCA) 
3. Unit 2Reactor Vent to Emergency Control Room Air Intake (LOCA) 
4. Unit 2Reactor Vent to Normal Control Room Air Intake (LOCA) 
5. Unit 1 Exhaust Stacks to Emergency Control Room Air Intake (SGTR) 
6. Unit 1 Exhaust Stacks to Normal Control Room Air Intake (SGTR) 
7. Unit 2Exhaust Stacks to Emergency Control Room Air Intake (SGTR) 
8. Unit 2Exhaust Stacks to Normal Control Room Air Intake (SGTR) 

METHODOLOGY 

The control room intake X/Q values for the aforementioned eight (8) release/receptor combinations are 
calculated using the latest version of the "Atmospheric Relative CONcentrations in Building Wakes" 
(ARCON96) methodology (Ref. 1). Input data include: hourly on-site meteorological data; release 
characteristics including release height and the building area affecting the release; and receptor information 
such as distance and direction from the release to the control room air intake and intake height.  

This methodology Is able to evaluate ground-level, vent, and elevated stack releases and treats building 
wake effects and low wind speed plume meander effects when applicable. A mixed mode approach is used 
in the case of vent releases to determine If the release should be treated as ground level or elevated. This 
methodology Is also able to evaluate area source releases, as in this case of multiple vents spread over a 
roof top, using the virtual point source technique where initial values of the dispersion coefficients are 
assigned based on the size of the area source. The various averaging time X/Q values are calculated 
directly from running averages of the hourly X/Q values.  

A continuous temporally representative 18-year period of hourly data from Watts Bars meteorological tower 
(i.e., January 1, 1976 through December 31, 1993) is used in this calculation (Ref. 2). Each hour of data, at 

a minimum, must have a validated wind speed and direction at the 10-meter level and a temperature 
difference between the 45- and 10-meter levels. The release/receptor Information Is taken from Refs. 3 
through 8.  

All releases are conservatively treated as ground-level as there are no releases at this site that are high 
enough to escape the aerodynamic effects of the plant buildings (i.e., 2.5 times Containment Building height, 

Ref. 9). The reactor building area having an effect on the dispersion of the applicable releases is evaluated 

for its effect on the calculated X/Q values. The full reactor cross-sectional area, along with 1/2, 1/4 and 1/8 

of the reactor cross-sectional area, are used as input to the calculation. The effect of using no building 

cross-sectional area on the calculated X/Q values Is also evaluated. The sensitivity of X/Q values to building 

area Is not evaluated for Release/Receptor combinations 1, 4, and 6 as the use of the full reactor building 
cross-sectional area is clearly justified for these orientations (see Ref. 3).
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The building area sensitivity analysis, along with a review of U.S. NRC NUREGS and technical papers dealing 
with building wake effects relative to X/Q calculations (Refs. 10-15), are used as the basis for selecting the 
cross-sectional building areas for this calculation that are considered defensible to the U.S. NRC.  

ASSUMPTIONS 

1. The plume centerline from each release is conservatively transported directly over the control room air 
intake.  

2. The reactor building cross-sectional areas used as input to the calculation include the full cross-sectional 
area along with 1/2, 1/4, and 1/8 of the building area. No building area is also used. Release/Receptor 
combinations 1, 4, and 6 are excluded from the building area analysis as the use of the full reactor 
building cross-sectional area is clearly justified for these orientations (see Ref. 3).  

3. The ARCON96 default wind direction range of 900 centered on the direction that transports the gaseous 
effluents from the release points to either of the intakes is used in the calculation. The ARCON default 
calm wind speed value of 0.5 m/sec is also used in this calculation.  

4. The ARCON96 default values for surface roughness length (i.e., 0.10 meter), representative of the 
topography in the vicinity of the Watts Bar Plant, and sector averaging constant (4.0) are used in the 
calculation.  

5. All releases are conservatively treated as ground level releases as there are no release conditions that 
merit categorization as an elevated release (i.e., 2.5 times Containment Building height, Ref. 9) at this 
site.  

6. Given that the SGTR stack releases are from multiple sources, the distance from each set of stacks to 
each control room air Intake is conservatively based on the stack closest to the air intake.
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INPUT DATA 

Meteorological Data (Ref. 2): 

Parameter Units 

9.7-meter wind speed 0.1 mi/hr 
9.7-meter wind direction degrees azimuth 
Atmospheric stability class P-G stability class (1-7) 
(based on 45.6-9.5 meter temperature difference) 

Wind speed assigned to calm = 0.5 m/sec (ARCON96 default) 

Data Period: January 1, 1976 through December 31, 1993 

Release/Receptor Data: 

1. Unit 1 Reactor Vent to Emergency Control Room Air Intake (LOCA) 

Distance from Reactor Vent to emergency control room air Intake = 108.7 meters - (Ref. 3) 
Wind direction from Reactor Vent to emergency control room air intake = 3040 azimuth - (Ref. 3) 
Plant grade elevation = 728.0 ft - (Ref. 5) 
Emergency control room air intake elevation = 775.0 ft - (Refs. 3 & 4) 
Emergency control room air intake elevation above grade = 775.0 ft - 728.0 ft = 47.0 ft (14.33 m) 
Reactor Vent elevation = 857.6 ft - (Ref. 7) 
Reactor Vent height above grade = 857.6 ft - 728.0 ft = 129.6 ft (39.5 m) 
Reactor Building height up to dome base = 862 ft - 728 ft = 134 ft - (Ref. 8) 
Reactor Building diameter (d) = 131.08 ft - (Ref. 7) 
Reactor Building area (up to dome curvature) = 134.0 ft x 131.08 ft = 17,564.7 ft2 (1,631.8 m2) 
Reactor Building dome area = ir 2 (8/360) - [r2 sin(O)]/2; where 

0 = 2cos'(d/r), and 
d = distance from the origin of the dome sphere to the top of the dome base 

Elevation of the origin of the dome sphere = 790.01 ft (Ref. 7) 
Distance (d) from the origin of the dome sphere to the top of the dome base = 862.0 ft - 790.01 ft =71.99 ft 
Reactor Building dome radius (r) = 89.03 ft (Ref. 7) 
0 = 2cos'1(71.99 ft/89.03 ft) = 72.08 degrees 
Reactor Building dome area = n(89.03 ft) 2 (72.08/360) - [(89.03)2 sln(72.08)y2 = 1,214.9 ft2 

Full Reactor Building area (total) = 17,564.7 ft2 + 1,214.9 ft2 = 18,779.6 ft2 (1,744.7 M2) 
1/2 Reactor Building area = (1,744.7 m2)/2 = 872.4 m2 

1/4 Reactor Building area = (1,744.7 m2)/4= 436.2 m2 

1/8 Reactor Building area = (1,744.7 m2)/8 = 218.1 m2 

2. Unit I Reactor Vent to Normal Control Room Air Intake (LOCA) 

Distance from Reactor Vent to normal control room air intake = 67.9 meters - (Ref. 3) 
Wind direction from Reactor Vent to normal control room air intake = 3460 azimuth - (Ref. 3) 
Plant grade elevation = 728 ft - (Ref.5) 
Normal control room air intake elevation = 775 ft - (Refs. 3 & 4) 
Normal control room air intake elevation above grade = 775 ft - 728 ft = 47.0 ft (14.33 M) 
Reactor Vent elevation = 857.6 ft - (Ref. 7) 
Reactor Vent height above grade = 857.6 ft - 728.0 ft = 129.6 ft (39.5 m) 
Reactor Building area - see Release/Receptor No. I
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3. Unit 2 Reactor Vent to Emergency Control Room Air Intake (LOCA) 

Distance from Reactor Vent to emergency control room air intake = 79.6 meters - (Ref. 3) 
Wind direction from Reactor Vent to emergency control room air intake = 80 azimuth - (Ref. 3) 
Plant grade elevation = 728.0 ft - (Ref. 5) 
Emergency control room air intake elevation = 775.0 ft - (Refs. 3 & 4) 
Emergency control room air intake elevation above grade = 775.0 ft - 728.0 ft = 47.0 ft (14.33 m) 
Reactor Vent elevation = 857.6 ft - (Ref. 7) 
Reactor Vent height above grade = 857.6 ft - 728.0 ft = 129.6 ft (39.5 m) 
Reactor Building area - see Release/Receptor No. 1 

4. Unit 2 Reactor Vent to Normal Control Room Air Intake (LOCA) 

Distance from Reactor Vent to normal control room air intake = 119.3 meters - (Ref. 3) 
Wind direction from Reactor Vent to normal control room air intake = 46e azimuth - (Ref. 3) 
Plant grade elevation = 728.0 ft - (Ref. 5) 
Normal control room air Intake elevation = 775.0 ft - (Refs. 3 & 4) 
Normal control room air intake elevation above grade = 775.0 ft - 728.0 ft = 47.0 ft (14.33 m) - (Ref. 10) 
Reactor Vent elevation = 857.6 ft - (Ref. 7) 
Reactor Vent height above grade = 857.6 ft - 728.0 ft = 129.6 ft (39.5 m) 
Reactor Building area - see Release/Receptor No. 1 

5. Unit 1 Exhaust Stacks to Emergency Control Room Air Intake (SGTR) 

Distance from Exhaust Stack to emergency control room air intake = 81.1 meters - (Ref. 3) 
Wind direction from Exhaust Stack to emergency control room air intake = 2920 azimuth - (Ref. 3) 
Plant grade elevation = 728.0 ft - (Ref. 5) 
Emergency control room air Intake elevation = 775.0 ft - (Refs. 3 & 4) 
Emergency control room air intake elevation above grade = 775.0 ft - 728.0 ft = 47.0 ft (14.33 m) 
Exhaust Stack elevation = 796.0 ft - (Ref. 6) 
Exhaust Stack height above grade = 796.0 ft - 728.0 ft = 68.0 ft (20.7 m) 
Reactor Building area - see Release/Receptor No. 1 

6. Unit 1 Exhaust Stacks to Normal Control Room Air Intake (SGTR) 

Distance from Exhaust Stack to emergency control room aIr Intake = 35.5 meters - (Ref. 3) 
Wind direction from Exhaust Stack to emergency control room air Intake = 3580 azimuth - (Ref. 3) 
Plant grade elevation = 728.0 ft - (Ref. 5) 
Normal control room air intake elevation = 775.0 ft - (Refs. 3 & 4) 
Normal control room air Intake elevation above grade = 775.0 ft - 728.0 ft = 47.0 ft (14.33 m) 
Exhaust Stack elevation = 796.0 ft - (Ref. 6) 
Exhaust Stack height above grade = 796.0 ft - 728.0 ft = 68.0 ft (20.7 m) 
Reactor Building area - see Release/Receptor No. 1
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7. Unit 2 Exhaust Stacks to Emergency Control Room Air Intake (SGTR) 

Distance from Exhaust Stack to emergency control room air intake = 45.1 meters - (Ref. 3) 
Wind direction from Exhaust Stack to emergency control room air intake = 120 azimuth - (Ref. 3) 
Plant grade elevation = 728.0 ft - (Ref.5) 
Emergency control room air intake elevation = 775.0 ft - (Refs. 3 & 4) 
Emergency control room air intake elevation above grade = 775.0 ft - 728.0 ft = 47.0 ft (14.33 m) 
Exhaust Stack elevation = 796.0 ft - (Ref. 6) 
Exhaust Stack height above grade = 796.0 ft - 728.0 ft = 68.0 ft (20.7 m) 
Reactor Building area - see Release/Receptor No. 1 

8. Unit 2 Exhaust Stacks to Normal Control Room Air Intake (SGTR) 

Distance from Exhaust Stack to emergency control room air intake = 96.5 meters - (Ref. 3) 
Wind direction from Exhaust Stack to emergency control room air intake = 600 azimuth - (Ref. 3) 
Plant grade elevation = 728.0 ft - (Ref. 5) 
Normal control room air intake elevation = 775.0 ft - (Refs. 3 & 4) 
Normal control room air intake elevation above grade = 775.0 ft - 728.0 ft = 47.0 ft (14.33 m) - (Ref. 10) 
Exhaust Stack elevation = 796.0 ft - (Ref. 6) 
Exhaust Stack height above grade = 796.0 ft - 728.0 ft = 68.0 ft (20.7 m) 
Reactor Building area - see Release/Receptor No. 1
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ARCON96 CALCULATION

1. Unit 1 Reactor Vent to Emergency Control Room Air Intake (LOCA): 

Program Title: ARCON96. (Full Building Area)

U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management

June 25, 1997

NRC Contacts: J. Y. Lee 

J. J. Hayes 

L. A Brown 

Code Developer: J. V. Ramsdell

11:00 a.m.

Phone: (301) 415 1080 
e-mail: jyll~nrc.gov 
Phone: (301) 415 3167 
e-mail: jjhgnrc.gov 
Phone: (301) 415 1232 
e-mail: lab2cnrc.gov 

Phone: (509) 372 6316 
e-mail: jramsdell(pnl.gov

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 12:48:08 

******* ARCON INPUT *

Number of Meteorological Data Files = 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET

I

Height of lower wind instrument (m) = 9.7 
Height of upper wind instrument (m) = 46.4 
Wind speeds entered as miles per hour 

Ground-level release 
Release height (m) = 39.5 
Building Area (m^2) = 1744.7 
Effluent vertical velocity (m/s) = .00 
Vent or stack flow (m^3/s) - .00 
Vent or stack radius (m) - .00 

Direction .. intake to source (deg) = 304 
Wind direction sector width (deg) = 90 
Wind direction window (deg) = 259 - 349 
Distance to intake (m) = 108.7 
Intake height (m) 14.3 
Terrain elevation difference (m) = .0

Output file names 
wblocal.log 
wblocal.cfd

Developed For:

Date:
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Minimum Wind Speed (m/s) 
Surface roughness length (m) 
Sector averaging constant 

Initial value of sigma y 
Initial value of sigma z

= .10 
= 4.0 

.00 

.00

Expanded output for code testing not selected 

Total number of hours of data processed 157800 
Hours of missing data = 5984 
Hours direction in window = 20017 
Hours elevated plume wI dir. in window = 0 
Hours of calm winds = 26345 
Hours direction not in window or calm = 105454

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL 
AVER. PER. 1 2 4 

96 168 360 720 
UPPER LIM. 1.OOE-03 1.00E-03 1,OOE-03 I, 

1.00E-03 1.00E-03 1.00E-03 1.00E-03 
LOW LIM. 1.OOE-07 1.OOE-07 1.OOE-07 I 

1.00E-07 1.OOE-07 1.OOE-07 1.OOE-07 
ABOVE RANGE 0. 0. 0.  

0. 0. 0. 0.  
IN RANGE 46362. 60567. 77721.

BELOW RANGE 
39. 0.  

ZERO 
248. 59.  

TOTAL X/Qs 

% NON ZERO 
99.82 99.96

0.  
0.  

0.  

30.54 
100.00

0.  
0.  

90130.  
0.  

40.19 
100.00

0.

70907.  

52.29

95th PERCENTILE X/Q VALUES 
4.47E-04 4.16E-04 3.60E-04 

1.17E-04 1.03E-04 9.02E-05 8.30E-05

8 12 24

.OOE-03 1.OOE-03 1.OOE-03 

.OOE-07 1.OOE-07 1.OOE-07

0.

98756.  

0.  

46071.  

68.19

0.

0.  

31645.  

78-62

0.

0.  

11800.  

91.95

3.22E-04 2.64E-04 1.88E-04

95% X/Q for standard averaging intervals

0 
2 
8 
1 
4

to 
to 
to 
to 
to

2 hours 
8 hours 
24 hours 
4 days 
30 days

4.47E-04 
2.81E-04 
1.21E-04 
9.36E-05 
7.77E-05

CENTERLINE 
SECTOR-AVERAGE

HOURLY VALUE RANGE 
MAX X/Q 

6.83E-04 
4.28E-04

NORMAL PROGRAM COMPLETION

5010.65

MIN X/Q 
3.90E-05 
2.44E-05
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2. Unit 1 Reactor Vent to Normal Control Room Air Intake (LOCA): 

Program Title: ARCON96. (Pull Building Area)

U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management

Date: June 25, 1997 

NRC Contacts: J. Y. Lee 

J. J. Hayes 

L. A Brown 

Code Developer: J. V. Ramsdell

11:00 a.m.  

Phone: (301) 415 1080 
e-mail: jyllnrc.gov 
Phone: (301) 415 3167 
e-mail: jjh~nrc.gov 
Phone: (301) 415 1232 
e-mail: lab2@nrc.gov 

Phone: (509) 372 6316 
e-mail: j-ramsdellGpnl.gov

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 12:51:08 

******* ARCON INPUT

Number of Meteorological Data Files = 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 
Height of upper wind instrument (m) 
Wind speeds entered as miles per hour

Ground-level release 
Release height (m) 
Building Area (m-2) 
Effluent vertical velocity (m/s) 
Vent or stack flow (m^3/s) 
Vent or stack radius (m) 

Direction .. intake to source (deg) 
Wind direction sector width (deg) 
Wind direction window (deg) 
Distance to intake (m) 
Intake height (m) 
Terrain elevation difference (m)

1 

9.7 
46.4 

39.5 
1744.7 

.00 

.00 

.00 

346 
90 

301 - 031 
67.9 
14.3 

.0

Output file names 
wbloca2.log 
wbloca2.cfd

Minimum Wind Speed (m/s) 
Surface roughness length (m) 
Sector averaging constant

.5 

.10 
4.0

Developed For:
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Initial value of sigma y - .00 
Initial value of sigma z = .00 

Expanded output for code testing not selected 

Total number of hours of data processed 157800 
Hours of missing data = 5984 
Hours direction in window = 38963 
Hours elevated plume w/ dir. in window = 0 
Hours of calm winds = 26345 
Hours direction not in window or calm = 86508 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL
AVER. PER.  

96 168
1 

360
2 

720
4

UPPER LIM. 1.00E-02 1.OOE-02 1.OOE-02 
1.OOE-02 1.00E-02 1.00E-02 1.00E-02 

LOW LIM. 1.00E-06 1.OOE-06 1.OOE-06 
1.OOE-06 1.00E-06 1.00E-06 1.00E-06 

ABOVE RANGE 0. 0. 0.  
0. 0. 0. 0.  

IN RANGE 65308. 80388. 96381.  

BELOW RANGE 0. 0. 0.  
0. 0. 0. 0.  

ZERO 86508. 70309. 52247.  
143. 0. 0. 0.  

TOTAL X/Qs 

% NON ZERO 43.02 53.34 64.85 
99.90 100.00 100.00 100.00 

95th PERCENTILE X/Q VALUES 
1.09E-03 1.07E-03 1.04E-03 

3.90E-04 3.30E-04 2.81E-04 2.56E-04 

95% X/Q for standard averaging intervals 

0 to 2 hours 1.09E-03 
2 to 8 hours 9.50E-04 
8 to 24 hours 4.56E-04 
1 to 4 days 3.09E-04 
4 to 30 days 2.35E-04

8 12 24

1.OOE-02 1.00E-02 1.OOE-02 

1.OOE-06 1.00E-06 1.OOE-06 

0. 0. 0.  

0. 0. 0.  

32293. 21597. 7816.  

77.70 85.41 94.67 

9.85E-04 8.21E-04 6.32E-04

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

1.56E-03 
9.75E-04

5010.65

MIN X/Q 
1.39E-04 
8.72E-05
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Program Title: ARCON96. (1/2 Building Area)

Developed For: U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management

Date:

NRC Contacts:

June 25, 1997 

J. Y. Lee 

J. J. Hayes 

L. A Brown

11:00 a.m.

Phone: (301) 415 1080 
e-mail: jyll~nrc.gov 
Phone: (301) 415 3167 
e-mail: jjhgnrc.gov 
Phone: (301) 415 1232 
e-mail: lab2Gnrc.gov

Code Developer: J. V. Ramsdell Phone: (509) 372 6316 
e-mail: j ramsdellgpnl.gov

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 12:52:21 

******* ARCON INPUT *********

Number of Meteorological Data Files = 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 
Height of upper wind instrument (m) = 
Wind speeds entered as miles per hour 

Ground-level release 
Release height (m) 
Building Area (m-2) 
Effluent vertical velocity (m/s) = 
Vent or stack flow (m^3/s) 
Vent or stack radius (m)

Direction .. intake to source (deg) 
Wind direction sector width (deg) 
Wind direction window (deg) 
Distance to intake (m) 
Intake height (m) 
Terrain elevation difference (m)

=

1

9.7 
46.4 

39.5 
872.4 

.00 

.00 

.00

346 
90 

301 - 031 
67.9 
14.3 

.0

Output file names 
wbloca2a.log 
wbloca2a.cfd

Minimum Wind Speed (m/s) 
Surface roughness length (m) 
Sector averaging constant 

Initial value of sigma y 
Initial value of sigma z

.5 

.10 
4.0 

.00 

.00

5010.65
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Expanded output for code testing not selected 

Total number of hours of data processed = 157800 
Hours of missing data = 5984 
Hours direction in window = 38963 
Hours elevated plume w/ dir. in window = 0 
Hours of calm winds 26345 
Hours direction not in window or calm 86508 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL
AVER.  

96 
UPPER 

1. OOE-02 
LOW 

1.OOE-06 
ABOVE 

0.  
IN 

BELOW
0.  

