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U. S. Nuclear Regulatory Commission 
Attention: Document Control Desk 
Washington, DC 20555-0001 

Subject: Beaver Valley Power Station, Unit No. I 
Docket No. 50-334, License No. DPR-66 
License Amendment Request No. 284 

Pursuant to 10 CFR 50.90, FirstEnergy Nuclear Operating Company requests an 
amendment to the above license in the form of changes to the technical specifications 

(TS) and UFSAR changes which warrant NRC review in accordance with 10 CFR 
50.59(c). The proposed TS change modifies Specification 3.4.8 by reducing the Beaver 
Valley Power Station (BVPS) Unit 1 Reactor Coolant System (RCS) specific activity 
limit. This TS change will support revised safety analyses with higher primary-to
secondary leakage in accordance with the methodology described in NRC Generic Letter 
95-05, "Voltage-Based Repair Criteria for Westinghouse Steam Generator Tubes by 
Outside Diameter Stress Corrosion Cracking." The resultant necessary UFSAR changes 
involve slightly increased control room thyroid dose values which warrants NRC review 
and approval.  

The proposed TS changes for BVPS Unit No. 1 are presented in Attachment A. The 
safety analysis (including the no significant hazards evaluation) is presented in 
Attachment B.  

Attachment C provides the proposed BVPS Unit 1 UFSAR changes. Attachment D 
provides an evaluation of BVPS Unit 1 release rate data as required by NRC Generic 
Letter 95-05 for TS changes involving RCS specific activity limits less than 
0.35 microcuries per gram. Attachment E provides the BVPS Unit 1 Main Steam Line 
Break dose calculation which supports the proposed UFSAR changes in Attachment C.  

These changes have been reviewed by the BVPS review committees. The changes were 
determined to be safe and do not involve a significant hazard consideration as defined in 
10 CFR 50.92 based on the attached safety analysis. An implementation period of up to 

60 days is requested following the effective date of this amendment.
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If you have any questions regarding this matter, please contact Mr. Thomas S. Cosgrove, 
Manager, Licensing at 724-682-5203.  

Sincerely, 

Lew W. Myers 

c: Mr. D. S. Collins, Project Manager 
Mr. D. M. Kern, Sr. Resident Inspector 
Mr. H. J. Miller, NRC Region I Administrator 
Mr. D. A. Allard, Director BRP/DEP 
Mr. L. E. Ryan (BRP/DEP) 
Ms. M. E. O'Reilly (FirstEnergy Legal Department)



Subject: Beaver Valley Power Station, Unit No. 1 
BV-1 Docket No. 50-334, License No. DPR-66 
License Amendment Request No. 284 

I, Lew W. Myers, being duly sworn, state that I am Senior Vice President of 

FirstEnergy Nuclear Operating Company (FENOC), that I am authorized to sign and file 

this submittal with the Nuclear Regulatory Commission on behalf of FENOC, and that 

the statements made and the matters set forth herein pertaining to FENOC are true and 

correct to the best of my knowledge and belief.  

FirstEnergy Nuclear Operating Company 

ZwLe W. Myers lel 

Senior Vice President - FENOC 

COMMONWEALTH OF PENNSYLVANIA 

COUNTY OF BEAVER 

Subscribed and sworn to me, a Notary Public, in and for the County and State 

above named, thisRe day of ( , 2000.

y

tNotarial Seal 
Sheila M. Fattore, Notary Public 

Shipplngpoxt Boro, Beaver County 
My Commission Expires Sept. 30. 2002 

ember, Pennsylvania ASsociatnI Ot Notafres ,..
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DPR-66 
REACTOR COOLANT-SYSTEM

SPECIFIC ACTIVITY 

LIMITING CONDITION FOR OPERATION

3.4.8 The specific activity of the primary coolant shall be 
limited 

a. :O5 .3pCi/gram DOSE EQUIVALENT 1-131, and

b. 10011/ pCi/grax.  

APPLICABILITY: MODES 1, 2, 3, 4 and 5 

ACTION: 

MODES I, 2, and 3* 

a. With the specific activity of the primary coolant > 
pCi/gram DOSE EQUIVALENT 1-131 for more than 48 hours 
during one continuous time interval or exceeding the limit 
line shown on Figure 3.4-1, be in HOT STANDBY with Tavg 
< 500OF within 6 hours.  

b. With the specific activity of the primary coolant > 10011f 
pCi/gram, be in HOT STANDBY with Tavg < 5000F within 6 
hours.  

MODES 1, 2, 3, 4 and 5 

a. With the specific activity of the primary coolant > 4GJ3> 
pCi/gram DOSE EQUIVALENT 1-131 or > 1001 pCi/gram, 
perform the sampling and analysis requirement of item 4a of 
Table 4.4-12 until the specific activity of the primary 
coolant is restored to within its limits.  

SURVEILLANCE REQUIREMENTS 

4.4.8 The specific activity of the primary coolant shall be 
determined to be within the limits by performance of the sampling and 
analysis program of Table 4.4-12.

