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10 CFR 50.4 

ATTN:  Document Control Desk 
U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555-0001 

Browns Ferry Nuclear Plant, Units 1, 2, and 3 
Renewed Facility Operating License Nos. DPR-33, DPR-52, and DPR-68 
NRC Docket Nos. 50-259, 50-260, and 50-296 

Subject: Response to NRC Request for Additional Information Regarding 
Proposed Technical Specification Change to Revise the Leakage Rate 
Through MSIVs -TS-485 (TAC NOS. MF3124, MF3125, and MF3126)

References: 1. Letter from TVA to NRC, "Browns Ferry Nuclear Plant, Units 1, 2, and 3 - 
Proposed Technical Specification Change To Revise The Leakage Rate 
Through MSIVs–TS-485," dated November 22, 2013 (ADAMS Accession 
No. ML14015A403) 

 2. Electronic Mail from NRC to TVA, "Request for Additional Information for 
Browns Ferry AST," dated August 28, 2014 (ADAMS Accession No. 
ML14259A305) 

 3. Letter from TVA to NRC, “Response to NRC Request for Additional 
Information Regarding Proposed Technical Specification Change to 
Revise the Leakage Rate Through MSIVs -TS-485 (TAC NOS. MF3124, 
MF3125, MF3126, MF8124, MF8125, and MF8126), dated August 15, 
2014

 4. Electronic Mail from NRC to TVA, “Follow up RAI FOR BFN regarding 
TS 3.6.1.3, PRIMARY CONTAINMENT ISOLATION VALVES (PCIVs), 
TS-485. (MF3124, MF3125, and MF3126), dated September 9, 2014 
(ADAMS Accession No. ML14253A321) 

By letter dated November 22, 2013 (Reference 1), the Tennessee Valley Authority (TVA) 
submitted a license amendment request (LAR) for Browns Ferry Nuclear Plant (BFN), 
Units 1, 2, and 3, to revise the individual and total leakage rate through the main steam 
isolation valves (MSIVs). 
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Page 2 
September 30, 2014 

By electronic mail dated August 28, 2014, the Nuclear Regulatory Commission (NRC) 
transmitted a request for additional information (RAI) (Reference 2) from the Radiation 
Protection and Dose Consequence Branch (ARCB).  The due date for the response is 
September 30, 2014.  Enclosure 1 to this letter provides TVA’s response to the Reference 2 
RAIs.

Additionally, in Reference 3, TVA transmitted responses to RAIs provided by the Balance of 
Plant Branch (SBPB).  By electronic mail dated September 9, 2014, the SBPB Branch 
transmitted follow-up RAIs (Reference 4).  The due date for the response is 
September 30, 2014.  Enclosure 2 to this letter provides TVA’s response to the Reference 4 
RAIs.

There are six new regulatory commitments and one revised commitment contained in this 
submittal.  Please address any questions regarding this submittal to Mr. Edward D. Schrull 
at (423) 751-3850. 

I declare under penalty of perjury that the foregoing is true and correct.  Executed on this 
30th day of September 2014. 

Respectfully,

J. W. Shea 
Vice President, Nuclear Licensing 

Enclosures: 

 1. Response to NRC Request for Additional Information (ARCB Branch) 
2. Response to NRC Request for Additional Information (SBPB Branch) 
3. List of Commitments 

cc (Enclosures): 
NRC Regional Administrator – Region II 
NRC Senior Resident Inspector – Browns Ferry Nuclear Plant 
NRC Project Manager - Browns Ferry Nuclear Plant 
NRC Branch Chief - Region II 
State Health Officer, Alabama State Department of Health 

J. W. Shea
Digitally signed by J. W. Shea 
DN: cn=J. W. Shea, o=Tennessee Valley 
Authority, ou=Nuclear Licensing, 
email=jwshea@tva.gov, c=US 
Date: 2014.09.30 19:15:56 -04'00'
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TENNESSEE VALLEY AUTHORITY 
BROWNS FERRY NUCLEAR PLANT UNITS 1, 2, AND 3 

PROPOSED TECHNICAL SPECIFICATION CHANGE TO REVISE 
THE LEAKAGE RATE THROUGH MSIVS – TS-485 

DOCKET NOS. 50-259, 50-260, AND 50-296 
(TAC NOS. MF3124, MF3125, and MF3126). 

 
 

RESPONSE TO NRC REQUEST FOR ADDITIONAL INFORMATION (RAI) 
Radiation Protection and Consequence Branch (ARCB) 



ENCLOSURE 1 

 
E1-2 

 

RAI-1 
 
In the subject license amendment request, the licensee stated: 
 

The primary ALT [Alternative Leakage Treatment] Pathway, from the 
outboard side of the MSIVs through orifice lines to the condenser, does 
not satisfy the sizing requirements of NEDC-31858P.  Paragraph 
6.1.1(2) of NEDC-31858P states that the ALT flow path, based on the 
radiological dose methodology, should be at least one square inch in 
internal cross sectional area due to the orificed bypass lines. The 
actual internal cross sectional area of the orificed bypass line around 
FCV-1-58 is 0.0276 square inches.  However, the radiological dose 
analysis has been performed assuming the orificed pathway and 
demonstrated acceptable control room dose results and offsite dose 
results assuming the reduced MSIV leakage rates included in this LAR.  
The secondary ALT Pathway satisfies the sizing requirements of 
NEDC-31858 paragraph 6.1.1(2), but does not include orifices as 
describe in Section 5.3 of the NRC SER [Safety Evaluation Report] for 
NEDC-31858P (Reference 6) [ADAMS Accession Number 
ML010640286]. 