143.  
TOTAL 

% NON 
99.90 

95th 

3.91E-04 

95% 

0 to 
2 to 
8 tc 
1 tc 
4 t<

PER.  
168

1 
360 2 

720
4

LIM. 1.00E-02 1.00E-02 1.OOE-02 
1.00E-02 1.OOE-02 1.00E-02 

LIM. 1.OOE-06 1.00E-06 1.00E-06 
1.00E-06 1.OOE-06 1.OOE-06 

RANGE 0. 0. 0.  
0. 0. 0.  

RANGE 65308. 80388. 96381.  

RANGE 0. 0. 0.  
0. 0. 0.  

ZERO 86508. 70309. 52247.  
0. 0. 0.  

X/Qs 

ZERO 43.02 53.34 64.85 
100.00 100.00 100.00 

PERCENTILE X/Q VALUES 
1.09E-03 1.07E-03 1.05E-03 

3.31E-04 2.83E-04 2.57E-04 

X/Q for standard averaging intervals 

2 hours 1.09E-03 
8 hours 9.59E-04 
24 hours 4.60E-04 
4 days 3.09E-04 
30 days 2.37E-04

a

1.00E-02 

1. OOE-06 

0.  

0.  

32293.  

77.70

12

1. OOE-02 

1. OOE-06 

0.  

0.  

21597.  

85.41

24 

1. 00E-02 

1. 0OE-06 

0.  

0.  

7816.  

94.67

9.91E-04 8.27E-04 6.37E-04

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

1.57E-03 
9.85E-04

MIN X/Q 
1. 41E-04 
8. 81E-OS
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Program Title: ARCON96. (114 Building Area)

Developed For:

Date:

U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management

June 25, 1997 11:00 a.m.

NRC Contacts: J. Y. Lee 

J. J. Hayes 

L. A Brown 

Code Developer: J. V. Ramsdell

Phone: 
e-mail: 
Phone: 
e-mail: 
Phone: 
e-mail:

(301) 415 1080 
jyllnrc.gov 

(301) 415 3167 
jjh~nrc.gov 

(301) 415 1232 
lab2Onrc.gov

Phone: (509) 372 6316 
e-mail: jramsdell@pnl.gov

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 12:53:34 

******* ARCON INPUT *

Number of Meteorological Data Files = 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 
Height of upper wind instrument (m) = 
Wind speeds entered as miles per hour 

Ground-level release 
Release height (m) 
Building Area (m^2) 
Effluent vertical velocity (m/s) = 
Vent or stack flow (m^3/s) 
Vent or stack radius (m)

Direction .. intake to source (deg) 
Wind direction sector width (deg) 
Wind direction window (deg) 
Distance to intake (m) 
Intake height (m) 
Terrain elevation difference (m)

1

9.7 
46.4 

39.5 
436.2 

.00 

.00 

.00

346 
90 

301 - 031 
67.9 
14.3 

.0

Output file names 
wbloca2b.log 
wbloca2b.cfd

Minimum Wind Speed (m/s) 
Surface roughness length (m) 
Sector averaging constant 

Initial value of sigma y 
Initial value of sigma z

.5 

.10 
4.0 

.00 

.00

I
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Expanded output for code testing not selected 

Total number of hours of data processed = 157800 
Hours of missing data 5984 
Hours direction in window = 38963 
Hours elevated plume w/ dir. in window = a 
Hours of calm winds = 26345 
Hours direction not in window or calm = 86508 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL
AVER. PER.  

96 168
1 

360
2 

720
4

UPPER LIM. 1.00E-02 1.00E-02 1.00E-02 
1.OOE-02 1.00E-02 1.00E-02 1.OOE-02 

LOW LIM. 1.OOE-06 1.00E-06 1.OOE-06 
i.OOE-06 1.00E-06 i.OOE-06 1.00E-06 

ABOVE RANGE 0. 0. 0.  
0. 0. 0. 0.  

IN RANGE 65308. 80388. 96381.  

BELOW RANGE 0. 0. 0.  
0. 0. 0. 0.  

ZERO 86508. 70309. 52247.  
143. 0. 0. 0.  

TOTAL X/Qs ****** 

% NON ZERO 43.02 53.34 64.85 
99.90 100.00 100.00 100.00 

95th PERCENTILE X/Q VALUES 
1.09E-03 1.08E-03 1.06E-03 

3.93E-04 3.34E-04 2.85E-04 2.59E-04 

95% X/Q for standard averaging intervals 

0 to 2 hours 1.09E-03 
2 to 8 hours 9.72E-04 
8 to 24 hours 4.65E-04 
1 to 4 days 3.10E-04 
4 to 30 days 2.39E-04

8

1. 00E-02 

1.OOE-06 

0.  

0.  

32293.  

77.70

12

1. OOE-02 

1. OOE-06 

0.  

0.  

21597.  

85.41

24 

1. 00E-02 

1. OOE-06 

0.  

0.  

7816.  

94.67

1.00E-03 8.37E-04 6.44E-04

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

1.59E-03 
9.98E-04

MIN X/Q 
1. 42E-04 
8. 92E-05
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13090.0100 WM(B) 001 0 17 OF 68 

Program Title: ARCON96. (1/8 Building Area)

U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management

June 25, 1997

NRC Contacts: J. Y. Lee 

J. J. Hayes 

L. A Brown 

Code Developer: J. V. Ramsdell

11:00 a.m.

Phone: (301) 415 1080 
e-mail: jyll3nrc.gov 
Phone: (301) 415 3167 
e-mail: jjhgnrc.gov 
Phone: (301) 415 1232 
e-mail: lab2@nrc.gov 

Phone: (509) 372 6316 
e-mail: J_ramsdellIpnl.gov

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 12:54:31 

******* ARCON INPUT

Number of Meteorological Data Files = 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 
Height of upper wind instrument (m) = 
Wind speeds entered as miles per hour

Ground-level release 
Release height (m) 
Building Area (m^2) 
Effluent vertical velocity (mis) 
Vent or stack flow (m^3/s) 
Vent or stack radius (m) 

Direction .. intake to source (deg) 
Wind direction sector width (deg) 
Wind direction window (deg) 
Distance to intake (m) 
Intake height (m) 
Terrain elevation difference (m)

= 

=

I

9.7 
46.4 

39.5 
218.1 

.00 

.00 

.00

346 
90 

301 - 031 
67.9 
14.3 

.0

Output file names 
wbloca2c.log 
wbloca2c.cfd

=Minimum Wind Speed (m/s) 
Surface roughness length (m) 
Sector averaging constant 

Initial value of sigma y 
Initial value of sigma z

.5 

.10 
4.0

.00 

.00

Developed For:

Date:
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CALCULATION IDENTIFICATION NUMBER 
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Expanded output for code testing not selected 

Total number of hours of data processed = 157800 
Hours of missing data = 5984 
Hours direction in window = 38963 
Hours elevated plume w/ dir. in window = 0 
Hours of calm winds = 26345 
Hours direction not in window or calm = 86508 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL
AVER. PER.  

96 168
1 

360 720
2 4

UPPER LIM. 1.002-02 1.00E-02 1.00E-02 
1.00E-02 1.00E-02 1.00E-02 1.OOE-02 

LOW LIM. 1.00E-06 1.OOE-06 1.00E-06 
1.00E-06 1.00E-06 1.OOE-06 1.OOE-06 

ABOVE RANGE 0. 0. 0.  
0. 0. 0. 0.  

IN RANGE 65308. 80388. 96381.  

BELOW RANGE 0. 0. 0.  
0. 0. 0. 0.  

ZERO 86508. 70309. 52247.  
143. 0. 0. 0.  

TOTAL X/Qs 

%NON ZERO 43.02 S3.34 64.85 
99.90 100.00 100.00 100.00 

95th PERCENTILE X/Q VALUES 
1.12E-03 1.08E-03 1.06E-03 

3.96E-04 3.38E-04 2.87E-04 2.62E-04 

95% X/Q for standard averaging intervals 

0 to 2 hours 1.12E-03 
2 to 8 hours 9.78E-04 
8 to 24 hours 4.73E-04 
1 to 4 days 3.10E-04 
4 to 30 days 2.41E-04

8

1. OOE-02 

1.00E-06 

0.  

0.  

32293.  

77.70

12

1. 00E-02 

1.00E-06 

0.  

0.  

21597.  

85.41

24 

1. OOE-02 

1. OOE-06 

0.  

0.  

7816.  

94.67

1.01E-03 8.48E-04 6.53E-04

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX XIQ 

1.62E-03 
1.02E-03

MIN X/Q 
1.45E-04 
9. 07E-05
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Program Title: ARCON96. (No Building Area)

U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management

June 25, 1997

NRC Contacts: J. Y. Lee 

J. J. Hayes 

L. A Brown 

Code Developer: J. V. Ramsdell

11:00 a.m.

Phone: (301) 415 1080 
e-mail: jyll@nrc.gov 
Phone: (301) 415 3167 
e-mail: jjh@nrc.gov 
Phone: (301) 415 1232 
e-mail: lab2gnrc.gov 

Phone: (509) 372 6316 
e-mail: jramsdell(pnl.gov

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 12:55:32 

******* ARCON INPUT *

Number of Meteorological Data Files = 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 
Height of upper wind instrument Wm) 
Wind speeds entered as miles per hour 

Ground-level release 
Release height (m) 
Building Area (m^2) 
Effluent vertical velocity (m/s) = 
Vent or stack flow (m^3/s) 
Vent or stack radius (m) 

Direction .. intake to source (deg) = 
Wind direction sector width (deg) = 
Wind direction window (deg) 
Distance to intake (m) 
Intake height (m) 
Terrain elevation difference (m) =

1

9.7 
46.4 

39.5 
.0 
.00 
.00 
.00

346 
90 

301 - 031 
67.9 
14.3 

.0

Output file names 
wbloca2d.log 
wbloca2d.cfd

Minimum Wind Speed (m/s) 
Surface roughness length (m) 
Sector averaging constant 

Initial value of sigma y 
Initial value of sigma z

.5 

.10 
4.0

.00 

.00

5010.65

Developed For:

Date:

Z
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CALCULATION IDENTIFICATION NUMBER 
JOB ORDER NO. DISCIPLINE CALCULATION NO. REVISION NUMBER I PAGE 

13090.0100 WM(B) 001 0 20 0F 68 

Expanded output for code testing not selected

Total 
Hours 
Hours 
Hours 
Hours 
Hours

number of hours of data processed = 157800 
of missing data - 5984 
direction in window 38963 
elevated plume w/ dir. in window 0 
of calm winds = 26345 
direction not in window or calm = 86508

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL 
AVER. PER. 1 2 4 

96 168 360 720 
UPPER LIM. 1.OOE-02 1.00E-02 1.00E-02 1 

1.00E-02 1.OOE-02 1.OOE-02 1.00E-02 
LOW LIM. 1.OOE-06 1.00E-06 1.00E-06 1 

1.OOE-06 1.OOE-06 1.00E-06 1.00E-06 
ABOVE RANGE 0. 0. 0.  

0. 0. 0. 0.  
IN RANGE 65308. 80388. 96381.

0.

143.

BELOW RANGE 
0.  

ZERO
0.

TOTAL XIQs 

% NON ZERO 
99.90 100.00

0.  
0.  

86508.  
0.  

43.02 
100.00

0.  
0.  

70309.  
0.  

53.34 
100.00

0.

52247.  

64.85

95th PERCENTILE X/Q VALUES 
1.29E-03 1.27E-03 1.25E-03 

4.43E-04 3.76E-04 3.16E-04 2.88E-04 

95% X/Q for standard averaging intervals

0 
2 
8 
1 
4

to 
to 
to 
to 
to

2 hours 
8 hours 
24 hours 
4 days 
30 days

8 12 24

.00E-02 1.00E-02 1.OOE-02 

.00E-06 1.00E-06 1.OOE-06

0.  

0.

32293.  

77.70

0.

0.  

21597.  

85.41

0.

0.  

7816.  

94.67

1.19E-03 9.95E-04 7.66E-04

1.29E-03 
1. 16E- 03 
5.55E-04 
3.35E-04 
2. 64E-04

CENTERLINE 
SECTOR-AVERAGE

HOURLY VALUE RANGE 
MAX X/Q 

2.37E-03 
1.49E-03

NORMAL PROGRAM COMPLETION

MIN X/Q 
1.76E-04 
1.10E-04
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3. Unit 2 Reactor Vent to Emergency Control Room Air Intake (LOCA): 

Program Title: ARCON96. (Full Building Area) 

Developed For: U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management 

Date: June 25, 1997 11:00 a.m.  

NRC Contacts: J. Y. Lee Phone: (301) 415 1080 
e-mail: jyll@nrc.gov 

J. J. Hayes Phone: (301) 415 3167 
e-mail: jjhgnrc.gov 

L. A Brown Phone: (301) 415 1232 
e-mail: lab2@nrc.gov 

Code Developer: J. V. Ramsdell Phone: (509) 372 6316 
e-mail: jramsdell~pnl.gov 

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 12:56:49 

******* ARCON INPUT * 

Number of Meteorological Data Files = 1 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 9.7 
Height of upper wind instrument (m) = 46.4 
Wind speeds entered as miles per hour 

Ground-level release 
Release height (m) = 39.5 
Building Area (m^2) = 1744.7 
Effluent vertical velocity (m/s) = .00 
Vent or stack flow (m^3/s) .00 
Vent or stack radius (m) - .00 

Direction .. intake to source (deg) = 008 
Wind direction sector width (deg) = 90 
Wind direction window (deg) = 323 - 053 
Distance to intake (m) = 79.6 
Intake height (m) = 14.3 
Terrain elevation difference (m) .0 

Output file names 
wbloca3.log 
wbloca3.cfd 

Minimum Wind Speed (m/s) .5 
Surface roughness length (m) = .10 
Sector averaging constant - 4.0
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Initial value of sigma y .00 
Initial value of sigma z .00 

Expanded output for code testing not selected 

Total number of hours of data processed = 157800 
Hours of missing data = 5984 
Hours direction in window = 46613 
Hours elevated plume w/ dir. in window 0 
Hours of calm winds = 26345 
Hours direction not in window or calm 78858 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL
AVER. PER.  

96 168
1 

360 720
2 4

UPPER LIM. 1.00E-02 1.00E-02 1.00E-02 
1.00E-02 1.OOE-02 1.OOE-02 1.-OE-02 

LOW LIM. 1.00E-06 1.OOE-06 1.00E-06 
1.00E-06 1.OOE-06 1.00E-06 1.00E-06 

ABOVE RANGE 0. 0. 0.  
0. 0. 0. 0.  

IN RANGE 72958. 85670. 98394.  

BELOW RANGE 0. 0. 0.  
0. 0. 0. 0.  

ZERO 78858. 65027. 50234.  
171. 0. 0. 0.  

TOTAL X/Qs 

% NON ZERO 48.06 56.85 66.20 
99.88 100.00 100.00 100.00 

95th PERCENTILE X/Q VALUES 
8.28E-04 8.22E-04 8.11E-04 

3.54E-04 2.99E-04 2.58E-04 2.35E-04 

95% X/Q for standard averaging intervals 

0 to 2 hours 8.28E-04 
2 to 8 hours 7.69E-04 
8 to 24 hours 3.90E-04 
1 to 4 days 2.98E-04 
4 to 30 days 2.17E-04

8

1.00E-02 

1.00E-06 

0.  

0.  

32980.  

77.23

12

1.00E-02 

1. 00E-06 

0.  

0.  

23298.  

84.26

24 

1. OOE-02 

1. OOE-06 

0.  

0.  

9314.  

93.64

7.842-04 6.64E-04 5.21E-04

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

1.19E-03 
7.43E-04

MIN X/Q 
1.07E-04 
6.70E-05
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Program Title: ARCON96. (1/2 Building Area)

Developed For: U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management

Date:

NRC Contacts:

June 25, 1997 

J. Y. Lee 

J. J. Hayes 

L. A Brown

11:00 a.m.

Phone: 
e-mail: 
Phone: 
e-mail: 
Phone: 
e-mail:

(301) 415 1080 
jyll~nrc.gov 

(301) 415 3167 
Jjh;nrc.gov 

(301) 415 1232 
lab2gnrc.gov

Code Developer: J. V. Ramsdell Phone: (509) 372 6316 
e-mail: jramsdellgpnl.gov

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 12:57:50 

******* ARCON INPUT *

Number of Meteorological Data Files = 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 
Height of upper wind instrument (m) = 
Wind speeds entered as miles per hour

Ground-level release 
Release height (m) 
Building Area (m^2) 
Effluent vertical velocity (m/s) 
Vent or stack flow (m^3/s) 
Vent or stack radius (m) 

Direction .. intake to source (deg) 
Wind direction sector width (deg) 
Wind direction window (deg) 
Distance to intake (m) 
Intake height (m) 
Terrain elevation difference (m) 

Output file names 
wbloca3a.log 
wbloca3a.cfd 

Minimum Wind Speed (m/s) 
Surface roughness length (m) 
Sector averaging constant

Initial value of sigma y 
Initial value of sigma z

=

1

9.7 
46.4 

39.5 
872.0 

.00 

.00 

.00

= 008 
- 90 
= 323 - 053 
= 79.6 

14.3 
= .0

=
.5 
.10 

4.0

.00 
.00
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Expanded output for code testing not selected 

Total number of hours of data processed = 157800 
Hours of missing data = 5984 
Hours direction in window = 46613 
Hours elevated plume w/ dir. in window 0 
Hours of calm winds = 26345 
Hours direction not in window or calm 78858 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL 
AVER. PER. 1 2 4

96 
UPPER 

1. OOE-02 
LOW 

1. 00E-06 
ABOVE 

0.  
IN 

BELOW
0.  

171.  
TOTAL 

% NON 
99.88 

95th 

3.55E-04 

95% 

0 to 
2 to 
8 tc 
1 tc 
4 tc

168 360 720 
LIM. 1.00E-02 1.00E-02 1.00E-02 

1.00E-02 1.00E-02 1.OOE-02 
LIM. 1.00E-06 1.OOE-06 1.OOE-06 

1.OOE-06 1.00E-06 1.00E-06 
RANGE 0. 0. 0.  

0. 0. 0.  
RANGE 72958. 85670. 98394.  

RANGE 0. 0. 0.  
0. 0. 0.  

ZERO 78858. 65027. 50234.  
0. 0. 0.  

X/Qs ****** 

ZERO 48.06 56.85 66.20 
100.00 100.00 100.00 

PERCENTILE X/Q VALUES 
8.28E-04 8.23E-04 8.13E-04 

3.OOE-04 2.59E-04 2.36E-04 

X/Q for standard averaging intervals 

2 hours 8.28E-04 
8 hours 7.75E-04 
24 hours 3.94E-04 
4 days 2.99E-04 
30 days 2.18E-04

8

1.00E-02 

1.00E-06 

0.  

0.  

32980.  

77.23

12

1. OOE-02 

1. OOE-06 

0.  

0.  

23298.  

84.26

24 

1.OOE-02 

1.00E-06 

0.  

0.  

9314.  

93.64

7.88E-04 6.69E-04 5.25E-04

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

1.20E-03 
7.51E-04

MIN X/Q 
1. 08E-04 
6.77E-05
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Program Title: ARCON96. (1/4 Building Area) 

Developed For: U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management 

Date: June 25, 1997 11:00 a.m.  

NRC Contacts: J. Y. Lee Phone: (301) 415 1080 
e-mail: jyllgnrc.gov 

J. J. Hayes Phone: (301) 415 3167 
e-mail: jjhgnrc.gov 

L. A Brown Phone: (301) 415 1232 
e-mail: lab28nrc.gov 

Code Developer: J. V. Ramsdell Phone: (509) 372 6316 
e-mail: Jramsdellapnl.gov 

bode Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 12:59:02 

******* ARCON INPUT * 

Number of Meteorological Data Files = 1 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 9.7 
Height of upper wind instrument (m) = 46.4 
Wind speeds entered as miles per hour 

Ground-level release 
Release height (m) = 39.5 
Building Area (m^2) 436.2 
Effluent vertical velocity (m/s) = .00 
Vent or stack flow (m^3/s) - .00 
Vent or stack radius (m) = .00 

Direction .. intake to source (deg) = 008 
Wind direction sector width (deg) = 90 
Wind direction window (deg) 323 - 053 
Distance to intake (m) = 79.6 
Intake height (m) = 14.3 
Terrain elevation difference (m) = .0 

output file names 
wbloca3b.log 
wbloca3b.cfd 

Minimum Wind Speed (m/s) = .5 
Surface roughness length (m) - .10 

Sector averaging constant = 4.0 

Initial value of sigma y .00 
Initial value of sigma z .00
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Expanded output for code testing not selected 

Total number of hours of data processed 157800 
Hours of missing data = 5984 
Hours direction in window = 46613 
Hours elevated plume w/ dir. in window = 0 
Hours of calm winds = 26345 
Hours direction not in window or calmr 78858 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL 
AVER. PER. 1 2 4 

96 168 360 720 
UPPER LIM. 1.00E-02 1.OOE-02 1.00E-02 1.  

1.OOE-02 1.00E-02 1.OOE-02 1.00E-02 
LOW LIM. 1.OOE-06 1.OOE-06 1.OOE-06 1.  

1.OOE-06 1.00E-06 1.OOE-06 1.OOE-06 
ABOVE RANGE 0. 0. 0.  

0. 0. 0. 0.  
IN RANGE 72958. 85670. 98394.  

BELOW RANGE 0. 0. 0.  
0. 0. 0. 0.  

ZERO 78858. 65027. 50234.  
171. 0. 0. 0.  

TOTAL X/Qs 

% NON ZERO 48.06 56.85 66.20 
99.88 100.00 100.00 100.00 

95th PERCENTILE X/Q VALUES 
8.63E-04 8.30E-04 8.18E-04 7.  