* With Tavg Z 500'F
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TABLE 4.4-12 

PRIMARY COOLANT SPECIFIC ACTIVITY SAMPLE 
AND ANALYSIS PROGRAM

TYPE OF MEASUREMENT 
AND ANALYSIS

MINIMUM 
FREQUENCY

MODES IN WHICH 
SURVEILLANCE REOUIRED

1. Gross Activity Determination 

2. Isotopic Analysis for DOSE EQUIVA
LENT 1-131 Concentration 

3. Radiochemical for 7 Determination 

4. Isotopic Analysis for Iodine 
Including 1-131, 1-133, and 1-135

3 times per 7 days with a 
maximum time of 72 hours 
between samples.

I per X4 days 

I per 6 months

I, 2, 3, 4

1, 

1,

a) Once per 4 hours, 11, 2#, 31, 41, 51 
whenever the spect4ic 
activity exceeds 
pCi/gram DOSE 
EQUIVALENT 1-131 or 
1O0/T pCi/gram, and

b) One sample between 1, 2, 3 
2 & 6 hours following 
a THERMAL POWER 
change exceeding 
15 percent of the 
RATED THERMAL POWER 
within a one hour 
period.  

#Until the specific activity of the primary coolant syptem is restored within its limits.
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DOSE EQUIVALENT 1-131 Primary Coolant Specific Activity Limit 
Versus Percent of RATED THERMAL POWER with the Primary 

Coolant Specific Activity >{3auCi/gram DOSE EQUIVALENT 1-131
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DPR-66 
REACTIVITY CONTROL sySTEM4S 

BASES 

3/4.4.7 CHEMISTRY 

The limitations on Reactor Coolant System chemistry ensure that 
corrosion of the Reactor Coolant System is minimized and reduces the 
potential for Reactor Coolant System leakage or failure due to stress 
corrosion. Maintaining the chemistry within the Steady State Limits 
provides adequate corrosion protection to ensure the structural 
integrity of the Reactor Coolant System over the life of the plant.  
The associated effect& of exceeding the oxygen, chloride and fluoride 
limits are time and temperature dependent. Corrosion studies show 
that operation may be continued with contaminant concentration levels 
in excess of the Steady State Limits, up to the Transient Limits, for 
the specified limited time intervals without having a significant 
effect on the structural integrity of the Reactor Coolant System; 
The time interval permitting continued operation within the 
restrictions of the. Transient Limits provides time for taking 
corrective actions to restore the contaminant concentrations, to 
within the Steady State Limits.  

The surveillance requirements provide adequate assurance that 
concentrations in excess of the limits will be detected in sufficient 
time to take corrective action.  

3/4.4.8 SPECIFIC ACTIVITY 

The primary coolant specific activity is limited in order to maintain 
offsite and control room operator doses associated with postulated 
accidents within applicable requirements. Specifically, the 
gCi/gm DOSE EQUIVALENT 1-131 limit ensures that the offsite dose does 
not exceed a small fraction of 10 CFR Part 100 guidelines and that 
control room operator thyroid dose does not exceed GDC-19 in the 
event of primary-to-secondary leakage induced by a main steam line 
break.  

BEAVER VALLEY - UNIT I B 3/4 4-4 Amendment No .e5..  
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DPR-66 
REACTOR COOLANT SYSTEM 

BASES 

3/-4.4. SPECIFIC-ACTIVIT-Y (Continued)

e ACTION statement permitting POWER OPERATION to continue f or 
limited time periods with the primary coolant's spec ic activity > 
.3 gCi/gram DOSE EQUIVALENT I-131, but within the llowable limit 

shown on Figure 3.4-1, accommodates possible odine spiking 
phenomenon which may occur following changes in THERMAL POWER.  
Operation with specific activity levels exceeding~nD . Ci/gram DOSE 
EQUIVALENT 1-131 for more than 48 hours during one continuous time 
interval or exceeding the limits shown on Figure 3.4-1 must be 
restricted to ensure that.- assumptions made in the UFSAR accident 
analyses are not exceeded.  

Reducing Tavq to < 500OF minimizes the release of activity should a 
steam generator tube rupture since the saturation pressure of the 
primary coolant is below the lift pressure of the atmospheric steam 
relief valves. This action also reduces the pressure differential 
across the steam generator tubes reducing the probability and 
magnitude of main steam line break accident induced primary-to
secondary leakage. The surveillance requirements provide adequate 
assurance that excessive specific activity levels in thle primary 
coolant will be detected in sufficient time to take corrective 
action. Information obtained on iodine spiking will be used to 
assess the parameters associated with spiking phenomena. A reduction 
in frequency of isotopic analyses following power changes may be 
permissible if justified by the data obtained.  

3/4.4.9 PRESSURE/TEMPERATURE LIMITS 

All components in the Reactor Coolant System are designed to 
withstand the effects of cyclic loads due to system temperature and 
pressure changes. These cyclic loads are introduced by normal load 
transients, reactor trips, and startup and shutdown operations. The 
various categories of load cycles used for design purposes are 
provided in Section 4.1.4 of the FSAR. During startup and shutdown, 
the rates of temperature and pressure changes are limited so that the 
maximum specified heatup and cooldown rates are consistent with the 
design assumptions and satisfy the stress limits for cyclic 
operation.  

During heatup, the thermal gradients in the reactor vessel wall 
produce thermal stresses which vary from compressive at the inner 
wall to tensile at the outer wall. These thermal-induced compressive 
stresses tend to alleviate the tensile stresses induced by the 
internal pressure. Therefore, a pressure-temperature curve based on 
steady state conditions (i.e., no thermal stresses) represents a 
lower bound of all similar curves for finite heatup rates when the 
inner wall of the vessel is treated as the governing location.  