 
According to the above paragraph, the proposed change does not satisfy the sizing 
requirements of NEDC-31858P.  Provide the following additional details describing the ALT 
drain path and the basis for the functional reliability of the ALT pathways during a design 
basis accident as described in Title 10 of the Code of Federal Regulations, Section 50.67. 
 

a. Justify why the bypass line around FCV-1-58 is assumed to not plug for the duration 
of the accident.   
 

b. Provide information regarding the bypass line around the FCV-1-58 valve including 
the:  
 dimensions of the bypass line, the orifice in this line and the valve flow pathway 

(in the most closed position allowed during operations) 
 minimum flow length of the flow through the orifice and the valve flow pathway 
 range of flow velocities that could occur,  
 assumed gas viscosity of the accident leakage through the orifice,  
 time dependent distributions of density, mass and diameter of the aerosols in the 

accident leakage. 
 

Please justify any assumptions made regarding the information provided. 
 

c. Provide the same information requested in RAI-1b for any other orifices or valves in 
the primary or secondary ALT pathways with less than one square inch cross 
sectional area.   
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TVA Response: 
 
a. To ensure that the 0.1875-inch orifice is not obstructed during normal operation, the 

following conditions are taken into consideration: 
 

 TVA had previously committed to perform a radiography inspection during 
refueling outages to ensure flow through the 0.1875-inch orifice is not 
obstructed (Reference TVA letter to NRC, “Response to NRC Request for 
Additional Information Regarding Proposed Technical Specification Change to 
Revise the Leakage Rate Through MSIVs -TS-485,” dated August 15, 2014 
(ML14230A827)). 
 

 During power operations, there is a constant flow of steam through the 
0.1875-inch orifice. 
 

 The 0.1875-inch orifices, including the associated 1-inch bypass piping, in 
Units 1, 2 and 3 are chromium - molybdenum (Cr-Moly).  
 

 Carbon steel is susceptible to Flow Accelerated Corrosion (FAC) and erosion.  
The temperature of the main steam lines and main steam drain lines are 
much higher than the peak temperature range of 265°F to 355°F, where FAC 
is most active.  The rate of FAC is very low in the main steam lines and main 
steam drain lines because FAC does not occur in lines transporting dry or 
superheated steam and water flow is necessary to remove the protective 
oxide layer.  As a result, little, if any, FAC damage is experienced. 
 

 Materials containing chromium are resistant to FAC damage.  As 
documented in industry guidance, based on laboratory and plant experience, 
portions of systems made of low-alloy steel piping with nominal chromium 
content equal to or greater than 1.25% can be excluded from further FAC 
evaluation due to their relatively low level of susceptibility.  This exclusion 
pertains only to complete piping lines manufactured of FAC-resistant alloy.  
Therefore, the bypass around FCV-1-58, including the 0.1875-inch orifice, 
which are Cr-Moly alloy (SA335, Grade P11 or P22, which both grades 
contain chromium content equal to or greater than 1.25%) should not 
experience FAC damage for the life of the plant.  

 

Therefore, during pre-accident conditions, the 0.1875-inch orifices are not assumed 
to be obstructed. 
 
During the accident, the following conditions are taken into consideration: 
 

 There is no release of core inventory for 120 seconds. 
 

 MSIVs complete their closure time in five seconds. 
 

 Leakage through a single MSIV (under test conditions at 60 SCFH) is 
determined to have an equivalent orifice area of 9.53E-6 ft2 (0.0417 inch 
diameter). 
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 A single particle large enough to obstruct or plug the 0.1875-inch orifice 
would need to be less than or equal to 0.0417 inches thick by at least 
0.1875-inch long or at least 0.1875-inch wide.  Multiple smaller length and 
width particles would need to be less than or equal to 0.0417 inches 
thickness. 
 

 At accident conditions, with MSIVs closed, 127.2 cubic feet per hour (cfh) of 
saturated steam is calculated to flow through the bypass line around 
FCV-1-58.  The most restrictive component in this bypass line is the 
0.1875-inch orifice for any particles that could make it through the reactor 
pressure vessel steam separator and dryer components.  The flow velocity 
through this 0.1875-inch orifice is estimated to be 184.3 feet per second.  The 
flow velocity through the 1-inch bypass line is estimated to be 9.75 feet per 
second.  By comparison, assuming a total of 183.55 cfh flowing through one 
24-inch Main Steam line, the flow velocity is estimated to be 0.02 ft/second.  
The horizontal distance from the Outboard MSIVs to the 2-inch main steam 
drain line is approximately 68 feet.  The time required for particles to travel 
from the Outboard MSIVs to the 2-inch main steam drain line is 
approximately 0.9 hours. 
 

 The 26-inch MSIV body to valve seat interface (valve poppet) is 
approximately eight inches above the bottom of the inlet to the MSIV.  A 
particle(s) large enough to plug the 0.1875-inch orifice would need to travel 
up in elevation eight inches, move through a gap of 0.0417 inches, travel up 
in elevation another eight inches through the failed open MSIV (on the same 
main steam line), travel for 0.9 hours suspended in steam to reach the 2-inch 
MSL drain, travel through the 2-inch and 3-inch drain lines, travel up in 
elevation 0.9 inches to the 1-inch bypass line, travel up in elevation through 
the 1-inch BOV-1-525 and then travel up in elevation 0.4 inches to plug the 
0.1875-inch orifice. 
 