3.57E-04 3.02E-04 2.60E-04 2.37E-04 

95% X/Q for standard averaging intervals 

0 to 2 hours 8.63E-04 
2 to 8 hours 7.69E-04 
8 to 24 hours 4.01E-04 
1 to 4 days 2.99E-04 
4 to 30 days 2.19E-04

8 12 24

00E-02 1.OOE-02 1.OOE-02 

OOE-06 1.OOE-06 1.00E-06 

0. 0. 0.  

0. 0. 0.  

32980. 23298. 9314.  

77.23 84.26 93.64 

93E-04 6.75E-04 5.32E-04

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

1.22E-03 
7.63E-04

5010.65

MIN X/Q 
1. IOE-04 
6. 87E-05
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Program Title: ARCON96. (1/8 Building Area) 

Developed For: U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management 

Date; June 25, 1997 11:00 a.m.  

NRC Contacts: J. Y. Lee Phone: (301) 415 1080 
e-mail: jyllnrc.gov 

J. J. Hayes Phone: (301) 415 3167 
e-mail: jjh~nrc.gov 

L. A Brown Phone: (301) 415 1232 
e-mail: lab2@nrc.gov 

Code Developer: J. V. Ramsdell Phone: (509) 372 6316 
e-mail: J-ramsdellgpnl.gov 

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 12:59:52 

******* ARCON INPUT ********* 

Number of Meteorological Data Files = 1 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 9.7 
Height of upper wind instrument (m) = 46.4 
Wind speeds entered as miles per hour 

Ground-level release 
Release height (m) = 39.5 
Building Area (m^2) = 218.1 
Effluent vertical velocity (m/s) .00 
Vent or stack flow (m^3/s) = .00 
Vent or stack radius (m) - .00 

Direction .. intake to source (deg) = 008 
Wind direction sector width (deg) = 90 
Wind direction window (deg) = 323 - 053 
Distance to intake (m) = 79.6 
Intake height (m) = 14.3 
Terrain elevation difference (m) .0 

Output file names 
wbloca3c.log 
wbloca3c.cfd 

Minimum Wind Speed (mis) = .5 
Surface roughness length (m) = .10 

Sector averaging constant = 4.0 

Initial value of sigma y = .00 
Initial value of sigma z = .00
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Expanded output for code testing not selected 

Total number of hours of data processed = 157800 
Hours of missing data - 5984 
Hours direction in window = 46613 
Hours elevated plume w/ dir. in window = 0 
Hours of calm winds 26345 
Hours direction not in window or calm = 78858 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL
AVER. PER. 1 2 4

96 168 360 720 
UPPER LIM. 1.00E-02 1.OOE-02 1.OOE-02 

1.OOE-02 1.OOE-02 1.OOE-02 1.OOE-02 
LOW LIM. 1.OOE-06 1.OOE-06 1.00E-06 

1.00E-06 1.OOE-06 1.OOE-06 1.00E-06 
ABOVE RANGE 0. 0. 0.  

0. 0. 0. 0.  
IN RANGE 72958. 85670. 98394.  

BELOW RANGE 0. 0. 0.  
0. 0. 0. 0.  

ZERO 78858. 65027. 50234.  
171. 0. 0. 0.  

TOTAL X/Qs ***W** 

% NON ZERO 48.06 56.85 66.20 
99.88 100.00 100.00 100.00 

95th PERCENTILE X/Q VALUES 
8.85E-04 8.60E-04 8.29E-04 

3.60E-04 3.04E-04 2.62E-04 2.39E-04 

95% XIQ for standard averaging intervals 

0 to 2 hours 8.85E-04 
2 to 8 hours 7.73E-04 
8 to 24 hours 4.09E-04 
1 to 4 days 3.OOE-04 
4 to 30 days 2.21E-04

8

1. OOE-02 

1. OOE-06 

0.  

0.  

32980.  

77.23

12

1. OOE-02 

1. OE- 06 

0.  

0.  

23298.  

84.26

24 

1. OOE-02 

1. OE-06 

0.  

0.  

9314.  

93.64

8.01E-04 6.83E-04 5.39E-04

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

1.24E-03 
7.78E-04

MIN X/Q 
1. 12E-04 
7. OIE-05
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Program Title: ARCON96. (No Building Aroa)

Developed For:

Date:

U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management

June 25, 1997 11:00 a.m.

NRC Contacts: J. Y. Lee 

J. J. Hayes 

L. A Brown 

Code Developer: J. V. Ramsdell

Phone: (301) 415 1080 
e-mail: jyll@nrc.gov 
Phone: (301) 415 3167 
e-mail: jjh~nrc.gov 
Phone: (301) 415 1232 
e-mail: lab2@nrc.gov 

Phone: (509) 372 6316 
e-mail: jramsdell@pnl.gov

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 13:00:36 

******* ARCON INPUT *******

Number of Meteorological Data Files 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 
Height of upper wind instrument (m) = 
Wind speeds entered as miles per hour 

Ground-level release 
Release height (m) 
Building Area (m^2) 
Effluent vertical velocity (m/s) = 
Vent or stack flow (m^3/s) 
Vent or stack radius (m) 

Direction .. intake to source (deg) 
Wind direction sector width (deg) 
Wind direction window (deg) 
Distance to intake (m) 
Intake height (m) 
Terrain elevation difference (m) =

1

9.7 
46.4 

39.5 
.0 
.00 
.00 
.00

008 
90 

323 - 053 
79.6 
14.3 

.0

Output file names 
wbloca3d.log 
wbloca3d.cfd

Minimum Wind Speed (m/s) 
Surface roughness length (m) 
Sector averaging constant 

Initial value of sigma y 
Initial value of sigma z

.5 

.10 
4.0

.00 

.00
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Expanded output for code testing not selected 

Total number of hours of data processed = 157800 
Hours of missing data 5984 
Hours direction in window = 46613 
Hours elevated plume w/ dir. in window = 0 
Hours of calm winds = 26345 
Hours direction not in window or calm = 78858 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL
AVER. PER. 1 2 4 

96 168 360 720 
UPPER LIM. 1.00E-02 1.00E-02 1.OOE-02 

1.OOE-02 1.00E-02 1.OOE-02 1.00E-02 
LOW LIM. 1.OOE-06 1.00E-06 1.OOE-06 

1.00E-06 1.00E-06 1.OOE-06 1.00E-06 
ABOVE RANGE 0. 0. 0.  

0. 0. 0. 0.  
IN RANGE 72958. 85670. 98394.  

BELOW RANGE 0. 0. 0.  
0. 0. 0. 0.  

ZERO 78858. 65027. 50234.  
171. 0. 0. 0.  

TOTAL X/Qs 

% NON ZERO 48.06 56.85 66.20 
99.88 100.00 100.00 100.00 

95th PERCENTILE X/Q VALUES 
9.78E-04 9.72E-04 9.59E-04 

3.97E-04 3.34E-04 2.82E-04 2.58E-04 

95% X/Q for standard averaging intervals 

0 to 2 hours 9.78E-04 
2 to 8 hours 9.08E-04 
8 to 24 hours 4.71E-04 
1 to 4 days 3.21E-04 
4 to 30 days 2.36E-04

8 12 24

1.OOE-02 1.00E-02 1.OOE-02 

1.OOE-06 1.00E-06 1.00E-06 

0. 0. 0.  

0. 0. 0.  

32980. 23298. 9314.  

77.23 84.26 93.64 

9.26E-04 7.82E-04 6.23E-04

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

1.82E-03 
1.14E-03

MIN X/Q 
1.35E-04 
8.46E-05
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4. Unit 2 Reactor Vent to Normal Control Room Air Intake (LOCA): 

Program Title: ARCON96. (Pull Building Area) 

Developed For: U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management 

Date: June 25, 1997 11:00 a.m.  

NRC Contacts: J. Y. Lee Phone: (301) 415 1080 
e-mail: jyll@nrc.gov 

J. J. Hayes Phone: (301) 415 3167 
e-mail: jjh@nrc.gov 

L. A Brown Phone: (301) 415 1232 
e-mail: lab2gnrc.gov 

Code Developer: J. V. Ramsdell Phone: (509) 372 6316 

e-mail: jramsdellpnl.gov 

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 13:01:33 

******* ARCON INPUT * 

Number of Meteorological Data Files = 1 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 9.7 
Height of upper wind instrument (m) = 46.4 
Wind speeds entered as miles per hour 

Ground-level release 
Release height (m) - 39.5 
Building Area (m^2) 1744.7 
Effluent vertical velocity (m/s) .00 
Vent or stack flow (m^3/s) = .00 
Vent or stack radius (m) = .00 

Direction .. intake to source (deg) = 046 
Wind direction sector width (deg) 90 
Wind direction window (deg) 001 - 091 
Distance to intake (m) = 119.3 
Intake height (m) = 14.3 
Terrain elevation difference (m) = .0 

Output file names 
wbloca4.log 
wbloca4.cfd 

Minimum Wind Speed (m/s) - .5 
Surface roughness length (m) = .10 
Sector averaging constant - 4.0
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Initial value of sigma y .00 
Initial value of sigma z .00 

Expanded output for code testing not selected 

Total number of hours of data processed = 157800 
Hours of missing data 5 S984 
Hours direction in window = 43947 
Hours elevated plume w/ dir. in window = 0 
Hours of calm winds 26345 
Hours direction not in window or calm = 81524 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL 
AVER. PER. 1 2 4 

96 168 360 720 
UPPER LIM. 1.00E-03 1.OOE-03 1.OOE-03 1.  

1.OOE-03 1.OOE-03 1.00E-03 1.OOE-03 
LOW LIM. 1.00E-07 1.00E-07 1.00E-07 1.  

1.OOE-07 1.OOE-07 1.OOE-07 1.OOE-07 
ABOVE RANGE 0. 0. 0.  

0. 0. 0. 0.  
IN RANGE 70292. 81917. 93833.  

BELOW RANGE 0. 0. 0.  
0. 0. 0. 0.  

ZERO 81524. 68780. 54795.  
309. 0. 0. 0.  

TOTAL X/Qs 

% NON ZERO 46.30 54.36 63.13 
99.78 100.00 100.00 100.00 

95th PERCENTILE X/Q VALUES 
4.13E-04 3.98E-04 3.86E-04 3.  

1.70E-04 1.43E-04 1.24E-04 1.12E-04 

95% X/Q for standard averaging intervals 

0 to 2 hours 4.13E-04 
2 to 8 hours 3.54E-04 
8 to 24 hours 1.90E-04 
I to 4 days 1.43E-04 
4 to 30 days 1.03E-04

8

OOE-03 

0CE-07 

0.  

0.  

37791.  

73.91

12

1. 00E-03 

1. OOE-07 

0.  

0.  

28161.  

80.97

24 

1. OOE-03 

1. OOE-07 

0.  

0.  

12884.  

91.21

69E-04 3.13E-04 2.49E-04

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

5.78E-04 
3.62E-04

MIN X/Q 
7 . 39E-05 
4. 63E-05
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5. Unit 1 Exhaust Stacks to Emergency Control Room Air Intake (SGTR): 

Program Title: ARCON96. (Full Building Area) 

Developed For: U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management 

Date: June 25, 1997 11:00 a.m.  

NRC Contacts: J. Y. Lee Phone: (301) 415 1080 
e-mail: jyll3nrc.gov 

J. J. Hayes Phone: (301) 415 3167 
e-mail: jjh@nrc.gov 

L. A Brown Phone: (301) 415 1232 
e-mail: lab2@nrc.gov 

Code Developer: J. V. Ramsdell Phone: (509) 372 6316 
e-mail: j-ramsdellcpnl.gov 

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 13:07:55 

******* ARCON INPUT ******** 

Numiber of Meteorological Data Files = 1 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 9.7 
Height of upper wind instrument (m) = 46.4 
Wind speeds entered as miles per hour 

Ground-level release 
Release height (m) = 20.7 
Building Area (m^2) = 1744.7 
Effluent vertical velocity (m/s) = .00 
Vent or stack flow (m^3/s) = .00 
Vent or stack radius (m) - .00 

Direction .. intake to source (deg) = 292 
Wind direction sector width (deg) = 90 
Wind direction window (deg) = 247 - 337 
Distance to intake (m) - 81.1 
Intake height (m) - 14.3 
Terrain elevation difference (m) = .0 

output file names 
wbsgtrl.log 
wbsgtrl.cfd 

Minimum Wind Speed (m/s) = .5 
Surface roughness length Jm) - .10 

Sector averaging constant - 4.0
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Initial value of sigma y .00 
Initial value of sigma z .00 

Expanded output for code testing not selected 

Total number of hours of data processed = 157800 
Hours of missing data - 5984 
Hours direction in window 29263 
Hours elevated plume w/ dir. in window = 0 
Hours of calm winds = 23387 
Hours direction not in window or calm = 99166 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL
1 

360
2 

720
4AVER. PER.  

96 168
UPPER LIM. 1.OOE-02 1.OOE-02 1.OOE-02 

1.OOE-02 1.OOE-02 1.OOE-02 1.OOE-02 
LOW LIM. 1.OOE-06 1.OOE-06 1.OOE-06 

1.00E-06 1.OOE-06 1.OOE-06 1.OOE-06 
ABOVE RANGE 0. 0. 0.  

0. 0. 0. 0.  
IN RANGE 52650. 68022. 85388.  

BELOW RANGE 0. 0. 0.  
0. 0. 0. 0.  

ZERO 99166. 82675. 63240.  
15. 0. 0. 0.  

TOTAL X/Qs ****** ***** 

% NON ZERO 34.68 45.14 57.45 
99.99 100.00 100.00 100.00 

95th PERCENTILE X/Q VALUES 
7.96E-04 7.16E-04 6.19E-04 

2.16E-04 1.90E-04 1.67E-04 1.54E-04 

95% X/Q for standard averaging intervals 

0 to 2 hours 7.96E-04 
2 to 8 hours 4.68E-04 
8 to 24 hours 2.23E-04 
1 to 4 days 1.78E-04 
4 to 30 days 1.44E-04

8

1.OOE-02 

1. OOE-06 

0.  

0.  

38800.  

73.21

12

1. 00E-02 

1. OOE-06 

0.  

0.  

24935.  

83.15

24 

1.00E-02 

1.00E-06 

0.  

0.  

8175.  

94.42

5.50E-04 4.54E-04 3.32E-04

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

1.24E-03 
7.79E-04

MIN X/Q 
1. 03E-04 
6. 48E-05
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Program Title: ARCON96. (1/2 Building Area) 

Developed For: U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management 

Date: June 25, 1997 11:00 a.m.  

NRC Contacts: J. Y. Lee Phone: (301) 415 1080 
e-mail: jyll@nrc.gov 

J. J. Hayes Phone: (301) 415 3167 
e-mail: jjhwnrc.gov 

L. A Brown Phone: (301) 415 1232 
e-mail: lab2anrc.gov 

Code Developer: J. V. Ramsdell Phone: (509) 372 6316 

e-mail: j ramsdell@pnl.gov 

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 13:08:47 

******* ARCON INPUT * 

Number of Meteorological Data Files = 1 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 9.7 
Height of upper wind instrument (m) = 46.4 
Wind speeds entered as miles per hour 

Ground-level release 
Release height (m) = 20.7 
Building Area (m-2) 872.4 
Effluent vertical velocity (m/s) = .00 
Vent or stack flow (m^3/s) = .00 
Vent or stack radius (m) - .00 

Direction .. intake to source (deg) = 292 
Wind direction sector width (deg) = 90 
Wind direction window (deg) = 247 - 337 
Distance to intake (m) = 81.1 
Intake height (m) 14.3 
Terrain elevation difference (m) = .0 

Output file names 
wbsgtrla.log 
wbsgtrla.cfd 

Minimum Wind Speed (m/s) = .5 
Surface roughness length (m) - .10 

Sector averaging constant = 4.0 

Initial value of sigma y = .00 
tnitial value of signma z .00
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Expanded output for code testing not selected 

Total number of hours of data processed = 157800 
Hours of missing data = 5984 
Hours direction in window 29263 
Hours elevated plume w/ dir. in window = 0 
Hours of calm winds = 23387 
Hours direction not in window or calm = 99166 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL
AVER. PER. 1 2 4

96 168 360 720 
UPPER LIM. 1.00E-02 1.00E-02 1.OOE-02 

1.00E-02 1.00E-02 1.00E-02 1.00E-02 
LOW LIM. 1.00E-06 1.00E-06 1.OOE-06 

1.OOE-06 1.00E-06 1.00E-06 1.OOE-06 
ABOVE RANGE 0. 0. 0.  

0. 0. 0. 0.  
IN RANGE 52650. 68022. 85388.  

BELOW RANGE 0. 0. 0.  
0. 0. 0. 0.  

ZERO 99166. 82675. 63240.  
15. 0. 0. 0.  

TOTAL X/Qs 

% NON ZERO 34.68 45.14 57.45 
99.99 100.00 100.00 100.00 

95th PERCENTILE X/Q VALUES 
8.01E-04 7.20E-04 6.23E-04 

2.17E-04 1.91E-04 1.68E-04 1.54E-04 

95% X/Q for standard averaging intervals 

0 to 2 hours 8.01E-04 
2 to 8 hours 4.70E-04 
8 to 24 hours 2.23E-04 
1 to 4 days 1.79E-04 
4 to 30 days 1.44E-04

8 12 24

1.00E-02 1.OOE-02 1.00E-02 

1.00E-06 1.OOE-06 1.00E-06 

0. 0. 0.  

0. 0. 0.  

38800. 24935. 8175.  

73.21 83.15 94.42 

5.53E-04 4.56E-04 3.33E-04

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

1.26E-03 
7.89E-04

MIN XIQ 
1.05E-04 
6.56E-05
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Program Title: ARCON96. (1/4 Building Area) 

Developed For: U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management 

Date: June 25, 1997 11:00 a.m.  

NRC Contacts: J. Y. Lee Phone: (301) 415 1080 
e-mail: jyll~nrc.gov 

J. J. Hayes Phone: (301) 415 3167 
e-mail: jjh~nrc.gov 

L. A Brown Phone: (301) 415 1232 
e-mail: lab2@nrc.gov 

code Developer: J. V. Ramsdell Phone: (509) 372 6316 
e-mail: j-ramsdell@pnl.gov 

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 

the United States Government nor any agency thereof, nor any of their 

employees, makes any warranty, expressed or implied, or assumes any legal 

liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 13:09:40 

******* ARCON INPUT 

Number of Meteorological Data Files 1 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) 9.7 
Height of upper wind instrument (m) = 46.4 
Wind speeds entered as miles per hour 

Ground-level release 
Release height (m) = 20.7 
Building Area (mA2) = 436.2 
Effluent vertical velocity (m/s) = .00 
Vent or stack flow (m^3/s) - .00 
Vent or stack radius (m) - .00 

Direction .. intake to source (deg) = 292 

Wind direction sector width (deg) 90 
Wind direction window (deg) = 247 - 337 

Distance to intake (m) - 81.1 
Intake height (m) = 14.3 

Terrain elevation difference (m) = .0 

Output file names 
wbsgtrlb.log 
wbsgtrlb.cfd 

Minimum Wind Speed (m/s) - .5 
Surface roughness length (m) = .10 

Sector averaging constant = 4.0 

Initial value of sigma y .00 
T,..4 -I~ value ovf .snrym z .00
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Expanded output for code testing not selected

Total 
Hours 
Hours 
Hours 
Hours 
Hours

number of hours of data processed 157800 
of missing data = 5984 
direction in window 29263 
elevated plume w/ dir. in window = 0 
of calm winds = 23387 
direction not in window or calm = 99166

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL 
AVER. PER. 1 2 4 

96 168 360 720 
UPPER LIM. 1.00E-02 1.00E-02 1.00E-02 1 

1.00E-02 1.OOE-02 1.00E-02 1.OOE-02 
LOW LIM. 1.OOE-06 1.00E-06 1.OOE-06 I 

1.00E-06 1.OOE-06 1.OE-06 1.00E-06 
ABOVE RANGE 0. 0. 0.

0.  

0.

0.  
IN RANGE 

BELOW RANGE 
0.  

ZERO
15. 0.  

TOTAL X/Qs 

% NON ZERO 
99.99 100.00

0.  
52650.  

0.  
0.  

99166.  
0.  

34.68 
100.00

0.  
68022.  

0.  
0.  

82675.  
0.  

45.14 
100.00

85388.  

0.  

63240.

57.45

95th PERCENTILE X/Q VALUES 
8.07E-04 7.25E-04 6.27E-04 

2.19E-04 1.92E-04 1.68E-04 1.54E-04 

95% X/Q for standard averaging intervals

0 
2 
8 
1 
4

to 
to 
to 
to 
to

2 hours 
8 hours 
24 hours 
4 days 
30 days

8 12 24

.OOE-02 1.00E-02 1.OOE-02 

.00E-06 1.00E-06 1.OOE-06

0.

0.  

38800.  

73.21

0.

0.  

24935.  

83.15

0.

0.  

8175.  

94.42

5.55E-04 4.59E-04 3.35E-04

8. 07E-04 
4.72E-04 
2. 25E-04 
1. 80E-04 
1.45E-04

CENTERLINE 
SECTOR-AVERAGE

HOURLY VALUE RANGE 
MAX X/Q 

1.28E-03 
8.02E-04

NORMAL PROGRAM COMPLETION

MIN X/Q 
1. 06E-04 
6.66E-05
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Program Title: ARCON96. (1/8 Building Area)

Developed For: U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management

Date:

NRC Contacts:

June 25, 1997 

J. Y. Lee 

J. J. Hayes 

L. A Brown

11:00 a.m.