BEAVER VALLEY - UNIT 1 B 3/4 4-5 Amendment No.-2j5



ATTACHMENT B

Beaver Valley Power Station, Unit No. 1 
License Amendment Request No. 284 

REVISION OF RCS SPECIFIC ACTIVITY VALUE 

A. DESCRIPTION OF AMENDMENT REQUEST 

This proposed license amendment would reduce the limit for RCS specific activity 
in Beaver Valley Power Station (BVPS) Unit No. 1 Technical Specification 
3/4.4.8. The Dose Equivalent 1-131 is requested to be lowered from the current 
value of < 0.35 giCi/gram to a value of < 0.20 jiCi/gram as specified in Technical 
Specification 3.4.8.a (and associated Actions and Table 4.4-12). This change will 
also lower the 'Acceptable Operation' line on Figure 3.4-1 from 21 piCi/gram to 
12 jiCi/gram Dose Equivalent 1-131 for 80-100% power, and a commensurate 
reduction for power between 20-80%.  

In conjunction with the reduced Technical Specification limit for RCS specific 
activity, the BVPS Unit 1 control room and offsite doses have been reanalyzed to 
allow for higher primary-to-secondary leakage in accordance with methodology 
described in NRC Generic Letter 95-05, "Voltage-Based Repair Criteria for 
Westinghouse Steam Generator Tubes by Outside Diameter Stress Corrosion 
Cracking," and as previously approved in BVPS Unit 1 License Amendment No.  
205. To allow for maximum primary-to-secondary leakage, the resultant control 
room thyroid dose values listed in the UFSAR for Main Steam Line Break will 
increase slightly from 29 REM to 30 REM. This increase in calculated dose 
warrants NRC review and approval.  

B. DESIGN BASES 

The steam generator tubes act as a barrier between the reactor coolant system 
(RCS) radioactively contaminated water and the normally non-radioactive 
secondary system water and steam. The safety function of the steam generator 
tubes is to prevent or mitigate the release of radioactive fission and activation 
products from the reactor coolant system to the secondary system, and 
subsequently to the environment during normal operation or following a design 
basis accident (DBA). During certain plant transient or accident situations, the 
secondary system may be vented to the atmosphere to serve as a heat removal path, 
thereby controlling the temperature of the nuclear fuel. Under these conditions, 
leakage across the steam generator tubes will result in a release of radioactive
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fission and activation products to the environment. Technical Specification 3.4.8 
limits the specific activity of the primary coolant during normal operation. This 
specific activity criteria limits the release of radioactive products for actual or 
projected steam generator tube leakage.  

C. JUSTIFICATION 

The current value of 0.35 liCi/gram for primary coolant in Technical Specification 
3/4.4.8 was provided in BVPS Unit 1 License Amendment No. 205. The changes 
in this amendment were made pursuant to NRC Generic Letter (GL) 95-05, 
Voltage-Based Repair Criteria for Westinghouse Steam Generator Tubes by 
Outside Diameter Stress Corrosion Cracking.  

FirstEnergy Nuclear Operating Company (FENOC) stated in two previous letters 
(L-00-041 and L-00-059) dated March 31, 2000 and May 5, 2000 that the recent 
inclusion of data from French reactors has caused statistical skewing of the lower 
voltage range data in the Steam Generator Degradation Specific Management 
(SGDSM) Database. This database is used to perform projected accident-induced 
leakage per GL 95-05 and was used for the BVPS Unit 1 Cycle 14. Thus, although 
the steam generator conditions as measured during the last (1R13) refueling were 
not significantly different from those measured during the previous (1R12) 
refueling, the projected End of Core (EOC) accident-induced steam generator 
leakage became significantly higher primarily because of the inclusion of French 
reactors data into the SGDSM Database which resulted in an increased Probability 
of Leakage (POL) due to statistical skewing of the correlation.  

Although other industry generic solutions are being approached to address this 
SGDSM Database skewing at the lower voltage range, it is requested that the 
BVPS Unit 1 primary coolant specific activity limit be lowered in order to support 
BVPS Unit 1 revising its DBA dose analysis pursuant to GL 95-05 in order to 
offset the recently increased POL and allow continued BVPS Unit 1 operation.  

GL 95-05 states that any reduction of RCS specific activity less than 
0.35 gCi/gram Dose Equivalent 1-131 requires an evaluation of release rate data as 
described in Nuclear Technology, Vol. 94, p. 361 (1991), J. P. Adams and 
C. L. Atwood, The Iodine Spike Release Rate During a Steam Generator Tube 
Rupture. This evaluation was performed for BVPS Unit 1 and is provided in 
Attachment D. This evaluation shows that BVPS Unit 1 RCS Dose Equivalent

B-2
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1-131 data fully supports lowering the Technical Specification RCS specific 
activity limit to 0.20 jtCi/gram without compromising the Standard Review Plan 
assumption of a post-event iodine spike factor of 500.  