 Based on the 0.0417 inch maximum thickness particle size leaking through the 
closed MSIVs, the approximate one hour particle travel time and lack of potential 
corrosion products pre-accident in the above discussion, it is not considered credible 
for the bypass line around FCV-1-58 to plug during the accident. 

 
b. The bypass line around FCV-1-58 is a 1-inch schedule 160 pipe that contains a 

1-inch valve and a 0.1875-inch orifice.  The 1-inch valve, for Unit 1, is a T-pattern 
globe valve (BOV-1-525), Cr-Moly SA217 WC9, Flowserve Series 1878 or equal 
(Model 1878GB).  The 1-inch valves, for Units 2 and 3, are Hancock type 5500, 
600-lb, forged carbon-steel globe, ASTM A 105, Grade 2.  The orifice in the bypass 
line is made from 1-inch blank socket weld full coupling with a 0.1875 inch orifice.  
Consistent with AEB 98-03, the gas viscosity assumed is 1.93E-5 Pa-sec.  
Consistent with AEB 98-03, the assumed density range was 3.25 to 10.96 g/cm3 with 
a log-uniform distribution.  The assumed diameter range was from 1.5 to 5.5 µm with 
a uniform distribution.  The methodology from AEB 98-03 does not assume a time 
dependence or a mass distribution; therefore, the BFN analysis does not assume 
any time dependence or mass distribution. 
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 The minimum flow area, minimum flow length, and range of flow velocities that could 
occur for the bypass line, orifices, and valves are presented in the following table. 

 

Primary 
Path 

Inside 
Diameter 

(ID) 
Flow 
area 

Minimum 
flow 

length 

Accident 
conditions 

48.9% of MSIV 
leakage at 
127.2 cfh 

(ft/second) 

Accident 
conditions 

100% of MSIV 
leakage at 
260.05 cfh 
(ft/second) 

1 inch 
bypass line 

0.815 0.522 
square 
inches 

~6 feet 9.75 19.9 

0.1875 inch 
orifice 

0.1875 0.0276 
square 
inches 

0.5 inches 184.3 376.9 

Unit 1 Valve  No Data 
provided (1) 

Cv 8(1) ~6 inches No Data 
provided(1) 

No Data 
provided(1) 

Units 2 and 3 
Valves 

No Data 
provided (2) 

Cv 5.2(2) ~6 inches No Data 
provided(2) 

No Data 
provided(2) 

 
(1) A 1-inch Flowserve Series 1878 valve has a flow coefficient (Cv) of 8. 
 
(2) A 1-inch Hancock Type 5500 valve has a Cv of 5.2. 
 
c. The orifice in the Unit 1 bypass lines around FCV-1-168, FCV-1-169, FCV-1-170, 

and FCV-1-171 are made from 2-inch blank full coupling, Class 6000, CR-Moly, with 
a 0.25 inch orifice.  The orifice in the Units 2 and 3 bypass lines around FCV-1-168, 
FCV-1-169, FCV-1-170, and FCV-1-171 are made from 2-inch blank socket weld full 
coupling, ASTM A 234 Grade WPS, ASTM A 181 Grade 1, or ASTM A-105 6000 lb, 
with a 0.25 inch orifice.  Consistent with AEB 98-03, the gas viscosity assumed is 
1.93E-5 Pa-sec.  Consistent with AEB 98-03, the assumed density range assumed 
was 3.25 to 10.96 g/cm3 with a log-uniform distribution.  The assumed diameter 
range was from 1.5 to 5.5 µm with a uniform distribution.  The methodology from 
AEB 98-03 does not assume a time dependence or a mass distribution and as such, 
the BFN analysis does not assume any time dependence or mass distribution. 

 

 



ENCLOSURE 1 

 
E1-6 

 

 The minimum flow area, minimum flow length, and range of flow velocities that could 
occur for these orifices are presented in the following table. 

 

Primary 
Path 

Inside 
Diameter 

(ID) 
Flow 
area 

Minimum 
flow 

length 

Accident 
conditions 

48.9% of MSIV 
leakage at 
127.2 cfh 

(ft/second) 

Accident 
conditions 

100% of MSIV 
leakage at 
183.55 cfh 
(ft/second) 

0.25 inch 
orifice 

0.25 0.049 
square 
inches 

0.75 inches 25.9 149.8 
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RAI-2 
 
Identify and justify all changes from the current licensing basis (See Issue 1 of NRC 
Regulatory Issue Summary 2006-04, “Experience with Implementation of Alternative Source 
Terms” (ADAMS Accession No. ML053460347) for more details).   
 
TVA Response: 
 
Table 2 of Enclosure 1 of the LAR submittal contains the pertinent input data.  As discussed 
in the section titled “Dose Analysis Summary and Results,” the input that changed from the 
current licensing basis are items 8 through 12, 23, and 28, reflected below.  These are the 
only changes made from the current licensing basis (approved in Amendment 261 for Unit 1 
[ML062210458] and Amendments 263 and 233 for Units 2 and 3, respectively 
[ML003693000]).  Items 11 and 12 are consistent with the proposed TS change.  Item 28 is 
consistent with the proposed change in the primary ALT pathway.  The changes in items 8 
through 10, and 23 are solely due to the changes in items 11, 12 and 28.  It should also be 
noted that due to the input changes, the maximum 2-hour time period changed to 1-3 hours.  
This was outside the window of the fumigation time period determined based on maximizing 
the control room dose and so for the 2-hour Exclusion Area Boundary (EAB) results, the 
fumigation time period was moved to within the 1-3 hour time period to maximize the EAB 
results. 
 

# Description Value 
8 Volumetric Flowrate, Drywell to Main Condenser, cfm 0.363 
9 Volumetric Flowrate, Condenser to Environment, cfm 1.107 

10 
Volumetric Flowrate, Drywell to Turbine Building 
(Condenser Bypass), cfm 0.3788 

11 Combined MSIV Tested Leak Rate, scfh total 85 
12 Per Line MSIV Tested Leak Rate, scfh max per line 60 

23  Steam Line and Main Condenser Removal Efficiencies 
Aerosol 
Particles 

Elemental 
Iodine 

   Steam line   99.97 99.70 
   MC bypass   92.90 25.30 
28 Min Flow Area of Drainline Pathway, in2 0.0276 
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RAI-3 
 
Page E1-8 of the submittal states that valve FCV-1-57 will have its power removed to ensure 
it remains open.  

a. Is the power to be permanently removed?  If not, please explain when the power is to 
be removed. 