Phone: (301) 415 1080 
e-mail: jyllnrc.gov 
Phone: (301) 415 3167 
e-mail: jjhgnrc.gov 
Phone: (301) 415 1232 
e-mail: lab2anrc.gov

Code Developer: J. V. Ramsdell Phone: (509) 372 6316 
e-mail: jramsdellapnl.gov

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 13:10:27 

******* ARCON INPUT *

Number of Meteorological Data Files = 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 
Height of upper wind instrument (m) 
Wind speeds entered as miles per hour

Ground-level release 
Release height (m) 
Building Area (m^2) 
Effluent vertical velocity (m/s) 
Vent or stack flow (m^3/s) 
Vent or stack radius (m) 

Direction .. intake to source (deg) 
Wind direction sector width (deg) 
Wind direction window (deg) 
Distance to intake (m) 
Intake height (m) 
Terrain elevation difference (m)

1

9.7 
46.4 

20.7 
218.1 

.00 

.00 

.00

292 
90 

247 - 337 
81.1 
14.3 

.0

Output file names 
wbsgtrlc.log 
wbsgtrlc.cfd

Minimum Wind Speed (m/s) 
Surface roughness length (m) 
Sector averaging constant

Initial value of sigma y 
Initial value of sigma z

.5 

.10 
4.0

.00 

.00

=
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Expanded output for code testing not selected 

Total number of hours of data processed 157800 
Hours of missing data = 5984 
Hours direction in window = 29263 
Hours elevated plume w/ dir. in window = 0 
Hours of calm winds 23387 
Hours direction not in window or calm = 99166 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL
AVER. PER. 1 2 4

96 168 360 720 
UPPER LIM. 1.002-02 1.00E-02 1.00E-02 

1.00E-02 1.00E-02 1.00E-02 1.00E-02 
LOW LIM. 1.00E-06 1.OOE-06 1.00E-06 

1.00E-06 1.00E-06 1.00E-06 1.00E-06 
ABOVE RANGE 0. 0. 0.  

0. 0. 0. 0.  
IN RANGE 52650. 68022. 85388.  

BELOW RANGE 0. 0. 0.  
0. 0. 0. 0.  

ZERO 99166. 82675. 63240.  
15. 0. 0. 0.  

TOTAL X/Qs 

% NON ZERO 34.68 45.14 57.45 
99.99 100.00 100.00 100.00 

95th PERCENTILE X/Q VALUES 
8.15E-04 7.30E-04 6.35E-04 

2.20E-04 1.93E-04 1.69E-04 1.S5E-04 

95% X/Q for standard averaging intervals 

0 to 2 hours 8.15E-04 
2 to 8 hours 4.75E-04 
8 to 24 hours 2.27E-04 
1 to 4 days 1.81E-04 
4 to 30 days 1.45E-04

8

1.00E-02 

1.00E-06 

0.  

0.  

38800.  

73.21

12

1.00E-02 

1.00E-06 

0.  

0.  

24935.  

83.15

24 

1. OOE-02 

1.00E-06 

0.  

0.  

8175.  

94.42

5.60E-04 4.622-04 3.38E-04

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

1.31E-03 
8.19E-04

5010.65

MIN XIQ 
1. 09E-04 
6. 80E-05
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Program Title: ARCON96. (No Building Area)

U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management

June 25, 1997

NRC Contacts: J. Y. Lee 

J. J. Hayes 

L. A Brown 

Code Developer: J. V. Ramsdell

11:00 a.m.

Phone: (301) 415 1080 
e-mail: jyllcnrc.gov 
Phone: (301) 415 3167 
e-mail: jjhgnrc.gov 
Phone: (301) 415 1232 
e-mail: lab2@nrc.gov 

Phone: (509) 372 6316 
e-mail: jramsdell(pnl.gov

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 13:11:10 

******* ARCON INPUT

Number of Meteorological Data Files = 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 
Height of upper wind instrument (m) = 
Wind speeds entered as miles per hour

Ground-level release 
Release height (m) 
Building Area (mW2) 
Effluent vertical velocity (m/s) 
Vent or stack flow (m^3/s) 
Vent or stack radius (m)

Direction .. intake to source (deg) 
Wind direction sector width (deg) 
Wind direction window (deg) 
Distance to intake (m) 
Intake height (m) 
Terrain elevation difference (m) 

Output file names 
wbsgtrld.log 
wbsgtrld.cfd 

Minimum Wind Speed (m/s) 
Surface roughness length (m) 
Sector averaging constant

Initial value of sigma y 
Initial value of sigma z

I

9.7 
46.4 

20.7 
.0 
.00 
.00 
.00

292 
90 

247 - 337 
81.1 
14.3 

.0

.5 

.10 
4.0 

.00 
.00

Developed For:

Date:
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Expanded output for code testing not selected 

Total number of hours of data processed = 157800 
Hours of missing data = 5984 
Hours direction in window = 29263 
Hours elevated plume w/ dir. in window = 0 
Hours of calm winds 23387 
Hours direction not in window or calm 99166 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL
AVER. PER.  

96 168
1 

360
2 

720
4

UPPER LIM. 1.00E-02 1.00E-02 1.OOE-02 
1.OOE-02 1.OOE-02 1.OOE-02 1.00E-02 

LOW LIM. 1.OOE-06 1.00E-06 1.OOE-06 
1.OOE-06 1.OOE-06 1.OOE-06 1.OOE-06 

ABOVE RANGE 0. 0. 0.  
0. 0. 0. 0.  

IN RANGE 52650. 68022. 85388.  

BELOW RANGE 0. 0. 0.  
0. 0. 0. 0.  

ZERO 99166. 82675. 63240.  
15. 0. 0. 0.  

TOTAL X/Qs 

% NON ZERO 34.68 45.14 57.45 
99.99 100.00 100.00 100.00 

95th PERCENTILE X/Q VALUES 
8.96E-04 7.91E-04 6.96E-04 

2.38E-04 2.07E-04 1.82E-04 1.66E-04 

95% X/Q for standard averaging intervals 

0 to 2 hours 8.96E-04 
2 to 8 hours 5.16E-04 
8 to 24 hours 2.47E-04 
1 to 4 days 1.95E-04 
4 to 30 days 1.55E-04

8

1. 00E-02 

1.OOE-06 

0.  

0.  

38800.  

73.21

12

1.0 OE-02 

1. OOE-06 

0.  

0.  

24935.  

83.15

24 

1. 0OE-02 

1. OOE-06 

0.  

0.  

8175.  

94.42

6.11E-04 5.04E-04 3.68E-04

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

1.91E-03 
1.20E-03

MIN X/Q 
1.35E-04 
8.43E-05
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6. Unit 1 Exhaust Stacks to Normal Control Room Air Intake (SGTR): 

Program Title: ARCON96. (Full Building Area) 

Developed For: U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management 

Date: June 25, 1997 11:00 a.m.  

NRC Contacts: J. Y. Lee Phone: (301) 415 1080 
e-mail: jyllgnrc.gov 

J. J. Hayes Phone: (301) 415 3167 
e-mail: jjh@nrc.gov 

L. A Brown Phone: (301) 415 1232 
e-mail: lab2anrc.gov 

Code Developer: J. V. Ramsdell Phone: (509) 372 6316 
e-mail: jramsdell@pnl.gov 

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 13:11:55 

*~***** ARCON INPUT * 

Number of Meteorological Data Files = 1 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 9.7 
Height of upper wind instrument (m) = 46.4 
Wind speeds entered as miles per hour 

Ground-level release 
Release height (m) = 20.7 
Building Area (m^2) 1744.7 
Effluent vertical velocity (m/s) = .00 
Vent or stack flow (m^3/s) = .00 
Vent or stack radius (m) .00 

Direction .. intake to source (deg) = 358 
Wind direction sector width (deg) = 90 
Wind direction window (deg) = 313 - 043 
Distance to intake (m) - 35.5 
Intake height (m) - 14.3 
Terrain elevation difference (m) .0 

Output file names 
wbsgtr2.log 
wbsgtr2.cfd 

Minimum Wind Speed (m/s) - .5 
Surface roughness length (m) = .10 
Sector averaging constant - 4.0
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Initial value of sigma y .00 
Initial value of sigma z .00 

Expanded output for code testing not selected 

Total number of hours of data processed = 157800 
Hours of missing data = 5984 
Hours direction in window = 39425 
Hours elevated plume w/ dir. in window = 0 
Hours of calm winds = 23387 
Hours direction not in window or calm = 89004 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL

360 720
2 4AVER. PER.  

96 168
UPPER LIM. 1.00E-02 1.00E-02 1.00E-02 

1.OOE-02 1.00E-02 1.00E-02 1.00E-02 
LOW LIM. 1.OOE-06 1.00E-06 1.OOE-06 

1.OOE-06 1.OOE-06 1.00E-06 1.00E-06 
ABOVE RANGE 0. 0. 0.  

0. 0. 0. 0.  
IN RANGE 62812. 79410. 96020.  

BELOW RANGE 0. 0. 0.  
0. 0. 0. 0.  

ZERO 89004. 71287. 52608.  
102. 0. 0. 0.  

TOTAL X/Qs 

% NON ZERO 41.37 52.70 64.60 
99.93 100.00 100.00 100.00 

95th PERCENTILE X/Q VALUES 
4.03E-03 3.90E-03 3.76E-03 

1.33E-03 1.16E-03 1.02E-03 9.42E-04 

95% X/Q for standard averaging intervals 

0 to 2 hours 4.03E-03 
2 to 8 hours 3.35E-03 
8 to 24 hours 1.54E-03 
1 to 4 days 1.05E-03 
4 to 30 days 8.81E-04

8

1. OOE-02 

1.00E-06 

0.  

0.  

33081.  

77.16

12

1.OOE-02 

1. 00E-06 

0.  

0.  

22558.  

84.76

24 

1.00E-02 

1.00E-06 

0.  

0.  

8114.  

94.46

3.52E-03 2.92E-03 2.20E-03

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

5.98E-03 
3.75E-03

MIN X/Q 
6.00E-04 
3.76E-04
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7. Unit 2 Exhaust Stacks to Emergency Control Room Air Intake (SGTR): 

Program Title: ARCON96. (Full Building Area)

U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management

June 25, 1997

NRC Contacts: J. Y. Lee 

J. J. Hayes 

L. A Brown 

Code Developer: J. V. Ramsdell

11:00 a.m.

Phone: (301) 415 1080 
e-mail: jyllSnrc.gov 
Phone: (301) 415 3167 
e-mail: jjh@nrc.gov 
Phone: (301) 415 1232 
e-mail: lab2@nrc.gov 

Phone: (509) 372 6316 
e-mail: jramsdellGpnl.gov

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 13:12:55 

******* ARCON INPUT *

Number of Meteorological Data Files = 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 
Height of upper wind instrument (m) = 
Wind speeds entered as miles per hour

Ground-level release 
Release height (m) 
Building Area (m^2) 
Effluent vertical velocity (m/s) 
Vent or stack flow (m^3/s) 
Vent or stack radius (m) 

Direction .. intake to source (deg) 
Wind direction sector width (deg) 
Wind direction window (deg) 
Distance to intake (m) 
Intake height (m) 
Terrain elevation difference (m)

=

1 

9.7 
46.4 

20.7 
1744.7 

.00 

.00 

.00 

012 
90 

327 - 057 
45.1 
14.3 

.0

Output file names 
wbsgtr3.log 
wbsgtr3.cfd

Minimum Wind Speed (m/s) 
Surface roughness length (m) 
Sector averaging constant

.5 

.10 
4.0

Developed For:

Date:



STONE & WEBSTER ENGINEERING CORPORATION &rNT AC 
CALCULATION SHEET 0 , -LK' 4-1,

CALCULATION IDENTIFICATION NUMBER 

JOB ORDER NO. DISCIPLINE CALCULATION NO. REVISION NUMBER PAGE 
13090.0100 WM(B) 001 0 46 OF 68

Initial value of sigma y .00 
Initial value of sigma z .00 

Expanded output for code testing not selected 

Total number of hours of data processed = 157800 
Hours of missing data - 5984 
Hours direction in window = 38796 
Hours elevated plume w/ dir. in window 0 
Hours of calm winds = 23387 
Hours direction not in window or calm = 89633 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL 
AVER. PER. 1 2 4 

96 168 360 720 
UPPER LIM. 1.00E-02 l.O0E-02 1.00E-02 1.  

1.00E-02 1.00E-02 1.00E-02 1.OOE-02 
LOW LIM. 1.OOE-06 1.00E-06 1.OOE-06 1.  

1.00E-06 1.00E-06 1.00E-06 1.00E-06 
ABOVE RANGE 0. 0. 0.  

0. 0. 0. 0.  
IN RANGE 62183. 77891. 93578.  

BELOW RANGE 0. 0. 0.  
0. 0. 0. 0.  

ZERO 89633. 72806. 55050.  
174. 0. 0. 0.  

TOTAL X/Qs 

% NON ZERO 40.96 51.69 62.96 
99.88 100.00 100.00 100.00 

95th PERCENTILE X/Q VALUES 
2.60E-03 2.53E-03 2.43E-03 2.  

8.81E-04 7.61E-04 6.63E-04 6.13E-04 

95% X/Q for standard averaging intervals 

0 to 2 hours 2.60E-03 
2 to 8 hours 2.16E-03 
8 to 24 hours 1.02E-03 
1 to 4 days 6.96E-04 
4 to 30 days 5.71E-04

8 12 24

00E-02 1.00E-02 1.O0E-02 

00E-06 1.00E-06 1.00E-06 

0. 0. 0.  

0. 0. 0.  

35841. 25411. 9901.  

75.25 82.83 93.24 

27E-03 1.90E-03 1.43E-03

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

3.54E-03 
2.222-03

5010.65

MIN X/Q 
3.95E-04 
2. 47E-04



STONE & WEBSTER ENGINEERING CORPORATION "r1.,rA(!,r1 A 
5010.65 CALCULATION SHEET •,A47 ed-A% 

CALCULATION IDENTIFICATION NUMBER 
JOB ORDER NO. DISCIPLINE CALCULATION NO.I REVISION NUMBER I PAGE 

13090.0100 WM(B) 001 0 47 OF 68 

Program Title: ARCON96. (1/2 Building Area)

U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management

June 25, 1997

NRC Contacts: J. Y. Lee 

J. J. Hayes 

L. A Brown 

Code Developer: J. V. Ramsdell

11:00 a.m.

Phone: (301) 415 1080 
e-mail: jyll~nrc.gov 
Phone: (301) 415 3167 
e-mail: jjhgnrc.gov 
Phone: (301) 415 1232 
e-mail: lab2fnrc.gov 

Phone: (509) 372 6316 
e-mail: j-ramsdellapnl.gov

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 13:13:41 

******* ARCON INPUT

Number of Meteorological Data Files = 
Meteorological Data File Names 

C: \ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 
Height of upper wind instrument (m) = 
Wind speeds entered as miles per hour

Ground-level release 
Release height (m) 
Building Area (m.2) 
Effluent vertical velocity (m/s) 
Vent or stack flow (m^3/s) 
Vent or stack radius (m) 

Direction .. intake to source (deg) 
Wind direction sector width (deg) 
Wind direction window (deg) 
Distance to intake (m) 
Intake height (mW 
Terrain elevation difference (m)

= 

1=

1

9.7 
46.4 

20.7 
872.4 

.00 
.00 
.00

012 
90 

327 - 057 
45.1 
14.3 

.0

Output file names 
wbsgtr3a.log 
wbsgtr3a.cfd

a 
=

Minimum Wind Speed (m/s) 
Surface roughness length (m) 
Sector averaging constant 

Initial value of sigma y 
Initial value of sigma z

.5 

.10 
4.0

.00 

.00

Developed For:

Date:
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CALCULATION IDENTIFICATION NUMBER 
JOB ORDER NO. DISCIPLINE CALCULATION NO. REVISION NUMBER PAGE 

13090.0100 WM 001 0 48OF 68

Expanded output for code testing not selected 

Total number of hours of data processed = 157800 
Hours of missing data = 5984 
Hours direction in window = 38796 
Hours elevated plume w/ dir. in window = 0 
Hours of calm winds = 23387 
Hours direction not in window or calm = 89633 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL
AVER. PER.  

96 168
1 

360
2 

720
4

UPPER LIM. 1.00E-02 1.OOE-02 1.00E-02 
1.00E-02 1.OOE-02 1.OOE-02 1.00E-02 

LOW LIM. 1.00E-06 1.OOE-06 1.OOE-06 
1.00E-06 1.00E-06 1.OOE-06 1.00E-06 

ABOVE RANGE 0. 0. 0.  
0. 0. 0. 0.  

IN RANGE 62183. 77891. 93578.  

BELOW RANGE 0. 0. 0.  
0. 0. 0. 0.  

ZERO 89633. 72806. 55050.  
174. 0. 0. 0.  

TOTAL X/Qs 

% NON ZERO 40.96 51.69 62.96 
99.88 100.00 100.00 100.00 

95th PERCENTILE X/Q VALUES 
2.60E-03 2.54E-03 2.44E-03 

8.82E-04 7.64E-04 6.65E-04 6.14E-04 

95% X/Q for standard averaging intervals 

0 to 2 hours 2.60E-03 
2 to 8 hours 2.17E-03 
8 to 24 hours 1.02E-03 
1 to 4 days 6.97E-04 
4 to 30 days 5.73E-04

8

1 OOE-02 

1.00E-06 

0.  

0.  

35841.  

75.25

12

1. OE-02 

1. OOE-06 

0.  

0.  

25411.  

82.83

24 

1.00E-02 

1.00E-06 

0.  

0.  

9901.  

93.24

2.28E-03 1.90E-03 1.44E-03

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

3.55E-03 
2.23E-03

5010.65

MIN X/Q 
3.99E-04 
2. SOE-04
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STONE & WEBSTER ENGINEERING CORPORATION A-VrA4•*, 

CALCULATION SHEET -A-90 4- A71
CALCULATION IDENTIFICATION NUMBER

JOB ORDER NO. DISCIPLINE CALCULATION NO. REVISION NUMBER PAGE 
13090.0100 WM(B) 001 0 49 OF 68 

Program Title: ARCON96. (1/4 Building Area)

Developed For:

Date:

U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management

June 25, 1997

NRC Contacts: J. Y. Lee 

J. J. Hayes 

L. A Brown 

Code Developer: J. V. Ramsdell

11:00 a.m.

Phone: 
e-mail: 
Phone: 
e-mail: 
Phone: 
e-mail:

(301) 415 1080 
jyll~nrc.gov 

(301) 415 3167 
jjh@nrc.gov 

(301) 415 1232 
lab2Gnrc.gov

Phone: (509) 372 6316 
e-mail: j_ramsdell3pnl.gov

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 13:14:31 

ARCON INPUT *

Number of Meteorological Data Files = 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBN .MET 

Height of lower wind instrument (m) = 
Height of upper wind instrument (m) = 
Wind speeds entered as miles per hour 

Ground-level release 
Release height (m) 
Building Area (m^2) 
Effluent vertical velocity (m/s) = 
Vent or stack flow (m^3/s) 
Vent or stack radius (m)

Direction .. intake to source (deg) 
Wind direction sector width (deg) 
Wind direction window (deg) 
Distance to intake (m) 
Intake height (m) 
Terrain elevation difference (m)

=

1

9.7 
46.4 

20.7 
436.2 

.00 

.00 

.00

012 
90 

327 - 057 
45.1 
14.3 

.0

Output file names 
wbsgtr3b.log 
wbsgtr3b.cfd

Minimum Wind Speed (m/s) 
Surface roughness length (m) 
Sector averaging constant 

Initial value of sigma y 
Initial value of sigma z

.5 

.10 
4.0

.00 

.00

5010.65



STONE & WEBSTER ENGINEERING CORPORATION AITrA-cAW)r ," 
CALCULATION SHEET i.- A•-5b •• A•1

CALCULATION IDENTIFICATION NUMBER 
JOB ORDER NO. DISCIPLINE CALCULATION NO. REVISION NUMBER PAGE 

13090.0100 WM(B) 001 1 0 150 OF 68

Expanded output for code testing not selected 

Total number of hours of data processed = 157800 
Hours of missing data = 5984 
Hours direction in window = 38796 
Hours elevated plume wI dir. in window = 0 
Hours of calm winds = 23387 
Hours direction not in window or calm = 89633 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL
AVER. PER.  

96 168
1 

360
2 

720
4

UPPER LIM. 1.00E-02 1.00E-02 1.OOE-02 
1.OOE-02 1.OOE-02 1.OOE-02 1.OOE-02 

LOW LIM. 1.00E-06 1.OOE-06 1.00E-06 
1.OOE-06 1.OOE-06 1.00E-06 1.00E-06 

ABOVE RANGE 0. 0. 0.  
0. 0. 0. 0.  

IN RANGE 62183. 77891. 93578.  

BELOW RANGE 0. 0. 0.  
0. 0. 0. 0.  

ZERO 89633. 72806. 55050.  
174. 0. 0. 0.  

TOTAL X/Qs 

% NON ZERO 40.96 51.69 62.96 
99.88 100.00 100.00 100.00 

95th PERCENTILE X/Q VALUES 
2.61E-03 2.55E-03 2.45E-03 

8.85E-04 7.66E-04 6.67E-04 6.16E-04 

95% X/Q for standard averaging intervals 

0 to 2 hours 2.61E-03 
2 to 8 hours 2.18E-03 
8 to 24 hours 1.02E-03 
1 to 4 days 6.99E-04 
4 to 30 days 5.74E-04

8

1.OOE-02 

1.OOE-06 

0.  