D. SAFETY ANALYSIS 

This proposed change which lowers the Technical Specification limit for Dose 
Equivalent 1-131 is conservative and will not adversely affect the current 
calculated dose values for BVPS Unit 1 DBAs since a lower RCS specific activity 
will lower the calculated dose from any resultant steam generator tube leakage 
postulated during the DBA. As shown by the evaluation in Attachment D, the 
Standard Review Plan assumption for accident-induced steam generator tube 
leakage spike remains valid. Thus, the dose listed in the BVPS Unit 1 UFSAR 
from those DBAs which calculate and list a dose value in the BVPS Unit 1 UFSAR 
will remain bounding values, except for the Main Steam Line Break (MSLB) 
DBA.  

The immediate effect upon receiving a revised lower primary coolant specific 
activity limit in Technical Specification 3.4.8.a would also result in a lower 
calculated MSLB dose value, if incorporated into the MSLB dose calculation 
without any other modifications. But the BVPS Unit 1 MSLB analysis is analyzed 
per GL 95-05 which states that a reduction on RCS iodine activity is an acceptable 
means for accepting higher projected leakage rates and still meeting the applicable 
limits of Title 10 of the Code of Federal Regulations Part 100 and GDC 19 
utilizing currently accepted licensing basis assumptions. Thus, pursuant to this GL 
95-05 methodology, the reduced RCS specific activity limit for Technical 
Specification 3.4.8.a will be used to allow for a higher POL, while still meeting the 
applicable regulatory dose limits. The MSLB control room thyroid dose value will 
increase slightly from the previous value of 29 REM to 30 REM (as shown in 
UFSAR Table 11.3-7) solely as a calculational convenience to allow for the 
maximum POL. This is consistent with the GL 95-05 methodology since the dose 
value will not exceed the previously approved regulatory limit (which is 30 REM 
for control room thyroid dose). Attachment E provides the new primary-to
secondary SG leakage limit in the faulted SG based on the reduced RCS specific 
activity. The new faulted SG leakage limit will be described in the UFSAR and 
will be used in the SG inspection program to comply with the SG tube repair 
criteria. Based on these analyses, the control room and offsite doses have been

B-3
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analyzed and shown to comply with the regulatory limits; therefore, these changes 
do not significantly reduce the margin of safety of the plant.  

Thus, the current BVPS Unit 1 MSLB calculated dose value will not decrease with 

a new lower RCS specific activity value in order to allow for a higher POL.  
However, the BVPS Unit 1 MSLB calculated dose values will remain within the 
limits specified in 10 CFR 50, Appendix A, GDC 19, and the radiological doses to 
the public will remain a small fraction of the regulatory limits specified in 10 CFR 
100.11, using methodology previously accepted in BVPS Unit 1 License 
Amendment No. 205.  

Thus, this requested license amendment will not adversely affect the current 

licensing bases.  

E. NO SIGNIFICANT HAZARDS EVALUATION 

The no significant hazard considerations involved with the proposed amendment 
have been evaluated. The evaluation focused on the three standards set forth in 10 
CFR 50.92(c), as quoted below: 

The Commission may make a final determination, pursuant to the 
procedures in paragraph 50.91, that a proposed amendment to an operating 
license for a facility licensed under paragraph 50.21(b) or paragraph 50.22 or 
for a testing facility involves no significant hazards consideration, if 
operation of the facility in accordance with the proposed amendment would 
not: 

(1) Involve a significant increase in the probability or consequences of an 
accident previously evaluated; or 

(2) Create the possibility of a new or different kind of accident from any 

accident previously evaluated; or 

(3) Involve a significant reduction in a margin of safety.  

The following evaluation is provided for the no significant hazards consideration 
standards.

B-4
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1. Does the change involve a significant increase in the probability or 

consequences of an accident previously evaluated? 

The proposed change to the BVPS Unit 1 primary coolant specific activity 
limit is conservative with respect to the current value, does not invalidate the 
current Standard Review Plan assumption on accident-induced spiking, and 
does not change the RCS or steam generators' ability to meet its design 
bases.  

Therefore, this change will not increase the probability of occurrence of a 
postulated accident or will not significantly increase the consequences of an 
accident previously evaluated since the change would continue to comply 
with the current BVPS Unit 1 and Unit 2 licensing basis as it relates to the 
dose limits of GDC 19 and 10 CFR Part 100.  

2. Does the change create the possibility of a new or different kind of accident 
from any accident previously evaluated? 

The proposed license amendment to the primary coolant specific activity 
limit does not change the way the RCS is operated. The proposed changes 
only involve changes to the primary coolant specific activity limit where 
continued power may occur. This reduced limit is conservative and does not 
alter the RCS or steam generators' ability to perform their design bases.  

Therefore, these proposed changes do not create the possibility of a new or 
different kind of accident from any previously evaluated accident since the 
RCS and steam generator will continue to operate in accordance with their 
design bases.  

3. Does the change involve a significant reduction in a margin of safety? 

The proposed amendment does not involve revisions to any safety limits or 
safety system setting that would adversely impact plant safety. The 
proposed amendment does not adversely affect the ability of systems, 
structures or components important to the mitigation and control of design 

bases accident conditions within the facility. In addition, the proposed 
amendment does not affect the ability of safety systems to ensure that the
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facility can be maintained in a shutdown or refueling condition for extended 
periods of time.  

The proposed license amendment to the primary coolant specific activity 
limit does not adversely change the way the RCS or steam generators are 
operated. This modification does not alter these systems' ability to perform 
their design bases. The existing safety analyses remain bounding.  
Therefore, the margin of safety is not significantly reduced.  