 
TVA Response: 
 
The motive power to FCV-1-57 will not be permanently removed.  In Modes 4 and 5, 
FCV-1-57, in association with the other drain line valves, may be required to change 
position, which would require motive power.  Therefore, FCV-1-57 will be verified to be open 
and the power will be removed prior to entry into Mode 3 from Mode 4.  In addition, TVA will 
ensure, through administrative means, that FCV-1-57 is open and that motive power is 
removed when the Unit is in Modes 1, 2, and 3. 
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RAI-4 
 
RAI-4 was deleted by the NRC staff.  
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RAI-5 
 
Regulatory Guide (RG) 1.183, "Alternative Radiological Source Terms for Evaluating Design 
Basis Accidents at Nuclear Power Reactors," dated July 2000 (ADAMS Accession No. 
ML003716792), Appendix A, Regulatory Position 6.3 states: 
 

Reduction of the amount of released radioactivity by deposition and plateout 
on steam system piping upstream of the outboard MSIVs may be credited, 
but the amount of reduction in concentration allowed will be evaluated on an 
individual case basis. 

 
The new analysis performed by the licensee credits deposition and plateout on steam 
system piping.  The analysis modifies the results of a report entitled Accident Evaluation 
Report (AEB) 98-03, “Assessment of Radiological Consequences for the Perry Pilot Plant 
Application Using the Revised (NUREG-1465) Source Term” (ADAMS Accession No. 
ML011230531), to account for the change in aerosol distribution that occurs in multiple 
control volumes in series.  
 
Follow-up studies performed by the NRC, since the AEB 98-03 study, investigated the effect 
of the changing aerosol distribution over space and time and indicate that the removal 
coefficients for aerosol deposition may be less than those used by the licensee (see 
“Analysis of Main Steam Isolation Valve Leakage in Design Basis Accidents Using MELCOR 
1.8.6 and RADTRAD,” Sandia Letter Report, SAND2008-6601, dated October 2008 
(ADAMS Accession No. ML083180196)).  Therefore, the NRC staff needs the following 
additional justification why the inputs and assumptions selected by the licensee 
appropriately account for the deposition of aerosols in the main steam line.   
 

a. Provide a justification for the inputs and assumptions used in the AEB 98-03 report for 
Browns Ferry. 
 

b. Larger (i.e., heavier) particles deposit more in the upstream volume, and therefore, 
the distribution of the aerosol that leaks to the subsequent volume is smaller (i.e., 
lighter) particles. This particle behavior leads to the conclusion that the choice of an 
effective settling velocity in any volume should account for the distribution of particle 
sizes in that volume.  Justify why the average settling velocity of the condenser is 
higher than the B2 volume up stream of the condenser. 
 

c. As described on page E10 of Attachment 6 of the license amendment request, the 
proposed removal coefficient of two steam line volumes in series are the same 
(the Volume B1 and Volume B2 removal coefficient are both 8.93 hr-1).  This is 
different than the current removal coefficient model provided in Attachment 6, 
page 19.  For the current model the removal coefficient of a downstream volume is 
smaller than the upstream volume (the Volume B1 removal coefficient is 8.93 hr-1 and 
the Volume B2 removal coefficient is 2.26 hr-1).   
 
An NRC review of the licensee’s calculation indicates that using the methodology 
provided by the licensee that the removal coefficient for volume B2 is overestimated 
on page E10.  In addition the overall removal efficiency for particles in this pathway is 
very high (i.e. 99.997% as stated on page E13).   
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Provide a justification for the modification of the AEB 98-03 report to account for the 
change in distribution that occurs in multiple control volumes in series and justify why 
this methodology is conservative.  Alternately, rather than providing this justification, 
you may provide the NRC staff an analysis of the consequences of the MSIV leakage 
pathway using the methodology developed in the SAND2008-6601 letter report.  

 
TVA Response: 
 

a. Other than the change in the amount of MSIV leakage through each volume, the 
inputs and assumptions are the same as those previously approved in the Safety 
Evaluation (SE) for TS-405 dated September 27, 2004 (ML042730028).  This was 
also discussed in TVA's response to RAI 5.d for TS-405 in the letter dated 
December 9, 2002 (ML023450147). 
 

 Further, the following considerations outlined in RIS 2006-04 have been accounted 
for: 
 
 The effective settling velocity in each volume accounts for the distribution of 

particle sizes in that volume.  Specifically, Volume B2 takes into account that 
larger particles would deposit in Volume B1 and so the particle distribution for 
Volume B2 is adjusted accordingly.  The particle distribution in the main condenser 
is also adjusted based on the particles that would deposit in Volumes A, B1 and 
B2.  