0.  

35841.  

75.25

12

1. OOE-02 

1.OOE-06 

0.  

0.  

25411.  

82.83

24 

1.00E-02 

1. OOE-06 

0.  

0.  

9901.  

93.24

2.28E-03 1.91E-03 1.44E-03

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

3.57E-03 
2.24E-03

5010.65

MIN X/Q 
4. OSE-04 
2. 54E-04



STONE & WEBSTER ENGINEERING CORPORATION A 4,*',C-'"A 
CALCULATION SHEET t.ASI 9j- A-"4

CALCULATION IDENTIFICATION NUMBERJOB ORE NO, DoISCIPLINE ACUA 0TIOf_. ROEVISION NUMBER P AGE 
13090.0100 WMB 001 0 51 OF 68 

Program Title: ARCON96. (1/8 Building Area)

Developed For: U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management

Date:

NRC Contacts:

June 25, 1997 

J. Y. Lee 

J. J. Hayes 

L. A Brown

11:00 a.m.

Phone: (301) 415 1080 
e-mail: jylltnrc.gov 
Phone: (301) 415 3167 
e-mail: jjhgnrc.gov 
Phone: (301) 415 1232 
e-mail: lab2@nrc.gov

code Developer: J. V. Ramsdell Phone: (509) 372 6316 
e-mail: j-ramsdellCpnl.gov

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 13:15:16 

****** ARCON INPUT *

Number of Meteorological Data Files = 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 
Height of upper wind instrument (m) = 
Wind speeds entered as miles per hour

1

9.7 
46.4

Ground-level release 
Release height (m) 
Building Area (m^2) 
Effluent vertical velocity (m/s) 
Vent or stack flow (m^3/s) 
Vent or stack radius (m) 

Direction .. intake to source (deg) 
Wind direction sector width (deg) 
Wind direction window (deg) 
Distance to intake (m) 
Intake height (m) 
Terrain elevation difference (m) 

Output file names 
wbsgtr3c.log 
wbsgtr3c.cfd 

Minimum Wind Speed (m/s) 
Surface roughness length (m) 
Sector averaging constant

Initial value of sigma y 
Initial value of sigma z

= 20.7 
= 218.1 
= .00 
- .00 
= .00

012 
90 

327 - 057 
45.1 
14.3 

.0

.5 

.10 
4.0 

.00 

.00
=

5010.65



CAL CULATION IDENTIFICATION NUMBER

STONE & WEBSTER ENGINEERING CORPORATION A,1rWMWGJr '
CALCULATION SHEET F. h-5s 4 A-7,

JOB ORDER NO. DISCIPLINE I CALCULATION NO. I R2VISION NUMBER I PAGE

JOB ORDE NO. DICPLN CACLTION NO. EIINNUBRPG 
13090.0100 WM(B) 001 0 52 OF 68 

Expanded output for code testing not selected

number of hours of data processed = 157800 
of missing data = 5984 
direction in window = 38796 
elevated plume wI dir. in window 0 
of calm winds 23387 
direction not in window or calm 89633

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL 
AVER. PER. 1 2 4 

96 168 360 720 
UPPER LIM. 1.OOE-02 1.00E-02 1.OOE-02 1 

1.OOE-02 1.00E-02 1.OOE-02 1.00E-02 
LOW LIM. 1.00E-06 1.00E-06 1.00E-06 I 

1.OOE-06 1.OOE-06 1.00E-06 1.00E-06 
ABOVE RANGE 0. 0. 0.  

0. 0. 0. 0.  

IN RANGE 62183. 77891. 93578.

8 12 24

.OOE-02 1.OOE-02 1.OOE-02 

.OOE-06 1.00E-06 1.00E-06

0. 0. 0.

BELOW RANGE 
0.  

ZERO
174.  

TOTAL
0.  

X/Qs

% NON ZERO 
99.88 100.00

95th PERCENTILE X/Q VALUES 
2.62E-03 2.57E-03 2.47E-03 

8.89E-04 7.71E-04 6.69E-04 6.18E-04 

95% X/Q for standard averaging intervals

0 
2 
8 
1 
4

to 
to 
to 

to 
to

2 hours 
8 hours 
24 hours 
4 days 
30 days

2.29E-03 1.92E-03 1.45E-03

2. 62E-03 
2.19E-03 
1.03E-03 
7. 01E-04 
5.76E-04

CENTERLINE 
SECTOR-AVERAGE

HOURLY VALUE RANGE 
MAX X/Q 

3.59E-03 
2.25E-03

NORMAL PROGRAM COMPLETION

5010.65

Total 
Hours 
Hours 
Hours 
Hours 
Hours

0.

0.  
0.  

89633.  
0.  

40.96 
100.00

0.  
0.  

72806.  
0.  

51.69 
100.00

0.

55050.  

62.96

0.  

35841.  

75.25

0.  

25411.  

82.83

0.  

9901.  

93.24

MIN X/Q 
4. 13E-04 
2 . 59E-04



STONE & WEBSTER ENGINEERING CORPORATION Pf•r-",,4,7 
5010.65 CALCULATION SHEET A 5 7 

CALCULATION IDENTIFICATION NUMBER 
JOB ORDER NO. DISCIPLINE CALCULATION NO. REVISION NUMBER PAGE 

13090.0100 WM(B) 001 0 53 OF 68 

Program Title: ARCON96. (No Building Area) 

Developed For: U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management 

Date: June 25, 1997 11:00 a.m.  

NRC Contacts: J. Y. Lee Phone: (301) 415 1080 
e-mail: jyllnrc.gov 

J. J. Hayes Phone: (301) 415 3167 
e-mail: jjhgnrc.gov 

L. A Brown Phone: (301) 415 1232 
e-mail: lab2@nrc.gov 

Code Developer: J. V. Ramsdell Phone: (509) 372 6316 
e-mail: j_.ramsdellapnl.gov 

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 13:15:56 

******* ARCON INPUT * 

Number of Meteorological Data Files = 1 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 9.7 
Height of upper wind instrument (m) = 46.4 
Wind speeds entered as miles per hour 

Ground-level release 
Release height (m) = 20.7 
Building Area (m^2) = .0 
Effluent vertical velocity (m/s) = .00 
Vent or stack flow (m'3/s) - .00 
Vent or stack radius (m) = .00 

Direction .. intake to source (deg) = 012 
Wind direction sector width (deg) = 90 
Wind direction window (deg) 327 - 057 
Distance to intake (m) = 45.1 
Intake height (m) = 14.3 
Terrain elevation difference (m) = .0 

Output file names 
wbsgtr3d.log 
wbsgtr3d.cfd 

Minimum Wind Speed (m/s) - .5 
Surface roughness length (m) - .10 
Sector averaging constant - 4.0 

Initial value of sigma y .00 
Initial value of sigma z .00



STONE & WEBSTER ENGINEERING CORPORATION A"+",jur 
5010.65 CALCULATION SHEET 4A" - A76 

CALCULATION IDENTIFICATION NUMBER 
JOB ORDER NO. DISCIPLINE CALCULATION NO. REVISION NUMBER PAGE 

13090.0100 WM(B) 001 0 54 OF 68

Expanded output for code testing not selected 

Total number of hours of data processed = 157800 
Hours of missing data = 5984 
Hours direction in window 38796 
Hours elevated plume w/ dir. in window = 0 
Hours of calm winds = 23387 
Hours direction not in window or calm = 89633 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL 
AVER. PER. 1 2 4 

96 168 360 720 
UPPER LIM. 1.00E-02 1.00E-02 1.00E-02 I.  

1.OOE-02 1.00E-02 1.00E-02 1.00E-02 
LOW LIM. 1.OOE-06 1.00E-06 1.OOE-06 1.  

l.OOE-06 1.00E-06 l.00E-06 . 00E-06 
ABOVE RANGE 0. 0. 0.  

0. 0. 0. 0.  
IN RANGE 62183. 77891. 93578.  

BELOW RANGE 0. 0. 0.  
39. 0. 0. 0.  

ZERO 89633. 72806. 55050.  
135. 0. 0. 0.  

TOTAL X/Qs 

% NON ZERO 40.96 51.69 62.96 
99.90 100.00 100.00 100.00 

95th PERCENTILE X/Q VALUES 
2.87E-03 2.84E-03 2.77E-03 2.  

9.70E-04 8.35E-04 7.23E-04 6.68E-04 

95% X/Q for standard averaging intervals 

0 to 2 hours 2.87E-03 
2 to 8 hours 2.46E-03 
8 to 24 hours 1.14E-03 
1 to 4 days 7.55E-04 
4 to 30 days 6.22E-04

8 12 24

OOE-02 1.OOE-02 1.00E-02 

OOE-06 1.OOE-06 1.00E-06 

0. 0. 0.  

0. 0. 0.  

35841. 25411. 9901.  

75.25 82.83 93.24 

57E-03 2.14E-03 1.61E-03

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

5.13E-03 
3.21E-03

MIN X/Q 
4.81E-04 
3. 02E-04



STONE & WEBSTER ENGINEERING CORPORATION k-ft *4Wr A 
5010.65 CALCULATION SHEET .ASS' sxý A%7 

CALCULATION IDENTIFICATION NUMBER 
JOB ORDER NO. DISCIPLINE CALCULATION NO. REVISION NUMBER I PAGE 

13090.0100 WM(B) 001 0I 55 0F68 

8. Unit 2 Exhaust Stacks to Normal Control Room Air Intake (SGTR): 

Program Title: ARCON96. (Full Building Area) 

Developed For: U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management 

Date: June 25, 1997 11:00 a.m.  

NRC Contacts: J. Y. Lee Phone: (301) 415 1080 
e-mail: jyll~nrc.gov 

J. J. Hayes Phone: (301) 415 3167 
e-mail: jjhQnrc.gov 

L. A Brown Phone: (301) 415 1232 
e-mail: lab2gnrc.gov 

Code Developer: J. V. Ramsdell Phone: (509) 372 6316 
e-mail: jramsdell~pnl.gov 

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 13:16:52 

******* ARCON INPUT * 

Number of Meteorological Data Files = 1 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 9.7 
Height of upper wind instrument (m) = 46.4 
Wind speeds entered as miles per hour 

Ground-level release 
Release height (m) 20.7 
Building Area (m-2) = 1744.7 
Effluent vertical velocity (m/s) = .00 
Vent or stack flow (m^3/s) - .00 
Vent or stack radius (m) = .00 

Direction .. intake to source (deg) = 060 
Wind direction sector width (deg) = 90 
Wind direction window (deg) = 015 - 105 
Distance to intake (m) = 96.5 
Intake height (m) 14.3 
Terrain elevation difference (m) = .0 

Output file names 
wbsgtr4.log 
wbsgtr4.cfd 

Minimum Wind Speed (m/s) - .5 
Surface roughness length (m) = .10 

Sector averaging constant - 4.0



STONE & WEBSTER ENGINEERING CORPORATION fku+,I-"ojr A
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CALCULATION IDENTIFICATION NUMBER 
JOB ORDER NO. DISCIPLINE CALCULATION NO. REVISION NUMBER PAGE 

13090.0100 WM(B) 001 0 56 OF 68

Initial value of sigma y .00 
Initial value of sigma z .00 

Expanded output for code testing not selected 

Total number of hours of data processed = 157800 
Hours of missing data - 5984 
Hours direction in window = 31685 
Hours elevated plume w/ dir. in window = 0 
Hours of calm winds 23387 
Hours direction not in window or calm = 96744 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL 
AVER. PER. 1 2 4

360 72096 168
UPPER LIM. 1.00E-03 1.00E-03 1.00E-03 

1.00E-03 1.00E-03 1.00E-03 1.O0E-03 
LOW LIM. 1.OOE-07 1.DOE-07 1.00E-07 

1.00E-07 1.OOE-07 1.OOE-07 1.00E-07 
ABOVE RANGE 0. 0. 0.  

0. 0. 0. 0.  
IN RANGE 55072. 70302. 85858.  

BELOW RANGE 0. 0. 0.  
213. 0. 0. 0.  

ZERO 96744. 80395. 62770.  
44. 0. 0. 0.  

TOTAL X/Qs ****W* ****** 

% NON ZERO 36.28 46.65 57.77 
99.97 100.00 100.00 100.00 

95th PERCENTILE X/Q VALUES 
5.85E-04 5.52E-04 4.83E-04 

1.79E-04 1.57E-04 1.38E-04 1.25E-04 

95% X/Q for standard averaging intervals 

0 to 2 hours 5.85E-04 
2 to 8 hours 3.89E-04 
8 to 24 hours 1.93E-04 
I to 4 days 1.47E-04 
4 to 30 days 1.17E-04

8

1. OOE-03 

1. OOE-07 

0.  

0.  

43042.  

70.28

12

1.00E-03 

1. OOE-07 

0.  

0.  

32299.  

78.18

24 

1.00E-03 

1.00E-07 

0.  

0.  

14674.  

89.99

4.38E-04 3.63E-04 2.75E-04

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

8.84E-04 
5.54E-04

MIN X/Q 
1. 19E-04 
7. 45E-05
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Program Title: ARCON96. (1/2 Building Area)

Developed For: U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management

Date:

NRC Contacts:

June 25, 1997 

J. Y. Lee 

J. J. Hayes 

L. A Brown

11:00 a.m.

Phone: (301) 415 1080 
e-mail: jyll@nrc.gov 
Phone: (301) 415 3167 
e-mail: jjh@nrc.gov 
Phone: (301) 415 1232 
e-mail: lab2gnrc.gov

Code Developer: J. V. Ramsdell Phone: (509) 372 6316 
e-mail; j-ramsdell@pnl.gov 

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 

the United States Government nor any agency thereof, nor any of their 

employees, makes any warranty, expressed or implied, or assumes any legal 

liability or responsibilities for any third party's use, or the results of such 

use, of any portion of this program or represents that its use by such third 

party would not infringe privately owned rights.  

Program Run 12/15/2000 at 13:17:40 

******* ARCON INPUT

Number of Meteorological Data Files = 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 
Height of upper wind instrument (m) = 
Wind speeds entered as miles per hour 

Ground-level release 
Release height (m) 
Building Area (m^2) 
Effluent vertical velocity (m/s) = 
Vent or stack flow (m^3/s) 
Vent or stack radius (m) 

Direction .. intake to source (deg) = 

Wind direction sector width (deg) 
Wind direction window (deg) 
Distance to intake (m) 
Intake height (m) 
Terrain elevation difference (m) =

1

9.7 
46.4 

20.7 
872 .4 

.00 

.00 

.00

060 
90 

015 - 105 
96.5 
14.3 

.0

Output file names 
wbsgtr4a.log 
wbsgtr4a.cfd

Minimum Wind Speed (M/s) 
surface roughness length (m) 
Sector averaging constant 

Initial value of sigma y 
Tnitial value of sigma z

.5 

.10 
4.0 

.00 

.00



STONE & WEBSTER ENGINEERING CORPORATION &vk.AAT •' 
SOlO.S5 CALCULATION SHEET p. 

CALCULATION IDENTIFICATION NUMBER 
JOB ORDER NO. DISCIPLINE CALCULATION NO. I REVISION NUMBER I PAGE 

13090.0100 WM(B) 001 0 58 OF 68

Expanded output for code testing not selected 

Total number of hours of data processed = 157800 
Hours of missing data = 5984 
Hours direction in window = 31685 
Hours elevated plume w/ dir. in window = 0 
Hours of calm winds 23387 
Hours direction not in window or calm = 96744 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL
AVER. PER. 1 2 4 

96 168 360 720 
UPPER LIM. 1.00E-03 1.OOE-03 1.OOE-03 

1.00E-03 1.OOE-03 1.00E-03 1.00E-03 
LOW LIM. 1.00E-07 1.OOE-07 1.OOE-07 

1.OOE-07 1.00E-07 1.OOE-07 1.OOE-07 
ABOVE RANGE 0. 0. 0.  

0. 0. 0. 0.  
IN RANGE 55072. 70302. 85858.  

BELOW RANGE 0. 0. 0.  
0. 0. 0. 0.  

ZERO 96744. 80395. 62770.  
257. 0. 0. 0.  

TOTAL X/Qs 

% NON ZERO 36.28 46.65 57.77 
99.82 100.00 100.00 100.00 

95th PERCENTILE X/Q VALUES 
5.87E-04 5.55E-04 4.85E-04 

1.79E-04 1.57E-04 1.39E-04 1.26E-04 

95% X/Q for standard averaging intervals 

0 to 2 hours 5.87E-04 
2 to 8 hours 3.91E-04 
8 to 24 hours 1.93E-04 
1 to 4 days 1.47E-04 
4 to 30 days 1.17E-04

8

1. 00E-03 

1.00E-07 

0.  

0.  

43042.  

70.28

12

1. OOE-03 

1.00E-07 

0.  

0.  

32299.  

78.18

24 

1. 00E-03 

1. 00E-07 

0.  

0.  

14674.  

89.99

4.40E-04 3.65E-04 2.76E-04

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

8.92E-04 
5.59E-04

MIN X/Q 
1.20E-04 
7.51E-05
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Program Title: ARCON96. (1/4 Building Area)

Developed For: U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management

Date:

NRC Contacts:

June 25, 1997 

J. Y. Lee 

J. J. Hayes 

L. A Brown

11:00 a.m.

Phone: (301) 415 1080 
e-mail: jyllgnrc.gov 
Phone: (301) 415 3167 
e-mail: jjhQnrc.gov 
Phone: (301) 415 1232 
e-mail: lab2@nrc.gov

Code Developer: J. V. Ramsdell Phone: (509) 372 6316 
e-mail: jramsdellpnl.gov

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 13:18:29 

******* ARCON INPUT *

Number of Meteorological Data Files = 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 
Height of upper wind instrument (m) = 
Wind speeds entered as miles per hour 

Ground-level release 
Release height (m) 
Building Area (m^2) 
Effluent vertical velocity (m/s) = 
Vent or stack flow (m^3/s) 
Vent or stack radius (m)

Direction .. intake to source (deg) 
Wind direction sector width (deg) 
Wind direction window (deg) 
Distance to intake (m) 
Intake height (m) 
Terrain elevation difference (m)

=

1

9.7 
46.4 

20.7 
436.2 

.00 

.00 

.00

060 
90 

015 - 105 
96.5 
14.3 

.0

Output file names 
wbsgtr4b.log 
wbsgtr4b.cfd

Minimum Wind Speed (m/s) 
Surface roughness length (m) 
Sector averaging constant 

Initial value of sigma y 
Initial value of sigma z

.5 

.10 
4.0 

.00 
.00
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Expanded output for code testing not selected 

Total number of hours of data processed = 157800 
Hours of missing data - 5984 
Hours direction in window 31685 
Hours elevated plume w/ dir. in window 0 

Hours of calm winds = 23387 
Hours direction not in window or calm = 96744 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL 
AVER. PER. 1 2 4 

96 168 360 720 
UPPER LIM. 1.00E-03 1.OOE-03 1.00E-03 1.  

1.00E-03 1.00E-03 1.00E-03 1.00E-03 
LOW LIM. 1.00E-07 1.00E-07 1.OOE-07 1.  

1.00E-07 1.00E-07 I.00E-07 1.OOE-07 

ABOVE RANGE 0. 0. 0.  
0. 0. 0. 0.  

IN RANGE 55072. 70302. 85858.  

BELOW RANGE 0. 0. 0.  
42. 0. 0. 0.  

ZERO 96744. 80395. 62770.  
215. 0. 0. 0.  

TOTAL X/Qs 

% NON ZERO 36.28 46.65 57.77 
99.85 100.00 100.00 100.00 

95th PERCENTILE X/Q VALUES 
5.92E-04 5.57E-04 4.87E-04 4.  

1.80E-04 1.58E-04 1.39E-04 1.26E-04 

95% X/Q for standard averaging intervals 

0 to 2 hours 5.92E-04 
2 to 8 hours 3.92E-04 
8 to 24 hours 1.95E-04 
I to 4 days 1.48E-04 
4 to 30 days 1.18E-04

8

OOE-03 

OOE-07 

0.  

0.  

43042.  

70.28

12

1. OOE-03 

1. OOE-07 

0.  

0.  

32299.  

78.18

24 

1. OOE-03 

1.00E-07 

0.  

0.  

14674.  

89.99

42E-04 3.66E-04 2.77E-04

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

9.03E-04 
5.66E-04

MIN X/Q 
1. 21E-04 
7. 58E-05
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Program Title: ARCON96. (1/8 Building Area) 

Developed For: U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management 

Date: June 25, 1997 11:00 a.m.  

NRC Contacts: J. Y. Lee Phone; (301) 415 1080 
e-mail: jyll@nrc.gov 

J. J. Hayes Phone: (301) 415 3167 
e-mail: jjh@nrc.gov 

L. A Brown Phone: (301) 415 1232 
e-mail: lab2anrc.gov 

Code Developer: J. V. Ramsdell Phone: (509) 372 6316 
e-mail: j.ramsdell@pnl.gov 

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, expressed or implied, or assumes any legal 
liability or responsibilities for any third party's use, or the results of such 
use, of any portion of this program or represents that its use by such third 
party would not infringe privately owned rights.  