F. NO SIGNIFICANT HAZARDS CONSIDERATION DETERMINATION 

Based on the considerations expressed above, it is concluded that the activities 
associated with this license amendment request satisfy the requirements of 10 CFR 
50.92(c) and, accordingly, a no significant hazards consideration finding is 
justified.  

G. ENVIRONMENTAL CONSIDERATION 

This license amendment request changes a requirement with respect to the 
installation or use of a facility component located within the restricted area as 
defined in 10 CFR Part 20. It has been determined that this license amendment 
request involves no significant increase in the amounts, and no significant change 
in the types of any effluents that may be released offsite, and that there is no 
significant increase in individual or cumulative occupational radiation exposure.  
This license amendment request may change requirements with respect to 
installation or use of a facility component located within the restricted area or 
change an inspection or surveillance requirement; however, the category of this 
licensing action does not individually or cumulatively have a significant effect on 
the human environment. Accordingly, this license amendment request meets the 
eligibility criteria for categorical exclusion set forth in 10 CFR 51.22(c)(9).  
Pursuant to 10 CFR 51.22(b) no environmental impact statement or environmental 
assessment need be prepared in connection with the issuance of this license 
amendment request.
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H. UFSAR CHANGES 

This proposed license amendment will result in changes to the BVPS Unit 1 
UFSAR. See Attachment C for the proposed changes.  

BVPS Unit 1 License Amendment Request (LAR) 1A-280 was sent to the NRC by 
FirstEnergy on May 12, 2000. LAR 1A-280 revised many BVPS Unit 1 UFSAR 
DBA calculated dose values. This LAR (1A-284) will only result in the Major 
Secondary System Pipe Rupture (MSLB) dose calculation to be revised (as 
described above in Section D) to allow for higher POL using methodology 
previously accepted in BVPS Unit 1 License Amendment 205. The attached 
proposed UFSAR changes are marked-up using the UFSAR pages previously 
issued via LAR 1A-280, since the methodology used to prepare LAR 1A-280 was 
also used to prepare LAR 1A-284.

B-7



ATTACHMENT C 

Beaver Valley Power Station, Unit No. 1 
License Amendment Request No. 284

Applicable UFSAR Changes 

UFSAR Pages 14.2-24, 14.2-53, 14B-4 

UFSAR Tables 11.3-7, 14.2-10, 14B-15, 14B-16



/
BVPS-l FSAR Rev. XX

TABLE 11.3-7 

POSTULATED CONTROL ROOM ACCIDENT DOSE, REM's"6'

(Design Basis Accidents at Unit 1)

Accident 

Main Steam Line Break 
Co-incident Spike 
pre-incident Spike 

Small Line Break 

Steam Generator Tube Rupture 
co-incident Spike 
Pre-incident Spike 

Rod Ejection Accident 

Fuel Handling Accident 

Locked Rotor Accident 

Loss of Auxiliary AC Power 

Waste Gas System Rupture 
Line Break 
Tank Rupture 

DBA LOCA

CDE, 
Thyroid 

2.9E+01 <2E-01 
1.4E+01 <2E-01 

2.0E+01 <2E-01 

3.1E+00 <2E-01 
1.9E+00 <2E-01

3.IE+00

<2E-01 

<2E-01 

<2E-01

<lE+00 <2E-01 

-- <2E-01 
-- <2E-01 

5.5E+00 7.1E-01

NOTES: 

I. Control Room isolation by area radiation monitor signal based on a 
setpoint with a safety limit dose rate of I mrem/hr gamma in the 
Control Room.  

2. isolation by manual operator action at T=30 minutes post-accident.  
In support of Alternate Repair Criteria for steam generators (ref.  
USNRC GL 95-05) the MSLB thyroid doses were maximized within 

applicable limits in order to establish the maximum allowable 
accident-included leakage against which tube leakage projections, 
ba: an O ta ion, are compared. Current values are based 
Sleakage 44-2-hra:nJr 

a MA-5 :2-el. See Section 14.2.5.1.3.  

3. Control Isolation actuated by CIB signal. .JaL.?O 

4. No action required. Y5. P -n- C/9-0 I. -;1 - YP c 

5. References; ERS-S'L 9a 005 .O, ERS-SFL-92-033 X, 12241_,,10-c 
-U*456, ~l0. TJ~(E 4ZyO~ERS-SFf,(-89-021.r1Z, ERS-SFL-95-008 

6. Listed dose values repro ent the limiting bounding value.  

r .3rin ýO 11 / .// 7- VV

Skin DE 

<IE+00 
<IE+00 

<IE+00 

<IE+00 

<IE+00 

<IE+00 

<IE+00 

<IE+00 

<IE+00 

3.9E+00 
<IE+00 

<IE+00

Notes 

2 
2 

4 

4 

4 

4 

2.