 The steam flow rate during the accident is accounted for by converting the TS 
leakage at the testing pressure to that which would be experienced during an 
accident.  Also, the flow rate is adjusted in each volume of the MSL for the 
expected pressure and temperature conditions.  Only horizontal sections of piping 
are credited.  This was noted in the SE for TS-405. 

 
b. Note that the current analysis has the condenser settling velocity larger than that in 

Volume B2.  This is due to the influence of Volume A.  The main condenser settling 
velocity is determined by adjusting the settling velocity distribution coming out of 
Volumes A and B2.  The median sedimentation velocity coming out of each volume 
was determined.  These velocities are then averaged according to what fraction of the 
particles reaches the condenser through each line.  Therefore, the distribution coming 
out of Volume A dominates this determination. 

 
c. The given values for Volume B2 are not correct, but they are not the values that were 

used or modeled.  TVA has entered this error into the corrective action program.  
Additionally, TVA will review the calculations associated with this LAR to determine 
whether similar issues exist and take actions required based on the review.  Correct 
values that were used in the calculation are λsed,B2 = 1.70 /hr and ηB2 = 79.4%.  As can 
be seen on pages E11, E13 and E14, in the original LAR package (Attachments 5 
and 6, Calculation NDQ099920010019, Appendix E), the 79.4% value was used for 
Volume B2 in determining overall removal efficiencies and not 96.9%.  Furthermore, 
Calculation NDQ099920010019 will be corrected and included in a supplement to this 
LAR. 
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 The methodology used in this LAR is the same as that previously approved for 
TS-405 (ML042730028).  As noted in the associated SE: 

 
“TVA assumes that one of the four inboard MSIVs fails to close.  Therefore, three of 
the steam lines have a closed space between the inboard and outboard MSIVs; all 
have the piping volume between the outboard MSIVs and the point at which the 
drain line path to the condenser connects to the steam line.  TVA assumes a 
maximum MSIV leakage of 100 scfh in the line with the failed inboard MSIV.  One 
of the other lines is assumed to leak at 50 scfh, and the other two lines are 
assumed not to leak.  This modeling is conservative as it minimizes deposition 
credit.  The TVA modeling assumes well-mixed control volumes.  Only the piping 
volumes associated with horizontal runs of MSL piping are included.  The amount of 
fission product aerosol deposition is derived from the methodology in Appendix A to 
NRC staff report AEB-98-03, Assessment of the  Radiological Consequences for 
the Perry Pilot Plant Application Using the Revised (NUREG-1465) Source Term.  
Particulate deposition in the main condenser was treated using the same approach 
as that for the steam lines.  The deposition of elemental iodine in the MSLs is 
determined using the NRC staff-accepted RADTRAD Bixler model.  Since the 
particulate deposition velocity in the condenser is less than the elemental iodine 
deposition velocity from SRP 6.5.2, TVA used the particulate deposition velocity.” 

 
 All of these statements are still valid except for the change in the MSIV leakage 

values.  
 

This methodology was discussed in more detail in the response to RAI 5.e. in the TVA 
letter dated December 9, 2002 (ML023450147). 

 
Comparison to SAND2008-6601: 
 
The table below shows the recommended values from the Sandia report compared to 
those assumed in the BFN analysis.  

 
SAND2008-6601 BFN 

 Removal Coefficients (1/hr) 0-2 hr 2-12 hr > 12 hr MSL B MSL A 
in-board 0 0 0 0 0 
between MSIVs (B1) 2.9 1.8 1 8.93 0 
out-board (B2) 1.3 1 0.7 1.703 9.79 
condenser 0.02 0.015 0.012 0.133 0.133 

 
MSL A is not directly comparable to the Sandia analyzed configuration as it assumed 
the inboard MSIV failed open and so the in-board and between MSIV volumes were 
not credited.  MSL B is directly comparable to the configuration assumed in the 
Sandia report.  BFN determined the removal coefficients based on no deposition in 
the volume upstream of the inboard MSIV for volumes B1 and B2 as outlined in the 
AEB report.  The values determined in the Sandia report were based on some 
deposition occurring in the in-board volume even though it was recommended that 
removal not be credited in this volume.  This could explain the difference between the 
BFN value and that determined in the Sandia report.  This can be partially 
substantiated by pointing out that the BFN out-board volume removal coefficient is 
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fairly consistent with the 0-2 hr removal coefficient determined by the Sandia report 
with differences being due to using BFN specific parameters. 
 
The condenser removal coefficient used by TVA is an order of magnitude different.  
This can be attributed to the fact that the Sandia report determined the coefficient 
based on deposition occurring in six main steam line volumes (three volumes in 
MSL A and three volumes in MSL B) whereas BFN determined the coefficient based 
on three main steam line volumes (one volume in MSL A and two volumes in MSL B).  
The Sandia report did not assume the inboard MSIV was stuck open and so it 
determined the removal coefficients based on deposition occurring in all three MSL 
volumes of each MSL.  If the first two volumes in MSL A were ignored, as was done in 
the BFN analysis, it would be reasonable to expect that the condenser would have a 
much higher removal coefficient because a greater number of larger particles from 
MSL A would reach the condenser. 
 
However, after further review of SAND2008-6601, it was determined that it could not 
be used directly for the proposed BFN configuration for the following reasons: 
 

 The Sandia report did not analyze splitting the MSIV leakage between the flow 
through the Turbine Stop Valves (TSV) and the Condenser.  This would be 
acceptable if the majority of the flow is through one of those pathways, but not 
for the case where there is nearly a 50/50 split of the flow. 
 

 In conjunction with the above, the MSIV leakage assumed in the Sandia report 
ranged from 75 scfh to 410 scfh. The values assumed for BFN in each MSL are 
outside of this range and so the applicability of the results would be 
questionable. 
 

 The Sandia report did not analyze the configuration of an inboard MSIV that 
fails to close as is assumed in the proposed BFN scenario.  This would result in 
combining the first two MSL volumes in the Sandia configuration and would 
result in an increase in the removal coefficient for the third volume and to the 
condenser. 

 
 Therefore, it would be technically inappropriate to use the Sandia report directly for 

the proposed BFN configuration and justification for conservatism is based on 
previous NRC approval of the methodology that was used by TVA. 
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SBPB RAI-1 01 
 
From BWROG Report NEDC-31858P (ML993440253), “BWROG Report for Increasing 
MSIV Leakage Rate Limits and Elimination of Leakage Control Systems,” it states (Section 
3.3, “Condition required Control of MSIV Leakage” - page E-31) that the following conditions 
for which control of MSIV leakage may be appropriate.  
 