Program Run 12/15/2000 at 13:19:17 

******* ARCON INPUT * 

Number of Meteorological Data Files = I 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET 

Height of lower wind instrument (m) = 9.7 
Height of upper wind instrument (m) = 46.4 
Wind speeds entered as miles per hour 

Ground-level release 
Release height (m) = 20.7 
Building Area (m^2) = 218.1 
Effluent vertical velocity (m/s) = .00 
Vent or stack flow (m^3/s) - .00 

Vent or stack radius (m) - .00 

Direction .. intake to source (deg) 060 
Wind direction sector width (deg) 90 
Wind direction window (deg) = 015 - 105 
Distance to intake (m) = 96.5 
Intake height (m) - 14.3 
Terrain elevation difference (m) = .0 

Output file names 
wbsgtr4c.log 
wbsgtr4c.cfd 

Minimum Wind Speed (m/s) - .5 
Surface roughness length (m) - .10 

Sector averaging constant = 4.0 

Initial value of sigma y .00 
Initial value of sigma z .00
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Expanded output for code testing not selected 

Total number of hours of data processed = 157800 
Hours of missing data = 5984 
Hours direction in window = 31685 
Hours elevated plume wI dir. in window = 0 
Hours of calm winds 23387 
Hours direction not in window or calm 96744 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL
AVER. PER.  

96 168
1 

360
2 

720
4

UPPER LIM. 1.OOE-03 1.00E-03 1.OOE-03 
1.00E-03 1.00E-03 1.OOE-03 1.OOE-03 

LOW LIM. 1.00E-07 1.00E-07 1.00E-07 
1.00E-07 1.00E-07 1.00E-07 1.00E-07 

ABOVE RANGE 0. 0. 0.  
0. 0. 0. 0.  

IN RANGE 55072. 70302. 85858.  

BELOW RANGE 0. 0. 0.  
26. 0. 0. 0.  

ZERO 96744. 80395. 62770.  
231. 0. 0. 0.  

TOTAL X/Qs 

% NON ZERO 36.28 46.65 57.77 
99.84 100.00 100.00 100.00 

95th PERCENTILE X/Q VALUES 
5.97E-04 5.61E-04 4.91E-04 

1.81E-04 1.58E-04 1.40E-04 1.27E-04 

95% X/Q for standard averaging intervals 

0 to 2 hours 5.97E-04 
2 to 8 hours 3.94E-04 
8 to 24 hours 1.96E-04 
1 to 4 days 1.49E-04 
4 to 30 days 1.18E-04

8

1.00E-03 

1. 00E-07 

0.  

0.  

43042.  

70.28

12

1. 00E-03 

1. 00E-07 

0.  

0.  

32299.  

78.18

24 

1.00E-03 

1. 00E-07 

0.  

0.  

14674.  

89.99

4.45E-04 3.69E-04 2.79E-04

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

9.17E-04 
5.75E-04

MIN XIQ 
1.22E-04 
7.67E-05
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Program Title: ARCON96. (No Building Area)

U.S. Nuclear Regulatory Commission 
Office of Nuclear Reactor Regulation 
Division of Reactor Program Management

June 25, 1997

NRC Contacts: J. Y. Lee 

J. J. Hayes 

L. A Brown 

Code Developer: J. V. Ramsdell

11:00 a.m.

Phone: (301) 415 1080 
e-mail: jyll~nrc.gov 
Phone: (301) 415 3167 
e-mail: jjh@nrc.gov 
Phone: (301) 415 1232 
e-mail: lab2@nrc.gov 

Phone: (509) 372 6316 
e-mail: jramsdell@pnl.gov

Code Documentation: NUREG/CR-6331 Rev. 1 

The program was prepared for an agency of the United States Government. Neither 

the United States Government nor any agency thereof, nor any of their 

employees, makes any warranty, expressed or implied, or assumes any legal 

liability or responsibilities for any third party's use, or the results of such 

use, of any portion of this program or represents that its use by such third 

party would not infringe privately owned rights.  

Program Run 12/15/2000 at 13:19:54 

******* ARCON INPUT * 

Number of Meteorological Data Files = 1 
Meteorological Data File Names 

C:\ARCON96\METDATA\WBNP.MET

Height of lower wind instrument (m) = 
Height of upper wind instrument (m) = 
Wind speeds entered as miles per hour

9.7 
46.4

Ground-level release 
Release height (m) 
Building Area (m^2) 
Effluent vertical velocity (m/s) 
Vent or stack flow (m^3/s) 
Vent or stack radius (m) 

Direction .. intake to source (deg) 
Wind direction sector width (deg) 
Wind direction window (deg) 
Distance to intake (m) 
Intake height (m) 
Terrain elevation difference (m) 

Output file names 
wbsgtr4d.log 
wbsgtr4d.cfd 

Minimum Wind Speed (m/s) 
Surface roughness length (m) 
Sector averaging constant

Initial value of sigma y

- 20.7 
- .0 
- .00 
= .00 
= .00

060 
90 

015 - 105 
96.5 
14.3 

.0

.5 

.10 
4.0 

.00 

.00

Developed For:

Date:

T-it-i-l value of si-a z
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Expanded output for code testing not selected 

Total number of hours of data processed 157800 
Hours of missing data - 5984 
Hours direction in window = 31685 
Hours elevated plume w/ dir. in window = 0 
Hours of calm winds = 23387 
Hours direction not in window or calm = 96744 

DISTRIBUTION SUMMARY DATA BY AVERAGING INTERVAL
AVER. PER.  

96 168
1 

360
2 

720
4

UPPER LIM. 1.OOE-03 1.00E-03 1.00E-03 
1.OOE-03 1.OOE-03 1.OOE-03 1.00E-03 

LOW LIM. 1.00E-07 1.00E-07 1.00E-07 
1.00E-07 1.OOE-07 1.OOE-07 1.00E-07 

ABOVE RANGE 8. 2. 0.  
0. 0. 0. 0.  

IN RANGE 55064. 70300. 85858.  

BELOW RANGE 0. 0. 0.  
0. 0. 0. 0.  

ZERO 96744. 80395. 62770.  
257. 0. 0. 0.  

TOTAL X/Qs 

% NON ZERO 36.28 46.65 57.77 
99.82 100.00 100.00 100.00 

95th PERCENTILE X/Q VALUES 
6.38E-04 5.87E-04 5.20E-04 

1.90E-04 1.67E-04 1.44E-04 1.30E-04 

95% X/Q for standard averaging intervals 

0 to 2 hours 6.38E-04 
2 to 8 hours 4.10E-04 
8 to 24 hours 2.07E-04 
1 to 4 days 1.55E-04 
4 to 30 days 1.21E-04

8

1.00E-03 

1. OOE-07 

0.  

0.  

43042.  

70.28

12

1. 0OE-03 

1.00E-07 

0.  

0.  

32299.  

78.18

24 

1. 00E-03 

1.. O0E-07 

0.  

0.  

14674.  

89.99

4.67E-04 3.88E-04 2.94E-04

CENTERLINE 
SECTOR-AVERAGE 

NORMAL PROGRAM COMPLETION

HOURLY VALUE RANGE 
MAX X/Q 

1.73E-03 
1. 08E-03

MIN X/Q 
1.35E-04 
8.47E-05



STONE & WEBSTER ENGINEERING CORPORATION A~tr4r0A"T" 7, 
5010.65 CALCULATION SHEET - ý.  

CALCULATION IDENTIFICATION NUMBER 

JOB ORDER NO. DISCIPLINE ICALCULATION NO. REVISION NUMBER P AG E 
13090.0100 WM(B) 001 0 65 OF 68 

RESULTS 

The X/Qs values for all release-receptor combinations as a function of building cross-sectional area are 
summarized below: 

X/Q (sec/m3) 

Release/Receptor Combination 0-2 hr 2-8 hr 8-24 hr 1-4 d 4-30 day 

1. Unit 1 VentlEmerg. CR Air Intake (LOCA) 
Full Bldg. Area 4.47E-4 2.81 E-4 1.21 E-4 9.36E-5 7.77E-5 

2. Unit 1 Vent/Normal CR Air Intake (LOCA) 
Full Bldg. Area 1.09E-3 9.50E-4 4.56E-4 3.09E-4 2.35E-4 
1/2 Bldg. Area 1.09E-3 9.59E-4 4.60E-4 3.09E-4 2.37E-4 
1/4 Bldg. Area 1.09E-3 9.72E-4 4.65E-4 3.10E-4 2.39E-4 
118 Bldg. Area 1.12E-3 9.78E-4 4.73E-4 3.10E-4 2.41E-4 
No Bldg. Area 1.29E-3 1.16E-3 5.55E-4 3.35E-4 2.64E-4 

3. Unit 2 Vent/Emerg. CR Air Intake (LOCA) 
Full Bldg. Area 8.28E-4 7.69E-4 3.90E-4 2.98E-4 2.17E-4 
1/2 Bldg. Area 8.28E-4 7.75E-4 3.94E-4 2.99E-4 2.18E-4 
1/4 Bldg. Area 8.63E-4 7.69E-4 4.01 E-4 2.99E-4 2.19E-4 
1/8 Bldg. Area 8.85E-4 7.73E-4 4.09E-4 3.00E-4 2.21 E-4 
No Bldg. Area 9.78E-4 9.08E-4 4.71 E-4 3.21 E-4 2,36E-4 

4. Unit 2 Vent/Normal CR Air Intake (LOCA) 
Full Bldg. Area 4.13E-4 3.54E-4 1.90E-4 1.43E-4 1.03E-4 

5. Unit I Stack/Emerg. CR Air Intake (SGTR) 
Full Bldg. Area 7.96E-4 4.68E-4 2.23E-4 1.78E-4 1.44E-4 
1/2 Bldg. Area 8.01 E-4 4.70E-4 2.23E-4 1.79E-4 1.44E-4 
1/4 Bldg. Area 8.07E-4 4.72E-4 2.25E-4 1.80E-4 1.45E-4 
1/8 Bldg. Area 8.15E-4 4.75E-4 2.27E-4 1.81 E-4 1.45E-4 
No Bldg. Area 8.96E-4 5.16E-4 2.47E-4 1.95E-4 1.55E-4 

6. Unit 1 Stack/Normal CR Air Intake (SGTR) 
Full Bldg. Area 4.03E-3 3.35 E-3 1.54E-3 1.05E-3 8.81E-4 

7. Unit 2 Stack/Emerg. CR Air Intake (SGTR) 
Full Bldg. Area 2.60E-3 2.16E-3 1.02E-3 6.96E-4 5.71E-4 
1/2 Bldg. Area 2.60E-3 2.17E-3 1,02E-3 6.97E-4 5.73E-4 
1/4 Bldg. Area 2.61 E-3 2.18E-3 1.02E-3 6.99E-4 5.74E-4 
1/8 Bldg. Area 2.62E-3 2.19E-3 1.03E-3 7.01 E-4 5.76E-4 
No Bldg. Area 2.87E-3 2.46E-3 1,14E-3 7.55E-4 6.22E-4 

8. Unit 2 Stack/Normal CR Air Intake (SGTR) 
Full Bldg. Area 5.85E-4 3.89E-4 1.93E-4 1.47E-4 1.17E-4 
1/2 Bldg. Area 5.87E-4 3.91E-4 1.93E-4 1.47E-4 1.17E-4 
1/4 Bldg. Area 5.92E-4 3.92E-4 1.95E-4 1.48E-4 1.18E-4 
1/8 Bldg. Area 5.97E-4 3.94E-4 1.96E-4 1.49E-4 1.1 8E-4 
No Bldg. Area 6.38E-4 4.10E-4 2.07E-4 1.55E-4 1.21 E-4
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CONCLUSIONS 

The results of the building area sensitivity analysis clearly show very little effect of building cross-sectional 
area on the calculated XIQ values. This outcome indicates that the low wind speed plume meander effect 
accounted for in the ARCON96 methodology is the dominant factor in these X/Q calculations and that the 
selection of building cross-sectional area is not critical to this calculation.  

In addition, the review of the building wake effect literature (Refs. 10-15) revealed that field and wind tunnel 
studies did not specifically address the issue of the release location relative to the obstructing building as it 
pertains to the fraction of cross-sectional area disrupting the wind flow. These studies focused on 
developing analytical expressions that account for the enhanced turbulence generated by the entire building 
cross-sectional area disrupting the wind flow. Furthermore, the ARCON96 documentation (Ref. 1) does not 
provide any guidance in selecting partial building areas as input to the analysis, implying that only full building 

areas should be used if they can reasonably be assumed to effect the dispersion of the release. In the case 
of Environmental Protection Agency (EPA) dispersion modeling practices, the EPA-approved Industrial 
Source Complex (ISC) dispersion model (Ref. 15) assumes that building wake effect is applicable to a stack 
emission that is located within Y2 times the lesser of the building height or maximum projected width.  
Applying this standard to the Watts Bar reactor building would result in a release, within approximately 65 

feet of the reactor building, being treated as effected by building downwash.  

Therefore, given the insensitivity of the calculated X/Q values to building cross-sectional area and the 
implication from the cited literature that the full reactor building area may be applicable to all releases, it is 
reasonable and conservative to apply the 1/8 reactor building area to Release/Receptor combinations 2, 3, 5, 
7, and 8. Therefore, the XIQ values selected for use in this calculation are as follows: 

X/Q (sec/m3) 

Release/Receptor Combination 0-2 hr 2-8 hr 8 1-4 day 4-30 day 

1. Unit 1 Vent/Emerg. CR Air Intake (LOCA) 
Full Bldg. Area 4.47E-4 2.81 E-4 1.21 E-4 9.36E-5 7.77E-5 

2. Unit 1 Vent/Normal CR Air Intake (LOCA) 
1/8 Bldg. Area 1.12E-3 9.78E-4 4.73E-4 3.10E-4 2.41 E-4 

3. Unit 2 Vent/Emerg. CR Air Intake (LOCA) 
1/8 Bldg. Area 8.85 E-4 7.73E-4 4.09E-4 3.OoE-4 2.21 E-4 

4. Unit 2 Vent/Normal CR Air Intake (LOCA) 
Full Bldg. Area 4.13E-4 3.54E-4 1.90E-4 1.43E-4 1.03E-4 

5. Unit 1 Stack/Emerg. CR Air Intake (SGTR) 
1/8 Bldg. Area 8.15E-4 4.75E-4 2.27E-4 1.81 E-4 1.45E-4 

6. Unit 1 Stack/Normal CR Air Intake (SGTR) 
Full Bldg. Area 4.03E-3 3.35E-3 1.54E-3 1.05E-3 8.81 E-4 

7. Unit 2 Stack/Emerg. CR Air Intake (SGTR) 
1/8 Bldg. Area 2.62E-3 2.19E-3 1.03E-3 7.01 E-4 5.76E-4 

8. Unit 2 Stack/Normal CR Air Intake (SGTR) 
1/8 Bldg. Area 5.97E-4 3.94E-4 1.96E-4 1.49E-4 1.18E-4
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"Wastrack, Kenneth G." <kgwastrack@tva.gov> on 0912912000 10:17:47 AM 

To: Steven VigeantlEnvironmental/SWEC@ SWEC WA ?S$1" p4- ' A
cc: "Berg, Marc C." <mcberg@tvagov>, "Pittman, Doyle E" <depittman2@tva.gov> , A ' 4,r A7
Subject ARCON96 Meteorological Data 

Steve, 

Here is the meteorological data we have produced from the watts Bar Nuclear 
Plant (WEN) meteorological tower. As we discussed, the data used in the WBN 
FSAR for 1/u calculations covers 1574-1993. However, the middle-level winds 
data were not collected for 1974-1975, so the data files do not include 
those years.  

<<metwbnp..zip>> <<format.txt>> 
metwbnp.zip -- meteorological data files in ARCON96 format 

(1976-1993).  
format.txt -- describes meteorological data files.  

Also, as you requested, here are the sensor heights for the data in the 
meteorological data files: 

Lower winds -- 9.7 meters 
Mid-level winds -- 46.4 meters 
Lower temperature -- 9.5 meters 
MfCd-level temperature -- 45.6 meters 

if there is any other information you need related the these files, please 
let me know.  

Thank you, 

Kenneth G. (Ken) Wastrack 
Tennessee Valley Authority 
Reservation Road, CEB 2A 
P. 0. Box 1010 
Muscle Shoals, AL 35662-1010 

(kgwastrackgtva.gov) 
(256) 386-3835 

I D- metwbnp.zip 
IDfo rmat.•tx
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R,,0format, txt 
File format for meteorological data files

Start End 
Column Column Length Field

6 
9 

12 
14 
19 
23 
26 
31 
35

5 
2 
3 
2 
3 
4 
2 
3 
4

Location identifier h.'to 7 o 7b 
Year 
Julian day (1-366) 
Hour (0-23) 
lower-level (10-meter) wind direction 
lower-level (10-meter) wind speed (mph) 
stability class (1-8) 
mid-level (46-meter) wind direction 
mid-level (46-meter) wind speed (mph)

Wind directions are entered in degrees.  
A north wind (wind from the north) is entered as 360.  
A south wind is entered as 180.  
Valid values are 1-360.  
Missing values are entered as 999.  

Wind speeds are entered to the nearest tenth of a reporting unit witho 
ut the decimal.  
A wind speed of 5.3 mph would be entered as 53, while a speed of 5 mph 

would be entered as 50.  
Missing values are entered as 9999.  

Atmospheric stability is entered as a number from 1 through 8.  
Stability is based on the following table 
(DT = difference between mid-level and lower-level temperatures in deg 
rees Celsius)

DT<=-1 .9 
-1.9<DT<=-l.7 
-I.7<DT<=-l.5 
-1.5<DT<=-0.5 
-0.5<DT<=+1.5 
+1.5<DT<=+4.0 

DT> +4.0 
LOST RECORD

Page 1

2 
8 
10 
13 
17 
20 
25 
29 
32

1 
2 
3 
4 
5 
6 
7 
8
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ENCLOSURE 2 

WATTS BAR NUCLEAR PLANT UNIT 1 

STEAM GENERATOR ALTERNATE REPAIR CRITERIA 
OUTSIDE DIAMETER STRESS CORROSION CRACKING (ODSCC) 

STEAM GENERATOR TESTING AND INSPECTION ISSUES



ENCLOSURE 2 

WATTS BAR NUCLEAR PLANT UNIT 1 

PROPOSED TECHNICAL SPECIFICATION CHANGE WBN-TS-99-014 

OUTSIDE DIAMETER STRESS CORROSION CRACKING (ODSCC) 

STEAM GENERATOR TESTING AND INSPECTION ISSUES 

TVA and NRC met to discuss two remaining issues associated with 

the inspection and testing of the steam generator tubes on 
July 17, 2000. The two concerns with the WBN program were the 

1) inspection program for dented tube support plate intersections 

and 2) validity of the pressurization rate affect on burst 
testing for the voltage based repair criteria. As a result of 

these remaining concerns, TVA has revised the responses to 

Question 1 and 2 of Enclosure 5, in TVA's letter dated 
September 18, 2000. These responses, which supersede those in 

the September 18, 2000, letter, are provided in the Attachment to 

this enclosure.  

As a result of the above referenced meeting, NRC had no further 

questions concerning the WBN inspection program for dented tube 

support plate intersections. TVA and NRC agreed upon the issues 

below as being the remaining concerns for the pressurization rate 

affect on tube burst testing. These issues as stated below were 

provided to TVA by an e-mail from the NRC WBN Project Manager on 
August 13, 2001.  

NRC Concerns 

1. We are concerned with specific aspects of the TVA study as 

follows: 

a) the representativeness of the trapezoidal shape part 
through wall flaws used for pressurization rate testing 
to the actual conditions of flaws in the ODSCC data 
base 

b) a lack of understanding of the configuration of 
threshold flaw profiles that would begin to demonstrate 
pressurization rate or foil reinforcement effects 

2a). TVA indicated that to address the first concern they would 
provide additional information in the TVA report that would 

include actual profiles in the ODSCC database for flaws that 

have either a maximum depth exceeding 90% or an average 
depth exceeding about 60%.  

2b). To assist the staff's review with respect to the second 
concern, TVA indicated they would provide the results of 

analyses that will give insights into the mechanistic causes 
under certain flaw profile conditions for the existence of 

pressurization rate or foil reinforcement effects.
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ENCLOSURE 2

WATTS BAR NUCLEAR PLANT UNIT 1 
PROPOSED TECHNICAL SPECIFICATION CHANGE WBN-TS-99-014 

OUTSIDE DIAMETER STRESS CORROSION CRACKING (ODSCC) 
STEAM GENERATOR TESTING AND INSPECTION ISSUES 

Response 

TVA has included the above concerns in Section 3 of the 
Westinghouse Report SG-01-07-003, "Pressurization Rate and Foil 
Strengthening Effects on the Burst Strength of Axially Degraded 
Steam Generator Tubing," dated July 2001 which is provided in 
Enclosure 3. The testing in the report in Enclosure 3 was 
performed specifically for TVA to assist in resolving these 
issues. The Westinghouse report also provides the technical 
discussion of the appropriateness of the trapezoidal shape to 
bound ODSCC flaws in the database and insights into the causes 
under certain flaw conditions. In addition, as requested at the 
July 17, 2001, meeting, TVA has provided in Enclosure 4, the EPRI 
Report 1001441, "Steam Generator Tubing Burst Testing Review."
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ENCLOSURE 2 

ATTACHMENT 

WATTS BAR NUCLEAR PLANT UNIT 1 

PROPOSED TECHNICAL SPECIFICATION CHANGE WBN-TS-99-014 

OUTSIDE DIAMETER STRESS CORROSION CRACKING (ODSCC) 

STEAM GENERATOR TESTING AND INSPECTION ISSUES 

[REVISED RESPONSE TO QUESTION 1 AND 2 IN TVA'S LETTER DATED 

SEPTEMBER 18, 2000, ENCLOSURE 5] 

QUESTION 1 

Section 3.b.3 of Attachment 1 to GL 95-05, in Enclosure 1, Table 

1, the licensee stated that "+Point (or equivalent) will be used 

for inspection of all dents >5 volts. Any indications found at 

such intersections with RPC [rotating pancake coil] should cause 

the tube to be repaired. If circumferential cracking or primary 

water stress corrosion cracking indications are detected, it may 

be necessary to expand the RPC sampling plan to include dents 

less than 5.0 volts." TVA has committed to perform RPC 

inspections of all intersections with dents greater than 2 volts.  