4 
4 

3

A15flý_r



BVPS-I FSAR

TABLE 11.3-7 

POSTULATED CONTROL ROOM ACCIDENT DOSE, REW4S'"'

(Design Basis Accidents at Unit 1)

Accident 

Main Steam Line Breal 
Co-incident Spike 
Pre-incident Spik4

CDE, 
Lhl -tx - Thyro0i 

LZ-0 .4E+0l1

Small Line Break 

Steam Generator Tube Rupture 
Co-incident Spike 
Pre-incident Spike 

Rod Ejection Accident 

Fuel Handling Accident 

Locked Rotor Accident 

Loss of Auxiliary AC Power 

Waste Gas System Rupture 
Line Break 
Tank Rupture 

DBA LOCA

<2E-01 
<2E-01

2.OE+01 <2E-01 

3.lE÷00 <2E-01 
1.9E+00 <2E-01

7 .7E+00 

3.IE+00

<2E-01 

<2E-01 

<2E-01

<IE+00 <2E-01 

-- <2E-01 
-- <2E-01 

5.5E÷00 7.1E-01

NOTES: 
1. Control Room isolation by area radiation monitor signal based on a 

setpoint with a safety limit dose rate of 1 mrem/hr ga.ma in the 
Control Room.

2. Isolation by manual operator action at T=30 minutes post-accident.  
In support of Alternate Repair Criteria for steam generators (ref.  
USNRC GL 95-05) the MSLB thyroid doses were maximized within 
applicable limits in order to establish the maximum allowable 
accident-included leakage against which tube leakage projections, 
a n • tage -n Lon, are compared. Current values are based 

onprecondary leakage 44 2 .. a .l!, ~o 
~.. ~OA ~ L..~.See Section 14.2.5.1.3.  

3.Control Isolation actuated by CBsignal. JLtO 

4. No action required. _ a , Y PJ - 'C/OD 1 5 .. J.....- 0'P 0.9 
4rLs?-o- Pr-3--- -IZ_ ,,. _- -_ - .  

5. References: ERS-91ýL-•-0e , ERS-SFL-92-033yZ, 12241/1i114.Z9 

-u R (B_ 4 4 1 -10 .3 a- CE 098 £ R -8R9-021 _%-, ERS-SFL-95-00Bp8'.  

6. Listed dose values repre ent the limiting bounding value.

Skin DE 

<IE÷00 
<IE+00 

<lE+00 

<IE+00 
<IE+00 

<IE+00 

<IE+00 

<IE+00 

<IE+00 

3.9E+00 
<IE+00 

<1E+00

Notes 

2 
2

4 

4 
4 

:4 

4"

4 
4

A/5
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The sequence of events is shown in Table 14.2-2.  

Radiological Conseauences 

The radiological consequences of a main steam line break (MSLB) 
were re-analyzed in support of the Alternate Repair Criteria 
(ARC) for steam generators (ref. USIrRC GL 95-05)("). The MSLB 
is of interest due to the rapid depressurization of the secondary 
side and the high differential pressure across the steam 
generator tubes that can occur. Such conditions can result in 
accident-induced primary-to-secondary leakage. The ARC allows 
steam generator tubes having defects to remain in service with 
higher non-destructive examination (NDE) -indications than would 
have been allowed under prior repair criteria, subject to 
conditions established in technical specifications. One such 
requirement is to project, on the basis of the NDE indication 
(voltage), the potential MSLB-induced leakage (95% prediction 
with 95% confidence), and the offsite and control room operator 
doses that could result.

In lieu of calculating the radiological consequence of this event 
with each operating cycle, an analysis was performed to establish 
a maximum allowable accident-induced leakage, against which the 
cycle leakage projections could be compared. This leakage rate 
is the maximum primary-to-secondary leakage that could occur witho
offsite and control room operator doses remaining withinl3Odda4' 
applicable limits. This re- .sis showed that the aO r- 0 2 
ho=r thyroid dose .. . &• be r was limiting 
wit_ poJectedj leaka'ge fiO2- m. since steam generator tubes 
with NDE ic tions c nding to potential leak rates 
greater n 00 'm will be repaired, *s is e~pected to be the 
bounding c e future operating cycles. ,i woo

The MSLB is assumed to occur between the containment wall and the 
main steam isolatidh %Falve, resulting in an unisolable release 
path to the environment. This re-analysis was performed using 
the guidance of the Standard Review Plan (SRpP)( 7) with : two 
exceptions: (1) the dose calculation methodology (see Section 
14B.8.5) is based on ICRP-26 and ICRP-30 principles rather than 
that described in the SRP, and (2) the primary-to-secondary leak 
rate is the 95% prediction 95% confidence leak rate projected on 
the basis of NDE indications rather than the value established by 
technical specification.  

The analysis assumes that the unit is operating with technical 
specification primary and secondary coolant specific activities.  
In conjunction with this analysis,- the reactor coolant system 
specific activity technical specification was reduced from 1.0 
VCi/gm to 0.35 VCi/gm. A primary-to-secondary technical 
specification leakrate of 150 gpd is assumed in all steam 
generators prior to the event and in the remaining steam 
generators post-event. The thermodynamic analysis indicates that 
DNB is not exceeded and, therefore, no fuel damage is projected.

14.2-24
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The sequence of events is shown in Table 14.2-2.  

Radiological Conseauences

The radiological consequences of a main steam line break (MSLB) 
were re-analyzed in support of the Alternate Repair Criteria 
(ARC) for steam generators (ref. USNRC GL 95-05)(26). The MSLB 
is of interest due to the rapid depressurization of the secondary 
side and the high differential pressure across the steam 
generator tubes that can occur. Such conditions can result in 
accident-induced primary-to-secondary leakage. The ARC allows 
steam generator tubes having defects to remain in service with 
higher non-destructive examination (NDE) -indications than would 
have been allowed under prior repair criteria, subject to 
conditions established in technical specifications. One such 
requirement is to project, on the basis of the NDE indication 
(voltage), the potential HSLB-induced leakage (95% prediction 
with 95% confidence), and the offsite and control room operator 
doses that could result.