* High main steam line radiation 
* High area radiation level near the main steam lines 
* High control room air intake radiation 
* High off-site radioactivity release rate 
* High secondary containment HVAC exhaust radiation 
* High turbine building HVAC exhaust radiation  
* High offgas pretreatment radiation 
* High drywell pressure 
* High drywell radiation 
* Low RPV water level 
 

The licensee in its response dated August 15, 2014, for SBPB RAI-1 part b of the original 
RAI, stated that: 
 

There are no instruments available for the main control room (MCR) 
operators to know if the primary pathway is unavailable.  Although there are 
no instruments for the MCR operators to know if the primary pathway is 
unavailable, when a drywell radiation alarm is received, operators are 
procedurally directed to open the upper main steam line drain valve 
(FCV-1-58) and the lower main steam line drain valve to the condenser 
(FCV-1-59). By opening these valves, a portion of the secondary pathway 
has been established that bypasses the orifice. 
 

a. Describe if there are any other entry conditions for opening the ALT pathway via valves 
FCV-1-58 and FCV-1-59.  If the drywell radiation alarm is the sole entry condition for the 
ALT pathway, describe the rational for why other entry conditions and other alarms 
conditions (such as high drywell pressure or steam line high radiation) are excluded. 
 

b. Describe the drywell radiation equipment number(s) or detector number(s) and describe if 
these instruments are reliable in accordance with Regulatory Guide (RG) 1.97, “Criteria for 
Accident Monitoring Instrumentation for Nuclear Power Plants.” 
 

c. In addition, confirm that the actions necessary to establish either the primary or secondary 
ALT pathway are performed from the main control room (MCR) and not from other locations 
outside the MCR. 
 

d. Regulatory Guide (RG) 1.183, “Alternative Radiological Source Terms for Evaluating Design 
Basis Accidents at Nuclear Power Reactors,” dated July 2000 (ADAMS Accession No. 
ML003716792), Regulatory Position 1.3 defines the scope of required analyses which 
include post-accident access shielding (NUREG-0737, “Clarification of TMI Action Plan 
Requirements,” Action Item II.B.2, “Post-Accident Access Shielding”).  If the actions 
necessary to establish either the primary or secondary ALT pathways are performed outside 
the control room, provide an analysis demonstrating that there will be access to vital areas 
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within the plant (consistent with NUREG 0737 item II.B.2) necessary to establish either of 
these pathways. 
 
TVA Response: 
 
a. The drywell radiation monitor alarm is the preferred entry condition for opening of the 

ALT Pathway via valves FCV-1-58 and FCV-1-59.  The justification for the drywell 
radiation monitor alarm being the preferred entry condition is that the alarm response 
procedure currently requires the opening of valves FCV-1-58 and FCV-1-59 once the 
alarm is determined to be valid.   

 
 The main steam line radiation monitor would be another entry condition for opening of 

the ALT Pathway via valves FCV-1-58 and FCV-1-59.  The main steam line high 
radiation monitor alarm response procedures currently do not have instructions to open 
valves FCV-1-58 and FCV-1-59 on a main steam line high radiation alarm.  TVA 
proposes to change the alarm response procedure to require opening valves FCV-1-58 
and FCV-1-59 when a main steam line high radiation monitor alarms and the main 
steam line radiation monitor indicates that main steam radiation is increasing. 

 
 High drywell pressure cannot be used as an entry point for opening of the ALT Pathway 

via valves FCV-1-58 and FCV-1-59.  A high drywell pressure could be received for 
reasons other than a precursor to a LOCA event.  Therefore, TVA does not propose to 
use the high pressure drywell alarm to require opening of valves FCV-1-58 and 
FCV-1-59. 

 
b. The drywell radiation monitor detectors, monitors, and recorders are classified as safety 

related, Class 1E, Seismic Class 1, Post Accident Monitoring Category 1 (i.e., the BFN 
drywell monitors provide a Regulatory Guide 1.97, Revision 3, Type A variable and meet 
the design and qualification requirements of Regulatory Guide 1.97, Revision 3, 
Category 1).  The specific manufacturers and model numbers for each device are listed 
in the tables below. 

 

Unit 1 

Device Manufacturer Model # 

Detector General Electric 237X731G010 

Monitor General Electric 304A3700G048 

Recorder Westronics SV10C series 
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Units 2 and 3 

Device Manufacturer Model # 

Detector General Electric 237X731G009 

Monitor General Electric 304A3700G036 

Recorder Westronics SV10C series 

 
 The drywell radiation monitors are part of Technical Specification 3.3.3.1, Post Accident 

Monitoring (PAM) Instrumentation.  As such, the drywell radiation monitors 
(Table 3.3.3.1-1 Function 5, Primary Containment Area Radiation) require that the 
monitor and recorder are verified Operable by performance of a Channel Check every 
31 days and a Channel Calibration every 24 months. These Technical Specification 
surveillance requirements help ensure the drywell radiation monitors are maintained 
reliable.  

 
c. The proposed primary ALT pathway uses passive components with the exception of 

FCV-1-57.  In Modes 4 and 5, FCV-1-57, in association with the other drain line valves, 
may be required to change position, which requires motive power.  Therefore, FCV-1-57 
will be verified to be open and the power will be removed prior to entry into Mode 3 from 
Mode 4. Furthermore, TVA will ensure, through administrative means, that FCV-1-57 is 
open and motive power is removed when the Unit is in Modes 1, 2, and 3.  The opening 
of valve FCV-1-57 is performed from the main control room, but the removal of the 
power is performed at the motor control center. Valve FCV-1-57 is also used in the 
proposed secondary ALT pathway. 