Based on experience with ODSCC at plants with dented support 

plate intersections, circumferential cracking has been observed 
in dents under 5 volts and at Sequoyah Unit 1, circumferential 
cracking has been observed in dents under 2 volts. For the staff 

to evaluate the Watts Bar dent inspection program in connection 

with this amendment, TVA will have to propose a program that will 

lead to inspection of dents for circumferential cracks in dents 

below 2 volts if their inspections indicate that circumferential 
cracking is occurring in dents above 2 volts. The proposed 
sampling and expansion program needs to be consistent with the 

inspection philosophy of the EPRI SG inspection guidelines.  

RESPONSE 1 

The hot leg dented tube support intersections with bobbin dent 

voltage greater than or equal to 2 volts will be inspected with a 

technique qualified to Appendix H of the EPRI Pressurized Water 

Reactor (PWR) Steam Generator Examination Guideline. The denting 

at WBN is mechanically induced, and is more correctly 
characterized as "dings." The majority are located near the edge 

of the support plate or just outside the support plate. The 

stresses are dramatically different than corrosion induced 
denting. The consequences of circumferential cracking at these 

dents are also different. No cracking has been identified in 
dented support plate intersections at WBN.  

The inspection plan for WBN's Unit 1 Cycle 4 outage includes 100% 

of hot leg dented intersections greater than or equal to 2 volts.  

This inspection is driven by industry experience, and includes 
159 intersections. If circumferential cracking is identified at 

WBN in a dented tube support plate intersection that is equal to

E2A-1



ENCLOSURE 2 

ATTACHMENT 

WATTS BAR NUCLEAR PLANT UNIT 1 

PROPOSED TECHNICAL SPECIFICATION CHANGE WBN-TS-99-014 

OUTSIDE DIAMETER STRESS CORROSION CRACKING (ODSCC) 

STEAM GENERATOR TESTING AND INSPECTION ISSUES 

2 volts, the inspection plan expands to hot leg dented 
intersections greater than or equal to 1.0 volts.  

QUESTION 2 

In recent information provided by Entergy in connection with an 

operational assessment for ANO-2, data was presented that calls 

into question the validity of the burst correlation developed for 

the voltage-based repair criteria. This data demonstrates that 

rapid burst pressure testing for tubes with ODSCC flaws exhibits 

a strong testing rate effect, i.e., an apparent strength much 

higher than would be found from quasi-static testing. The burst 

data developed for the voltage-based repair criteria contains 

tubes tested under very rapid pressurization. Therefore, the 

burst correlation relied upon for the repair criteria may also 

exhibit this effect. Structural integrity is governed by a 

requirement to demonstrate a margin of 3 to the normal operating 

differential pressure. Normal operating pressure is a steady 

state condition. Therefore, the margin is based on the same 

condition, rather than a rapidly changing pressure condition.  

TVA needs to address the preceding explanation and demonstrate 
how the governing margins are satisfied by their proposed repair 
criteria.  

RESPONSE 2 

Industry testing and analysis of this issue indicates that there 
is no measurable pressurization rate effect on the burst pressure 
of degraded steam generator tubing for pressurization rates 
between 200 psi/sec and 2000 psi/sec. The testing and analysis 
has shown that the burst correlation developed for the voltage 
based repair criteria is not effected by pressurization ramp 
rate. The industry changed the screening criteria for In-Situ 
testing and recommended that In-Situ tests be performed at a rate 
not exceeding 200 psi/sec with 2 minute hold times. This 
information was presented to the NRC Staff on July 17, 2001, and 
is documented in the EPRI Report 1001441, "Steam Generator Tubing 
Burst Testing Review," in Enclosure 4 and the Westinghouse Report 
SG-01-07-003, "Pressurization Rate and Foil Strengthening Effects 
on the Burst Strength of Axially Degraded Steam Generator 
Tubing," in Enclosure 3. Questions which the NRC Staff raised 
during the meeting are documented in the report in Enclosure 3.
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Pressurization Rate & Foil 
Strengthening Effects on the Burst Strength 

of Axially Degraded Steam Generator Tubing 

1.0 Introduction 

A series of burst tests were performed for the Tennessee Valley Authority (TVA) to resolve 

questions arising from apparently anomalous burst test results described in EPRI Report 1001441, 

Reference 1 (Effect of Pressurization Rate on Degraded Steam Generator Tubing Burst Pressure).  

The tests were conducted by E-Mech Technology for Westinghouse with the results of the test and 

analysis program reported in Reference 2. The text of this report is essentially a reproduction of 

the text of that reference. Conventional fast rate tests, typified by pressurization rates of about 

2000 psi/s, of steam generator tubing specimens with long, axial EDM slots having very deep 

sections led to measured burst pressures approximately 23% higher than observed in tests of 

nominally identical specimens tested at much slower rates of loading, Reference 1. This result was 

at variance with years of previous test data and the known effect of strain rate on the plastic flow 

properties of Alloy 600.  

Small amounts of time dependent deformation are apparent in tensile tests of Alloy 600 between 

room temperature and typical steam generator operating temperatures. Alloy 600 does exhibit an 

increase in plastic flow strength as strain rates are increased, as evidenced by a very low strain rate 

sensitivity exponent, Reference 1. However, a 23% difference in burst pressure, after geometry 

variations were normalized, is difficult to reconcile with the small effects of time or rate dependent 

deforrmtion observed in Alloy 600. Either a small amount of time dependent deformation, at the 

brink of instability, can dramatically influence the burst pressure of long cracks with very deep 

sections or the foil reinforced bladders used in the fast rate tests provided significant strengthening 

compared to the slow rate tests conducted without a bladder and foil sealing system. The potential 

for the presence of the reinforcing foil to influence the test results was identified in Reference 1.  

The next section presents results of fast rate burst tests of the same tubing and electrical discharge 

machined (EDM) slot geometry described in, Reference 1, but without a bladder and foil sealing 

system. This allowed direct comparison with previous slow rate tests under otherwise identical test 

conditions. When it became apparent that the 0.006 inch thick brass reinforcing foil had artificially 

strengthened tubes with sections of remaining wall thickness on the order 0.002 inches, another 

series of tests were performed to identify the degradation geometries where foil strengthening 

effects were an issue.  

This second series of tests focused on the validity of the bobbin voltage ARC burst test database.  

To minimize handling of pulled tube sections, conventional practice has been to insert a bladder 

and foil sealing system if it was suspected that fluid loss during testing would lead to test 

termination prior to reaching the burst pressure. Thus, some pulled tube specimens with deep 

crack locations were burst tested using a foil and bladder arrangement. If foil strengthening had 

occurred in these tests, then the bobbin voltage ARC burst test database would be confounded by 

artificial foil strengthening effects. A detailed statistical analysis of the database comparing results
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conducted at fast and slow rates by different laboratories found no evidence of such strengthening, 
Reference 1. However a systematic test program was conducted as a conservative measure.  

Section 3 presents burst tests results of specimens with axial EDM slots of various depths with and 

without foil reinforcement. The EDM length is limited to 0.75 inches, the thickness of a drilled 

tube support plate in Westinghouse Model 51 and D SGs, and the test specimen profiles have a 

central deep section to encourage stable throughwall tearing prior to final burst.

D:'\3PRI\PTW Burst Program\TVA Tests\ODSCC Rate Report.doe 6



2.0 Pressurization Rate Effects

The dotted line on Figure 2.1 illustrates the specified axial EDM slot profile, i.e., depth versus 

length, for the pressurization rate effect test specimens. This is the Type 14 profile described in 

Reference 1. The present test specimens were made from the same heat of Alloy 600 as used in 

earlier tests. The tubing OD is 0.75 inches with a wall thickness of 0.048 inches. The sum of yield 

and ultimate strengths at room temperature is 153.7 ksi. The EDM slot width was on the order of 

0.005 inches, as in previous tests of Type 14 specimens.  

Testing was performed using the system shown onFigure 2.2. Pressure was recorded as a function 

of time. Maximum pressures were reached in 2 to 4 seconds, leading to pressurization rates 

between 1000 to 2000 psi/sec. Figure 2.3 shows a typical pressure versus time plot. Since no 

bladder or foil was present, the onset of tearing through the wall thickness effectively ended the 

tests as the pump capacity was not sufficient to continue pressurization once a leaking through 

crack had developed. Continued pumping led to pressure spikes which could not be maintained as 

leakage occurred. These spike pressures were occasionally about 50 psi higher than the pressure at 

the onset of initial throughwall tearing and leakage. Continued pumping caused some degree of 

additional crack tearing shown by a decreasing pressure versus time history, see Figure 2.3.  

After initial pressurization testing, throughwall tearing developed but the crack openings were 

minimal. Figure 2.4 shows the EDM slot appearance after leakage had developed to terminate 

initial pressurization. At this point plastic liners, or bladders, without foil reinforcement, were 

inserted and the specimens were retested. The typical appearance after re-pressurization is shown 

in Figure 2.5. Throughwall cracking has developed along the full length of the EDM slot and the 

fish mouth opening is substantial. The burst pressure of a representative tube with a 1.42 inch 

long, 100% throughwall axial slot is estimated to be about 1830 psi. The pressures needed to 

develop 1.42 inch long, 100% throughwall cracking in the Type 14 specimens is approximately 

4000 psi. Obviously a burst appearance similar to that of Figure 2.5 signifies that the maximum 

pressure required to create this condition is the burst pressure. Crack extension into full thickness 

material is not a necessary condition to signify that the burst pressure has been reached, although it 

is a sufficient condition for steam generator tubing.  

In four of the six tests the maximum pressure attained before a burst condition was identified 

occurred during the initial pressurization where the post test appearance was essentially identical 

to that of Figure 2.4. Bursting of tubes with axial partial depth slots or cracks is a two step process.  

Tearing through the wall thickness occurs first, followed by tearing down the axial length. Either 

of these steps may be limiting in terms of the pressure required. In Type 14 EDM profiles, tearing 

through the wall is the limiting step that essentially determines the burst pressure. In re
pressurization tests, only two of the six tests showed small pressure increases, 25 psi in one case 

and 134 psi in the other, compared to the initial pressurization results. The burst pressures reported 

in Table 2.1 are the maximum pressures attained up to the point where a burst condition was 

identified with certainty.  

In order to account for degradation geometry variations from one specimen to another, crack depth 
profiles were measured via scanning electron microscope (SEM) fractography. The measured 
profiles are presented in Appendix A. Figure 2.1 shows that measured profiles were reasonably
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consistent with the specified machine drawings. Using measured profiles, effective structural 
lengths and depths were determined using the procedure specified in the EPRI Flaw Handbook, 
Section 5.1.5, Reference 10. Burst pressures were then calculated using Equation 5-14 of this 
same section, i.e., 

PB = 0-5 8(S, + S,-J 0l'- L-- h• (1) 

where PB = the calculated burst pressure, 
Sy = the yield strength of the material, 

St = the ultimate strength of the material, 
t = the thickness of the tube, 

RP. = the inside radius of the tube, 
L = the length of the slot or crack, and, 
h = the relative depth of the slot or crack (depth divided by thickness).  

Equation (1) should be used for EDM slotted specimens. Equation 5-11 of the Flaw Handbook, 

obtained from equation (1) by replacing the "1.0" constant by "1.104", is not appropriate because 

it includes ligament strengthening effects between adjacent and overlapping crack segments in 

pulled tubes which are not present in the Type 14 EDM profiles.  

Any degradation geometry differences are normalized by examining ratios of measured to 

calculated burst pressures. Table 2.2 compares present results with the previous data.  

Here it is seen that fast and slow rate tests without foil reinforcement provide the same burst 

pressure. The anomalous results in Reference 1 for fast rate tests are evidently due to a foil 

strengthening effect. Figure 2.6 and Figure 2.7 graphically illustrate that fast and slow rate tests of 

Type 14 specimens provide identical results if the test conditions are otherwise identical. Any 

pressurization rate effect is below detectable levels. Figure 2.6 compares the measured maximum 

pressure to the calculated maximum pressure using equation (1) above. Figure 2.7 compares the 

cumulative distribution function (CDF) of the results of each of the test groups. It is evident that 

the CDF of the results of tests performed at a slow rate with no foil is identical to the results from 

tests performed fast with no foil. Thus, the presence of a long EDM slot with very deep locations 

and a reinforcing foil led to high burst pressures measured for the Type 14 specimens. It is evident 

that the 0.006 inch thick reinforcing foil and the local remaining wall thickness of 0.002 inches led 

to strengthening effects more pronounced than had been experienced in the past for other axial 

crack or slot geometries. The next section describes a series of tests conducted to evaluate the foil 

strengthening effects.
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Table 2.1 
Measured Burst Pressures for Type 14 Specimens 

Fast Rate Tests Without Foil Reinforcement

Specimen Burst Pressure 

Identification (psig) 

WAT-14-001 4074 

WAT- 14-002 4260 

WAT-14-003 4113 

WAT-14-004 4025 

WAT-14-005 4683 

WAT-14-006 3892

Loading Condition Mean Standard 
Deviation 

Fast w/Foil 121.2% 9.1% 

Slow w/o Foil 97.6% 4.2% 

Fast w/o Foil 97.3% 4.2%
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Figure 2.1: Type 14 EDM Axial Slot Specimen Depth Versus Length Profile, 

Dotted Line is Specified Drawing, Solid Line is Post Test Measured Profile
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(a) Data Acquisition System

(b) Pumping System

(c) Test Chamber 

Figure 2.2: Burst Test System Components
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Sample ID: WAT-14-001
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Figure 2.3: Initial Pressurization Curve for Specimen WAT- 14-00 1
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Figure 2.4: Post Test Appearance After Initial Pressurization to 4049 psi

Figure 2.5: Post Test Appearance After Re-pressurization to 4074 psi
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Type 14 EDM Specimens with SEM Profiles 
Slow & Fast Loading Rate Tests
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Figure 2.6: Comparison of Type 14 Burst Pressure Test Results 
as a Function of Test Conditions
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CDF of Measured to Predicted Ratio
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Figure 2.7: Comparison of Type 14 Burst Pressure Normalized Test Results 

as a Function of Test Conditions
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3.0 Foil Strengthening Effects

If it is assumed that the anomalous fast rate test results of Reference 1 have been demonstrated to 
be due to a foil strengthening effect rate rather than a pressurization rate effect, the remaining 
question is to identify the degradation geometries where foil strengthening effects may have 
confounded previous burst test data. In particular, some pulled tube sections with deep cracks were 
tested with a bladder and foil insert in order to minimize handling. A bladder and foil insert 
eliminates the possibility of retesting due to leakage prematurely terminating a burst test. The 
primary focus of the systematic program test program described in this section is the validity of 

the bobbin voltage ARC burst test database. As noted earlier, a detailed statistical analysis of the 
database found no evidence of foil strengthening confounding the burst test data. In fact, the 
results of the analysis demonstrated that it was unlikely that there was any difference in the 
populations from which the data in the data sets were drawn. In order to check this finding, a 
systematic test program was conducted to obtain direct evidence regarding potential effect(s).  

Destructive tests of SG tubes were conducted to examine the burst pressure as a function of axial 
EDM slot depth using both foil and bladder inserts and no inserts. The EDM slot length was held 
constant at 0.75 inches. This length approximates the maximum expected crack length for axial 
ODSCC/IGA degradation at drilled tule support plates. The EDM slot profile is illustrated in 
Figure 3.1. The central deep section encourages throughwall crack tearing, i.e., in the radial 
direction, and stable tearing in the axial direction prior to final bursting of the tube. Pre-test 
analyses showed that the selected combination of EDM slot lengths and depth profiles offered the 
highest probability of observing foil strengthening effects. The selected EDM profile captures all 
of the significant geometric features of interest and, as discussed later in this section, is 
representative of the deep crack profiles of concern in the Bobbin ARC burst test database.  

The test material was mill annealed Alloy 600 tubing from heat NX9482. The tubing diameter is 

0.75 inches with a wall thickness of 0.043 inch. The EDM slot widths were on the order of 6 to 8 
mils. The certified mill test report (CMTR) of tensile properties indicated a sum of yield plus 
tensile strength equal to 153.1 ksi. Burst tests of unflawed sections of tubing led to an expected 
value of this sum of 155.8 ksi using the EPRI throughwall equation of Reference 3.  

The burst test system of Figure 2.2 was used for the foil and no foil series of burst tests. Crack 
opening displacements were measured as a function of pressure for a limited number of specimens 
using the stereo microscope and video system shown on Figure 3.2. Both mid-length EDM slot 
openings and slot tip displacements were recorded, but not during the same tests.  

The stereo microscope and video system was used to measure EDM slot profiles after burst 
testing. EDM slot lengths, both total and central deep section, were verified. Slot depths were 
measured at mid length and both slot tips. Typical slot depths were substantially less than nominal 
target values. The exceptions were the nominal 95% throughwall (TW) specimens, some of which 
exhibited very deep slots, approaching burn-through of the wall thickness. As in Section 2, EDM 
depth profiles were evaluated using Section 5.1.5 of the EPRI Flaw Handbook, Reference 10, to 
define effective structural depths and lengths. Burst pressure predictions were then calculated 
using equation (1) of this report. Since burst of a part-throughwall slotted tube is a two step 
process (radial tearing and axial extension) and the total slot length is 0.75 inches, no calculated
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burst pressure can be lower than the 100% TW limit for a 0.75 inch long crack. This value is 2985 

psi. The burst pressures of the nominal 95% TW and 100% TW EDM slots is controlled by the 

total length of 0.75 inches since tearing through the wall thickness is not the limiting step for these 

geometries.  

Five (5) replicates were used for each of the foil and no foil burst test configurations at nominal 

maximum depths of 70, 80, 90, 95 and 100% TW. Actual maximum depths ranges from 55.9% to 

100% TW. The large variation of actual depths compared to nominal depths made normalization 

of the results using the calculated burst pressures essential.  

Two final test details need to be mentioned. The test duration time was on the order of 30 seconds, 

which meam that the pressurization rates were on the order of 100 to 200 psi/sec. A typical 

pressure versus time curve is illustrated on Figure 3.3. The process for installing a foil reinforced 

bladder in a burst test specimen is illustrated on Figure 3.4. The foil used was brass with a 

specified thickness of 0.006 inches.  

All tests led to tearing through the wall thickness. All tests with foil reinforced bladders led to 

tearing of full thickness material beyond the EDM slot tips. This led to post-test appearances 

typified by Figure 3.5. Tests with no bladder or foil at nominal depths of 80% TW and less also 

experienced post burst test appearances typified by Figure 3.5. At a nominal depth of 90% TW, 

which corresponded to an actual depth of about 85% TW, radial tearing of the central depth 

portion of the slot occurred and the tests then terminated due to loss of pressurizing fluid. Figure 

3.6 illustrates a typical post-test appearance at this point. The length of 100% TW tearing is 

sufficient to demonstrate that retesting with a bladder will not demonstrate an increase in the 

pressure bearing capacity beyond the roughly 3300 psi already needed to create the throughwall 

tearing. This means that the burst pressure has been identified for this specimen. At nominal 

depths of 95% and 100% TW, testing with a foil reinforced bladder was required to reach the burst 

condition. Here, radial or throughwall tearing occurred at pressures well below the limiting burst 

pressure of 2985 psi for a 0.75 inch long, 100% TW EDM slot.  

The burst pressures, the maximum pressure bearing capacity of the degraded test section, of the 

specimens are summarized in Table 3.1. A burst condition could not be demonstrated, i.e., 

achieved, for some of the specimens without the use of a foil reinforced bladder, this is denoted by 

the term "NB", no burst, in the table.  

It is difficult to evaluate foil strengthening effects from Table 3.1. A graphical presentation is 

needed. Figure 3.7 shows a plot of measured versus calculated burst pressures. From this plot 

there is little if any systematic difference between the foil and the no foil burst data. In an 

alternative presentation, Figure 3.8 shows a plot of the measured to calculated burst pressure ratios 

as a function of maximum crack depth. Again there is scant evidence of foil strengthening but it 

could be argued there is about a 5% strengthening effect of the foil reinforcement at a maximum 

slot depth of about 90% TW. Slightly larger depths led to throughwall tearing and then a final 

burst pressure controlled by that of a 0.75 inch 100% TW slot. Just when a noticeable foil 

strengthening effect might be most obvious, none was evident.
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The ANL equation of Reference 4 for ligament tearing is

Pr = A0 where P0 = 0.598(S, + St ) '. (2) 

Here, P0 is the estimated burst pressure of a non-degraded tube. Relative to equation (1), R& in 

equation (2) is the mean radius of the tube. Owing to the slight change in constant to 0.598, the 

respective terms of both equations (1) and (2) give essentially the same result. The mp in equation 

(2) was originally derived as a stress intensity multiplying factor to account for the curvature of 

the tube. In that sense, it then becomes a burst pressure reduction factor relative to the non

degraded burst pressure. Reference 4 gives the expressions for calculating the value of mp as, 

= 1-ah 'where, cz=1+0.852h2(11 (3) 
m -1-h ' 

It should be noted that Reference 4 uses constant values of 0.595 and 0.9 in equations (2) and (3) 

respectively. The constants presented here give essentially the same results, but were derived from 

a separate evaluation of the original data. Now, the value of m is given by, 

m=0.614+0.386e-1."12 +0.433X where X = L (4) 

The non- dimension term, X, is usually referred to as the normalized crack length. In addition, the 

constants in equation (4) have been adjusted for a value of Poisson's ratio of 0.3, see Reference 5.  