In lieu of calculating the radiological consequence of this event 
with each operating cycle, an analysis was performed to establish 
a maximum allowable accident-induced leakage, against which the 
cycle leakage projections could be compared. This leakage rate 
is the maximum primary-to-secondary leakage that could occur witho
offsite and control room operator doses remaining within,3OCl 
applicable limits. This r- is showed that the rc-0 
hour- thyroid dose .was limiting 

II .lroiJect akage f .0 m Since steam generator tubes 
with N DE c tions c ndin to potential leak rates 
greater .0 'm will be repaire, s is e~pected to be the 
bounding c:~future op rating ccles.'tow l ,ooA C)Pedo-*O1 

The HSL is a~n the containment wall and the 
main steam isolatiih iPalve, resulting in an unisolable release 
path to the environment. This re-analysis was performed using 
the guidance of the Standard Review Plan (SRP) 7 ) with' two 
exceptions: (1) the dose calculation methodology (see Section 
14B.8.5) is based on ICRP-26 and ICRP-30 principles rather than 
that described in the SRP, and (2) the primary-to-secondary leak 
rate is the 95% prediction 95% confidence leak rate projected on 
the basis of NDE indications rather than the value established by 
technical specification.  

The analysis assumes that the unit is operating with technical 
specification primary and seconda coolant s ecific activities.  

spe4Dc a akrate of 150 gpd is assumed in all steam 

generators prior to the event and in the remaining steam : 
generators post-event. The thermodynamic analysis indicates that 
DNB is not exceeded and, therefore, no fuel damage is projected.

14.2-24
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<Page 14.2-53 Insert>

20. SWEC Calculation 12241/11700 UR(B)-480, Radiological Dose 
Consequences at the EAB, LPZ, and in the Control Room due to a 
Postulated LOCA at Beaver Valley Power Station, Unit 1, 1999.  

21. DLC Calculation ERS-JTL-99-014, Safety Analysis of the 
Radiological Consequences of a Waste Gas System Rupture DBA at 
Unit 1, Control Room, EAB and LPZ doses, 1999.  

22. DLC Calculation ERS-JTL-99-009, Safety Analysis of the 
Radiological Consequences of a Fuel Handling DBA at BVPS Unit 
1, Control Room, EAB and LPZ Doses, 2000.  

24. DLC Calculation ERS-SFL-95-008, Safety Analysis of the Common 
Control Room, EAB and LPZ Doses from a.Main Steam Line Break 
Outside of CNMT at Ul with Increased Primary-to-Secondary 
Leakage, 1999.
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TABLE 14.2-10 

PARAMETERS USED IN MAIN STEAM LINE BREAK RADIOLOGICAL ANALYSIS 

Power, MWt 2705 

Offsite AC Power Lost 

Initial Primary Coolant Activity, Dose Equivalent 1-131, uCi/g 0.35 

Initial Secondary Coolant Activity, Dose Equivalent 1-131, uCi/g 0.1 

Initial Primary and Secondary Isotopic Concentrations Table 14B-15 

Concurrent Iodine Spike Release Rates, uCi/s 1-131 1.16E+06 

(Specific for the Main Steam Line Break) 1-132 1.12E+06 
1-133 1.99E+06 
1-134 1.24E+06 
1-135 1.49E+06

Pre-accident Iodine Spike Concentrations 

Iodine Spike Duration, (hours) 

Primary-to-Secondary Leak Rate 
Pre-event, each SG, gpd 
Affected SG Accident Induced gpm 
Post event, each SG, gpd 

Steam Generator Fluid Content 
Liquid, ibm 
Steam, ibm 

RCS Liquid Content, ibm 
Total 
Less Pressurizer 

Steam- Release From Affected SG, ibm 
0-30 min (Initial content and 3.104 gpm) 

30.min - 8 hours (3.104 gpm) 

Steam Release from Intact SG, ibm 
0-2 hours 
2-8 hours 

Duration of Release, hours 

Iodine Partition Factor 
Affected SG 
Intact SGs (Initially) 
Intact. SGs (After 1 hour)

4 

150 
3.0.  
150 

148,104 +10% 
5,781 +10% 

329,500 
314,500 

170,050 
1397 

366,776 
705,393 

8 

1.0 
1.0 

0.01

Table 14B-16



TABLE 14.2-10 

PARAMETERS USED IN MAIN STEAM LINE BREAK RADIOLOGICAL ANALYSIS 

Power, HWt 2705 

, Offsite AC Power C_ Lost 

Initial Primary Coolant Activity, Dose Equivalent 1-131, uCi/g 

Initial secondary Coolant Activity, Dose Equivalent 1-131, uCi/g 0.1 

I Initial Primary and Secondary Isotopic Concentrations Table 14B-15 

Concurrent Iodine Spike Release Rates, uCi/s 1-131 1.IP6E+9 

(Specific for the Main Steam Line Break) 1-132 2 1.• 2 6 

1-133 1 .9 9+06 
1-134 

1 , 

1-135 .49E+

Pre-accident Iodine Spike Concentrations 

Iodine Spike Duration, (hours) 