 
 The proposed secondary ALT pathway is established through normally open valves 

FCV1-168, FCV-1-169, FCV-1-170, FCV-1-171.  The proposed secondary ALT pathway 
continues through open valve FCV-1-57 (motive power removed when in Modes 1, 2, 
and 3), then through FCV-1-58, and finally through FCV-1-59 to the main condenser.  
Valves FCV-1-168, FCV-1-169, FCV-1-170, FCV-1-171, and FCV-58 are interlocked 
with the Main Steam Isolation Valves (MSIV) and turbine speed.   

 
 When the turbine generator is above 1700 RPM and one or more MSIVs fully close; 

FCV-1-168, FCV-1-169, FCV-1-170, and FCV-1-171 would close and FCV-1-58 would 
open.  When the turbine generator speed falls below 1700 RPM, FCV-1-168, 
FCV-1-169, FCV-1-170, and FCV-1-171 would open.  Although there will be no change 
to the automatic functions for valves FCV-1-168, FCV-1-169, FCV-1-170, and 
FCV-1-171, these valves are powered from a power source that is considered not 
reliable because the non-safety related MOV boards do not have emergency diesel 
generator (EDG) back-up power supplies.  Therefore, should the loss of coolant accident 
occur with a delayed loss of offsite power when one MSIV closes and valves FCV-1-168, 
FCV-1-169, FCV-1-170, and FCV-1-171 are in the closed position, then this pathway 
cannot perform its function.   

 
 The power sources for FCV-1-58, and FCV-1-59 are from EDG back-up power supplies.  

In Units 1 and 2, the boards are not load-shed.  In Unit 3, the Reactor Motor Operated 
Valve (RMOV) board is load shed.  The breakers for Unit 3 can be manually reloaded to 
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an EDG back-up power supply after 40 seconds and will be permanently reloaded after 
11 minutes.  The restoration of the control power for RMOV Board 3C is performed from 
the main control room.  TVA will revise procedures to require manually restoring motive 
power to valves FCV-1-58 and FCV-1-59 on RMOV Board 3C in the event of a loss of 
offsite power in combination with receipt of a main steam line radiation monitor alarm or 
a drywell radiation monitor alarm.   

 
 Valves FCV-1-58 and FCV-1-59 are opened from the MCR to establish the proposed 

secondary ALT pathway. 
 
d. There are actions that are required to establish the proposed primary and secondary 

ALT pathway from outside of the MCR.  To establish both pathways, FCV-1-57 is 
required to be verified to be in the open position and the motive power removed prior to 
entry into Mode 3 from Mode 4.  The removal of the motive power is performed at the 
RMOV Board in the Reactor Building.  Valve FCV-1-57 will be administratively verified to 
be in the open position with the motive power removed when the Unit is Modes 1, 2, and 
3.   

 
 TVA will revise procedures for all three units to require the removal of the motive power 

from valves FCV-1-58 and FCV-1-59 once they have been opened in response to 
receiving a main steam line radiation monitor alarm or a drywell radiation monitor alarm 
to ensure these valves do not spuriously close during the accident.  The actions to 
remove motive power from valve FCV-1-58 and FCV-1-59 would be performed outside 
the MCR.  However, these actions are not required to establish the proposed secondary 
ALT pathway, but are required to ensure the proposed secondary ALT pathway is 
maintained during the accident.  In the event that these actions cannot be accomplished, 
the proposed primary ALT pathway would be available to ensure that the dose 
consequences are maintained consistent within the analysis results.   

 
 As a result, there are no actions outside of the main control room post-accident to 

establish the ALT pathways. 
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SBPB RAI-3 01 
 
From BWROG Report NEDC-31858P (ML993440253), “BWROG Report for Increasing 
MSIV Leakage Rate Limits and Elimination of Leakage Control Systems,” it states the 
following: (Section 6.1.1, “Isolated Condenser and Main Steam Drain Lines” - page 6-2)  
 

The feasibility of increasing MSIV leakage rate limits rely on use of the main 
steam piping and the condenser for fission product attenuation.  Section 4.3 
identifies this leakage treatment pathway as the "isolated condenser" method.  
The utility will evaluate the plant capability to divert MSIV leakage from the 
main steam drain line to the main steam condenser following a design basis 
LOCA.  The evaluation will consider the following requirements. 

 
(1) The main steam drain line downstream of the outboard MSIV should 

be used to convey MSIV leakage to the condenser. 
 

(2) The internal cross-sectional area of the drain line should nominally be 
1.0 square inches or larger.  The radiological dose methodology 
described in Appendix C provides a detailed discussion regarding the 
basis for the required plant-specific drain line flow area. 
 

In response to part d of SBPB RAI-3, the licensee stated that: 
 

The 0.25-inch orifices have socket weld connections and are not readily 
accessible for visual inspections.  Unlike the orifice around FCV-1-58, the 
orifices around FCV-1-168, FCV-1-169, FCV-1-170 and FCV-1-171 are 
located in a position that is difficult to perform a radiography inspection.  TVA 
will not add the orifices around FCV-1-168, FCV-1-169, FCV-1-170 and 
FCV-1-171 to the existing commitment to perform radiography exams 
periodically. 
 

a. Since the BWROG Report NEDC-31858P states that the internal cross-sectional area of 
the drain line should nominally be 1.0 square inches or larger, justify why the ALT 
primary pathway is acceptable. 

 
b. Specifically, some of the ALT primary pathway piping sizes are less than 1 inch square, 

describe in detail your inspection plans or outage flow testing to verify an open flow path 
exists (similar to the radiography exam on the 0.1875-inch orifice around FCV-1-58).  
This should include the four 0.25-inch orifices around FCV 1-168, FCV 1-169, 
FCV 1-170, FCV 1-171, 1-inch diameter globe valve 525, and other areas of possible 
flow restrictions. 