Using the ANL equation for normalization of geometry differences does not lessen the degree of 

scatter. At very large depths both the Cochet and ANL equations are a bit optimistic in terms of 

calculated pressures. This is expected for EDM slots. It does not occur in pulled tubes where 

ligament strengthening effects of adjacent and overlapping crack segments occur. The evaluation 
of foil strengthening effects is not obscured by the choice of a normalizing equation to compensate 

for geometry differences. If the normalizing equation is inaccurate, the effect will be systematic.  
Here one is simply looking for a different behavior between foil and no foil burst tests.  

Another significant observation from Figure 3.8 is that a crack which tears to a length of 0.75 

inches and is completely throughwall does not have the same burst pressure as a crack which is 

initially 100% TW and 0.75 inches long. This is because the near tip plastic strain field about a 
tearing crack is different from the near tip plastic strain field of a stationary crack. The end result 

is that the crack tip opening displacement (CTOD) needed for the onset of crack tearing is larger 

than the CTOD needed to continue tearing. This is illustrated in Figure 3.9. From the present tests, 
the burst pressure of a 100% TW crack torn to a length of 0.75 inches is about 10% less than that 

of a 100% TW crack that is initially 0.75 inches long. With the current EDM profiles, the tearing 

portion of the crack front is only 50% TW when it reaches the maximum extent of the machined 

slot (because the depth at the ends of the EDM slots is initially about 50% TW). Hence, an even 

larger burst pressure reduction could be expected if tearing occupied the full wall thickness. While 

this has significant implications for the prediction of the axial extent of crack tearing as a function
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of pressure, it must be noted that this observation relevant for leak rate considerations rather than 

for burst pressure calculations.  

The basic conclusion of the foil strengthening test program is that foil strengthening effects do not 

confound the bobbin voltage ARC database. Present test data and previous statistical analyses of 

the database confirm this point. Foil strengthening effects may be an issue for very long cracks 

with short deep crack sections, similar to the Type 14 EDM profile, as discussed below. Any foil 

strengthening effects for crack geometries relevant to the Bobbin Voltage ARC database are 

essentially within the scatter of burst test data. Two final questions need to be addressed in support 

of the above basic conclusion. These are: 

(1) Are other 0.75 inch long profiles more prone to foil strengthening effects than the 

selected test profile?, and, 

(2) Why would a foil strengthening effect be present for the 1.42 inch long Type 14 EDM 

profile and not in the 0.75 inch long profiles?.  

The selected test profiles are representative of the deep crack profiles of interest in the Bobbin 

Voltage ARC burst test database. The profiles of interest are those with relatively low burst 

pressures and consequently high bobbin voltages. It is here where the foil strengthening effects, if 

they exist, would be expected to be most significant.  

ODSCC destructive examination depth profiles in the ARC database were reviewed to verify the 

assumption that they could be adequately simulated by the trapezoid profile configuration for the 

current series of burst tests. Twenty (20) profiles from the review are included in this 

documentation. The review was limited to very deep (> 90% maximum depth), part-throughwall 

and throughwall profiles of significant length, including the longest indications in the database.  

Table 3.2 provides a summary of the 20 profiles and plots of each profile are shown in 

Appendix B.  

The figures in Appendix B include the following profile features: 

"* Long indications > 0.65": Figures B-4, B-13, B- 14, B- 15, B- 16, B- 17, and B-18.  

The total length for the indication in Figure B-8 is long but includes a shallow tail 

about 0.1" long.  

"* Bathtub shape indications (near uniform, deep depths): Figures B- 13 and B- 19; only 

found in model boiler specimens.  

"• Double hump (two deeper sections separated by a shallower section) indications: 

Figures B-i, B-12 and B-18.  

The pulled tube specimens all tend toward a trapezoidal crack shape although the deepest section 

may be closer to one end of the flaw (Figures 3 and 9, for example). Table 3.2 identifies the length 

for which the indication is > 85% deep or the length spanning 85% depth for the double hump 

specimens. A depth of 85% is used as a summary indication characteristic to represent a depth 

typical of ligament tearing depths for indications near burst margin requirements. The longest
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pulled tube indications, such as found in Plant L and shown in Figures B- 16 to B- 18, have short 

deep segments of the indications. As the throughwall length increases, the length above 85% 

would of course increase as shown for the indication in Figure B-3. Except for long throughwall 

indications, the length above 85% for the pulled tubes is typically 0.2 to 0.3 inch for indications 

with maximum depths > 90%. In contrast, the ANO-2 type 14 indication has a length of about 0.6 

inch averaging about 85% depth and an overall length of about 1.3" > 60% deep to support longer 

ligament tearing lengths.  

Figure B- 12 is a near uniform throughwall indication with a short length between the throughwall 

segments to form a double hump specimen that would burst at a pressure comparable to that of a 

bathtub flaw. The model boiler specimen profiles of Figures B- 13 and B- 19 represent bathtub 

shaped indications. The specimen profile on Figure B- 19 is near throughwall over most of the 

indication length. The specimen profile on Figure B-13 has a long throughwall segment with the 

remaining length near throughwall. For the bathtub indication shape, the lengths outside the deep 

shape are short such that ligament tearing would not open a longer flaw and the burst pressures 

would tend to approach the burst pressures of a throughwall indication of comparable length.  

It is concluded that the ARC database indications may predominantly be simulated by trapezoidal 

shapes such as used in the burst test program of this report. A central deep section is included with 

depths from 55% TW to 100 %TW. The deep section length is 0.25 inches. This is a good match 

to the profiles of interest in the database. Furthermore, calculations for various lengths of the 

central deep section show that a length of this order is required to simulate the condition where 

crack tearing begins at less than the burst pressure of a 100 % TW crack of length 0.75 inches.  

Here, foil strengthening could elevate the burst pressure past the limiting 0.75 inch throughwall 

burst pressure. This situation would be easily noticeable. Figure 3.10 shows a plot of calculated 

burst pressures versus maximum depth for central section lengths of 0.25, 0.125 aid 0.0 inches 

with a constant total length of 0.75 inches and a sidewall depth of 50% TW. The horizontal line is 

the burst pressure for a 100% TW EDM slot over the total 0.75 inch length. The selected test 

profiles span the test conditions of most interest.  

An analysis of foil strengthening effects was performed assuming that the foil acts as a friction 

patch providing a closure force across the EDM slot. With a plastic collapse mode of failure, the 

effect of the friction will be to elevate the burst pressure by a ratio that is independent of crack 

length and depth, i.e., the percentage increase in burst pressure will be constant regardless of the 

degradation geometry. The rationale for this conclusion is that the coefficient of friction between 

the foil and the tube should be constant, as would the foil width, and typical testing procedures 

require that the foil length be Scaled with the slot length. From this viewpoint it may be concluded 

that any systematic set of degradation geometry variations should be sufficient to identify a foil 

strengthening effect.  

For very deep cracks, the remaining ligament cannot deform to a large extent before tearing. If the 

strength of the ligament is not sufficient to limit the opening it must tolerate before a complete 

plastic collapse condition is attained, then early ligament failure will occur. This can trigger a final 

burst. The slot or crack opening that a ligament can tolerate scales with its size. Figure 3.11 shows 

a plot of pressure versus slot opening for a partial depth EDM slot with a total length of 0.75
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inches and a minimum remaining ligament of about 0.019 inches (45% TW). This ligament could 

open no more than 0.014 inches before tearing. Smaller ligaments will tear at much smaller 
openings. The opening forced upon a ligament is controlled by the crack length and ligament size.  

The ligament material provides a closure force opposing the crack or slot opening. Thus, larger 

ligaments can both tolerate larger openings and act to limit the opening that is applied. For 

example, the elastic opening at the center of a 100% TW crack in a flat plate varies proportional to 

the crack length. For a given applied stress, the remaining ligament of a long crack is forced to 

strain more than that of a short crack. The ligament in a short crack is, in effect, helped by the 

unflawed adjacent material experiencing relatively little deformation.  

The strengthening effect of a ligament does not increase as the opening increases. The ligament is 

fully plastic at very small openings. The only question is whether or not the contribution of 

ligament strengthening will continue as deformation elsewhere in the degraded region continues to 

develop. For a given ligament size (thickness), early ligament tearing is more prone to develop in a 

long crack than in a short crack. Thus, closure forces provided by a foil, the friction patch, can 

delay ligament failure leading to an increase in overall strengthening. The tendency for large 

openings in long cracks compared to short cracks makes the restriction of opening a more 

substantial factor for long cracks. The flat plate example above illustrates this increased tendency 

for opening. Bulging experienced by cracks or slots in shells greatly exacerbates this tendency for 

opening as a function of crack length by about an additional factor of 2 for the 1.42 inch long Type 

14 slot relative to that for a 0.75 inch long slot. When the factor of limited ligament opening prior 

to failure is considered (an elastic-plastic fracture mechanics viewpoint), larger foil strengthening 
effects are expected for long very deep partial depth EDM slots or cracks then for shorter cracks 
with the same ligament size.  

The observation of a possible very mild foil strengthening effect in 0.75 inch long slots and an 

implied much larger effect in the Type 14 EDM profile specimens is consistent with a slot length 

difference of nearly a factor of 2. This discussion plus earlier observations support the basic 

conclusion that foil strengthening effects do not confound the bobbin voltage ARC database.
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Table 3.1: Summary of "Foil" and "No Foil" Burst Test Results 

No Foil Foil 

Nominal Secimen Measured Measured Calculated Meas./Calc. Specimen Measured Measured Calculated Meas.ICalc.  

Max. Depth Number Max. Depth Burst Pressure Burst Pressure Ratio Number Max. Depth Burst Pressure Burst Pressure Ratio 

(% TW) (% TW) (psi) (psi) _ (% TW) (psiL) (psi) 
70 1 60,.8 6374 5946 1.072 6 63.4 5813 5653 1.028 

70 2 59.9 5833 6047 0.965 7 61.4 5981 5884 1.016 

70 3 60.5 6266 5972 1.049 8 57.6 6044 6190 0.976 

70 4 64 6113 5631 1,086 9 61.4 6310 5866 1.076 

70 5 59.9 6197 6032 1.027 10 55.9 6497 6392 1.016 

80 1 715 5 5032 5013 1.004 6 75.2 4855 4647 1.045 

80 2 67.1 5479 5376 1.019 7 69.7 4536 5092 0.891 

80 3 66.9 5273 5390 0.978 8 74.4 4600 4720 0.975 

80 4 68.6 4668 5197 0.898 9 75.5 4899 4649 1.054 

80 5 73.2 4850 51 95 0.934 10 74,. 4855 4738 1.025 

90 1 86.5 3327 3638 0.915 6 86.2 3577 3660 0.977 
90 2 84.4 3337 3796 0.879 7 86-4 1 3617 3663 0.987 

90 3 85.6 3499 3638 0,962 8 83 3980 3969 1.003 

90 4 80.4 3415 4040 0.845 9 82.1 3936 4050 0.972 

90 5 80.4 4270 4152 1.028 10 80.7 3740 41!85 0.894 
95 1 >95 NB 2985 NA 6 >95 2•673 2985 0.895 

95 2. >95 NB 2985 NA 7' 86.6 3587 3536 1.014 
95 3 87.2 3317 3485 0.952 8 >95 2801 2985 0.938 

95 4 >95 NB 2985 NA 9 87.1 3607 3494 1.032 

95 5 >95 NB 2985 NA 10 >95 2737 2985 0.917 
100 1 100 NB 2985 NA 6 100 2609 2985 0,874 

100 2 100 NB 2985 NA 7 100 2776 2985 0.930 

100 3 100 NB 2985 NA 8 100 2762 2985 0.925 

100 1 100 NB 2985 NA 9 100 2678 2985 0.91 
100 I 5__, 100 NB 2985 NA 10 100 2722 2985 0.912 

JR 100 2766 2985 0.927 
"XR" = retested with foil 2R 100 1 NB 2985 NA-

"NB" = No Burst 3R 100 2683 2985 0.899 

"NA" = Not Available 4R 100 2668 298 0894 
5R 100 2698 2985 0.904
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Table 3.2: ODSCC ARC Database Destructive Exam Data Examples - Pulled Tube and Model Boiler Data 

L Max. Avg.  

Figure Year Plant Row Col TSP Length Depth Depth Profile Description 
(inch) (%) (%) 

1 1993 R-i 9 76 2 0.400 91 66.7 Double hump over about 0.25" for >85% peak depths, trapezoidal shape 

2 1995 AA-1 16 42 3 0.330 97 74.4 Trapezoidal shape, 85% over about 0.2" 

3 1995 AA-1 42 44 3 0.520 98 74.1 Trapezoidal shape, 85% over about 0.3" 

4 1992 MAR 26 34 3 0.669 100 85.2 Long, trapezoidal shape, 85% over about 0.47" (TW 0.24") 

5 1993 R-1 9 91 2 0.462 100 80.2 Trapezoidal shape, 85% over about 0.27" (IW 0.09") 

6 1995 AA-1 27 43 3 0.590 100 75.0 Trapezoidal shape, 85% over about 0.27" (TW 0.1") 

7 1995 AA-1 42 44 5 0.530 99 57.5 Trapezoidal shape, 85% over about 0.2" 

8 1995 AA-1 41 65 5 0.686 100 63.0 Trapezoidal shape, 85% over about 0.3 (1W 0.27"), shallow 0.1" tail" 

9 1995 AB-1 3 107 3 0.590 100 68.2 Trapezoidal shape, 85% over about 0.25" (TW 0.13") 

10 1995 AB-1 20 7 3 0.602 100 72.0 Trapezoidal shape, 85% over about 0.28" (TW 0.24") 

11 1998 AC-i 18 100 3 0.637 100 69.3 Trapezoidal shape, 85% over about 0.2" (1W 0.05") 

12 3/4 MB 600-1 0.500 100 88.4 Double hump over about 0.45" (TW 0.31") for >85% peak depths 

13 13/4 MB 601-6 1 0.740 100 90.1 Long, bathtub flaw shape, 85% over about 0.6", TW about 0.37" 

14 3/4 MB 601-4 0.660 100 63.7 Long, 2 axials separated by ligament, one 85% (TW 0.25") over about 0.26" 

15 1995 A-1 28 35 1 0.696 96 63.0 Long, trapezoidal shape, 85% over about 0.2" 

16 L 8 69 1 0.855 98 59.5 Longest Indication, trapezoidal shape, 85% over about 0.1" 

17 L 8 66 1 0.750 96 54.4 Long, trapezoidal shape, 85% over about 0.05" 

18 L 12 70 1 0.783 97 59.9 Long, double hump, trapezoidal shape, about 0.26" for >85% peak depths 

19 7/8 MB 607-3 0.490 98 89.9 Bathtub flaw shape, 85% over about 0.41" 

20 17/8 MB 543-4 0.520 98 79.9 Trapezoidal shape, 85% over about 0.31"
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Figure 3.1: Schematic of EDM Slot Depth Profile
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(a)

(b) 

Figure 3.2: Stereo Microscope and Video Capture System
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Figure 3.3: Typical Pressure Versus time Curve

D:\[EPRI\PTW Burst Program\TVA Tests\ODSCC Rate Report.doc 26



Figure 3.4: Bladder and Reinforcing Foil Installation
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Figure 3.5: Post Test Appearance Illustrative of Tearing 
Beyond the EDM Slot Tips
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Figure 3.6: Post Test Appearance of Partial Tearing.  
The Combination of Specimen Appearance, Analysis and Maximum Test Pressure 

Demonstrated That the Burst Pressure Has Been Attained.
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Figure 3.7: Measured Versus Calculated Burst Pressures Showing No 
Evidence of Foil Strengthening
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Figure 3.8: Measured/Calculated Burst Pressure Ratio Versus Maximum Depth
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Figure 3.9: Appearance of the Crack Tip After 
Axial Crack Tip Tearing Has Developed 

(The brass foil liner is apparent in the picture.)
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Figure 3.10: Calculated Burst Pressure for Various Lengths of Central Deep Section, 

0.75 Inch Total EDM lot Length, 50% TW Sidewall Depth
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Figure 3.11: Pressure versus Slot Opening at Mid Length

0.015
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4.0 Summary & Conclusions

A series of degraded SG tube burst tests were performed to resolve questions arising from tlr test 

results discussed in Reference 1. As described in this report, conventional fast rate tests of steam 

generator tubing specimens with long, axial EDM slots having very deep sections led to measured 

burst pressures approximately 23% higher than observed in tests of nominally identical specimens 

tested at much slower rates of loading. This result was at variance with years of previous test data 

and the known effect of strain rate on the plastic flow properties of Alloy 600. The results from the 

tests described herein demonstrated that the foil reinforced bladders used in those fast rate tests 

provided significant strengthening compared to the slow rate tests conducted without a bladder 

and foil sealing system. A plausible technical argument based on the principles of solid and 

fracture mechanics has also been presented to explain the observed results.  

Given the observation of an instance of substantial foil strengthening beyond expectations, another 

series of tests were performed to identify the degradation geometries where foil strengthening 

effects were an issue. This second series of tests focused on the validity of the bobbin voltage 

ARC burst test database. Historically, some pulled tube specimens with deep crack locations were 

burst tested using a foil and bladder arrangement. A detailed statistical analysis of the database for 

those tests found no evidence of a strengthening effect. Recognizing the indirect nature of those 

results, a systematic test program was developed and conducted which provided direct verification 

of that conclusion.  

The results from the various testing programs lead to the following conclusions: 

1. There was no pressurization rate effect present in the results for the Type 14 specimens as 

discussed in Reference 1. Thus, there is no effect of pressurization rate on the measured 

burst pressure in the conventional testing range of 20 to 2000 psi/sec. (The strengthening 

effect observed in the results for the Type 14 specimens was likely due to the presence of 

the reinforcing foil for the bladder liner used during the tests.) 

2. The use of a foil reinforced bladder liner for specimens made to simulate degradation with 

a length of 0.75" has no significant effect on the burst pressure of the specimens.  

3. Foil strengthening effects have not confounded the bobbin voltage ARC database. It is 

noted that the potential for foil to influence the results for very long cracks with short deep 

sections, similar to the 1.4" long Type 14 EDM profile, was not a subject of investigation 

for this program. A hypothesis has been developed to explain the rationale for increased 

foil strengthening effects at longer crack lengths.  

In conclusion, the ODSCC ARC database is satisfactory for the purpose for which it was intended 

without additional consideration of the influence of extraneous factors on the reported results.
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Appendix A 

Measured Type 14 EDM Profiles
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Figure A-3 

WAT-14-003

10 0 

20'2 

70--60 !?4' 
50

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 

Length, Inches

0.0 0.1 1.4 1.5

Figure A-4 

WAT-14-004

100 

90 

80

0.

D:"EPRI\PTW Burst Program\TVA Tests\ODSCC Rate Report.doc

0.  e 
0

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 

Length, Inches

38



Figure A-5 
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Appendix B

Selected Crack Depth Profiles 
Bobbin Voltage ARC Database
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Figure B-I 

ODSCC ARC Destructive Exam Profile for R9C76, TSP 2
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Figure B-3

Figure B4

ODSCC ARC Destructive Exam Profile for R26C34, TSP 3 

100 

90 

80 

70 

60 Lnt .6 

50 

40Det 852 

301 

20

10 

0

Length 0.669 

Ma.  

Depth 100% 

Avg.  

Depth 85.2%

0.00 0.10 020 0.30 040 

Axial Length (in.)

D:\CPRI\PTW Burst Program\TVA Tests'ODSCC Rate Report.doc

70
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Figure B-5 

ODSCC ARC Destructive Exam Profile for R9C91, TSP 2
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ODSCC ARC Destructive Exam Profile for R27C43, TSP 3
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Figure B-7

Figure B-8
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ODSCC ARC Destructive Exam Profile for R42C44, TSP 5
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Figure B-9

Figure B-10 

ODSCC ARC Destructive Exam Profile for R20C7, TSP 3
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ODSCC ARC Destructive Exam Profile for R3C107, TSP 3 
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Figure B-11

Figure B-12

ODSCC ARC Destructive Exam Profile for Model Boiler Specimen 600_1
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Figure B-13 

ODSCC ARC Destructive Exam Profile for Model Boiler Specimen 6016

Figure B-14 

ODSCC ARC Destructive Exam Profile for Model Boiler Specimen 6014
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Figure B-15

Figure B-16 

ODSCC ARC Destructive Exam Profile for R8C69, TSP 1

D:'\BPRI\PTW Burst Program\TVA Tests\ODSCC Rate Report.doc

I-

90 

80 

70 

a.60 
Lnt .5 

30[ 

10 

10 

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 

Axial Length (in.)

Length 0.855 

Max.  
Depth 98% 

Avg.  

Depth 59.5%

48



Figure B-17

Figure B-18

ODSCC ARC Destructive Exam Profile for R12C70, TSP 1
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Figure B-19
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