 
TVA Response: 
 
a. The proposed primary ALT pathway has been analyzed using the limiting cross-sectional 

area in the passive pathway.  Because the most limiting orifice is the 0.1875-in, the 
minimum flow area of the drain line pathway was calculated using this orifice diameter.  
This minimum flow area was then used in the calculations for determining the Alternative 
Source Term (AST) dose.  Use of the more restrictive flow area pathway, i.e., the 
proposed primary ALT pathway through the orifices, in the dose calculation to establish 
Main Steam Isolation Valve (MSIV) leakage limits is consistent with the safety analysis 
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approach of assuming worst case conditions.  The AST analysis verifies the analyzed 
proposed primary ALT pathway is acceptable using the guidance of Regulatory Guide 
1.183 for Units 1, 2 and 3.  To ensure the proposed primary ALT pathway is maintained 
available, valve FCV-1-57 will be open with motive power removed during Modes 1, 2, 
and 3, and radiographic examinations of the 0.1875 inch orifices, 0.25 orifices, and the 
1-inch globe valve (BOV-1-525) will be performed during each unit’s refueling outages to 
verify no flow obstructions are present. 

 
 In addition, operators will take actions to establish the proposed secondary ALT pathway 

in response to a drywell radiation alarm or a main steam line radiation alarm.  These 
actions require establishing the proposed secondary ALT pathway through valves 
FCV-1-58 and FCV-1-59 by restoring motive power to the valve, if required, and then 
opening these valves.  To ensure valves FCV-1-58 and FCV-1-59 do not spuriously 
close during the accident, motive power will be removed from these valves after they 
have been opened in response to a drywell radiation alarm or a main steam line 
radiation alarm.  Valves FCV-1-58 and FCV-1-59 are also periodically stroke tested in 
accordance with the Inservice Testing Program.  Valve FCV-1-57 in the proposed 
secondary ALT pathway will be open with motive power removed whenever the unit is in 
Modes 1, 2 and 3. 

 
 Valves FCVs-1-168, -1-169, -1-170, -1-171 in the proposed secondary ALT pathway, 

these valves are normally open.  However, when the turbine generator is above 
1700 RPM and one or more MSIVs fully close; FCVs-1-168, -1-169, -1-170, -1-171 
would close.  When the turbine generator speed falls below 1700 RPM, FCVs-1-168, 
1-169, -1-170, -1-171 would open.  Valves FCVs-1-168, -1-169, -1-170, -1-171 are 
periodically stroke tested in accordance with the Inservice Testing Program .  Although 
there will be no change to the automatic functions for these valves, FCVs-1-168, -1-169, 
-1-170, -1-171 are powered from a power source that is considered not reliable because 
the non-safety related MOV boards that supply these valves do not have EDG back-up 
power supplies.  In the event of a loss of coolant accident coincident with a loss of offsite 
power, valves FCV-1-168, FCV-1-169, FCV 1 170, and FCV-1-171 would remain in the 
open position and the secondary ALT pathway through these valves would be 
established.  The BFN licensing basis is a loss of coolant accident coincident with a loss 
of offsite power.  

 
 Therefore, there is reasonable assurance that, in the event of a loss of coolant accident, 

under current licensing basis conditions, the proposed secondary ALT pathway would be 
established.  

 
b. TVA does not perform an outage flow test to verify an open flow path for the primary or 

secondary ALT pathways.  Instead, TVA has committed to perform a radiography 
examination on the 0.1875-inch orifice to ensure that the flow path through this orifice is 
not plugged.  Furthermore, TVA has determined that the 0.25-inch orifices around 
FCV-1-168, FCV-1-169, FCV-1-170, and FCV-1-171, will also require a radiography 
examination to ensure that the flow path through these orifices is not plugged.  
Additionally, TVA will perform a radiography examination of the 1-inch globe valve 
(BOV-1-525) to ensure that it is not plugged.  These additional radiography examinations 
will be performed during each Unit's refueling outage. 



ENCLOSURE 3 

 
E3-1 

 

List of Regulatory Commitments 
 
 
New Commitments: 
 
TVA will perform a radiography examination, during each Unit's refueling outage, 
starting with the Unit 2 outage in the spring of 2015, on the 0.25-inch orifice around 
valves FCV-1-168, FCV-1-169, FCV-1-170, and FCV-1-171 to ensure that the flow 
path through these orifices is not plugged. 
 
TVA will perform a radiography examination, during each Unit's refueling outage, 
starting with the Unit 2 outage in the spring of 2015, on the 1-inch globe valve 
(BOV-1-525) to ensure that it is not plugged.   
 
TVA will revise the main steam line radiation alarm response procedures to require 
valves FCV-1-58 and FCV-1-59 to be opened when a main steam line high radiation 
alarm is received and the main steam line radiation monitor indicates that main 
steam radiation is increasing. 
 
TVA will revise procedures to require manually restoring motive power to valves 
FCV-1-58 and FCV-1-59 on RMOV Board 3C in the event of a loss of offsite power in 
combination with receipt of a main steam line radiation monitor alarm or a drywell 
radiation monitor alarm. 
 
TVA will revise procedures to require removing motive power from valves FCV-1-58 
and FCV-1-59 once they have been opened in response to receiving a main steam 
line radiation monitor alarm or a drywell radiation monitor alarm.  
 
TVA will correct calculation NDQ099920010019 and include it in a supplement to 
LAR TS-485. 
 
Revised Commitment: 
 
TVA will verify FCV-1-57 is open and the motive power is removed prior to entry into 
Mode 3 from Mode 4.  Furthermore, TVA will ensure, through administrative means 
that FCV-1-57 is open and that the motive power is removed when the Unit is in 
Modes 1, 2, and 3. 