Primary-to-Secondary Leak Rate 
Pre-event, each SG, gpd 
Affected SG Accident Induced gpm 
Post event, each SG, gpd 

L 

Steam Generator Fluid Content 
Liquid, Ibm 
Steam, ibm 

RCS Liquid Content, ibm 
Total 
Less Pressurizer 

Steam Release From Affected SG, lbm 
0-30 min (Initial content and 3.104 gpm) 
30.min - 8 hours'(3.104 gpm) 

Steam Release from Intact SG, Ibm 
0-2 hours 
2-8 hours 

Duration of Release, hours 

Iodine Partition Factor 
Affected SG 
Intact SGs (Initially) 
Intact. SGs (After 1 hour)

14B-16 

4
~,S' IC-4o0S 

(o. Lit EA-o• 

t •3 E~o(p 
"7. i I E_+7S 

.S LEA-05

hP�. WA-

148,104 +10% 
5,781 +10%

329,500 
314,500 

170,050 
1397 

366,776 
705,393 

8 

1.0 
1.0 

0.01

150 
3.0 
150
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boron concentration reduction rate by ýd and 
bleed, ppm per second 

E removal efficiency of pur cation cycle for 

= radi tive dec constant 

V = escape ra coefficient for diffusion into coolant 

Subscript c ers to cor 

Subscr w refers to coolant 

script i refers to parent nuclide 

subscript j refers to daughter nuclide 

14B.4.1 Reactor Coolant and Secondary System EcMilibrium 
Activities 

The reactor coolant activities tabulated in Table 14B-6 are based 
on 1.0% failed fuel. While these activities were .the basis of 
most design basis radiological analyses performed* during original 
licensing, current analysis practice is to base many of these 
analyses on the primary and secondary equilibrium activities that 
correspond: to the specific activity limits for reactor coolant 
and secondary coolant provided in technical specifications.  
Table 14B-15 tabulates these equilibrium activities.  

14B.4.2 Reactor Coolant System Iodine Sp1iking7 

Two cases of iodine spiking are considered in current design 
basis radiological analyses. The first is the pre-incident spike 
which occurs such . .that the technical specification maximum 
21 gCi/gm dose equivalent 1-131 concentrations are reached just 
prior to accident initiation. The second case is the iodine 
spike that is initiated by the accident transient (i.e., co
incident spike). For this case, regulatory practice requires 
analyses to include an iodine spike appearance rate that is 500 
times the iodine appearance rate that would result in RCS 
equiiibrium concentrations equal to the 0.35 ILCi/gm technical 
specification. Table 14B-16 tabulates the pre-incident spike.  
concentrations and the c-ineidc-nt id--i- .... z --.......c rate&.  

1ic.l"=..cp-Okeo. ,,r•-Lc4-.se_ rv+-S.

14B-4
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- boron concentration reduction rate b~y d and 
bleed, ppm per second 

E removal efficiency of pur cation cycle for 

= radio tive dec constant 

V escape ra coefficient for diffusion into coolant 

Subscript c ers to cor 

SubSscr w refers to coolant 

script ± refers to parent nuclide 

Subscript j refers to daughter nuclide 

14B.4.1 Reactor Coolant and Secondary System Ecuuilibriu,, 
Activities 

The reactor coolant *activities tabulated in Table 14B-6 are based 
on 1.0% failed fuel. While these activities were .the basis of 
most design basis radiological analyses performed during original 
licensing, current analysis practice is to base many of these 
analyses on the primary and secondary equilibrium activities that 
correspond" to the specific activity limits for reactor coolant 
and secondary coolant provided in technical specifications.  
Table 14B-15 tabulates these equilibrium activities.  

14B.4.2 Reactor Coolant System Iodine Spiking 

Two cases of iodine spiking are considered in current design 
basis radiological analyses. The first is the pre-incident spike 
which oq urs such ..that the technical specification maximum 

-Q3,-- 'a••=C/dose equivalent 1-131 concentrations are reached just 
prior to accident initiation. The second case is the iodine 
spike that is initiated by the accident transient (i.e., "co
incident spike). For this case, regulatory practice requires 
analyses to include an iodine spike appearance rate that is 500 
times the iodine appearance rate that would resu)3t in RCS 
equiiibrium concentrations equal to the .as petifgrtechnical 
specification. Table 14B-16 tabulates the pre-incident spike..  
concentrations and the •-i --n -'-r" .... 2p- c - anc r-tc-

,D L,--•'-A-s.

14B-4
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TABLE 14B-15 

FRDWRY AND SECONDARY EQU-ILIBRIUH ACTMTIES 

Corresponding to 0.35 UCilcrm Dose Ecruivalent, 1-131 n RCS,(l)

SG 
LiqUid 

ttci/qm
4.0 ;. E -0 X.  

1.419-01 
1.4'T E+O I 
dt. 4 4 E -02.

BVPS-1-UPDATED FSAR Rev. 16 (1/98)

BG 
Steam 

pc:L/cim 
4. 6 Wr-07- C- A 5 F. -0 7 
13 'ILE-06-t.slit-Olk 
4V44B-ý,2.0 0 c -0 1 
&-.-216L---U6 14-7 IE-09, 

4.0 1 IL -gp 7

RCS 
pcL/qM 

4kr65E--G-2
-2Vft?2-OV 
lv24E+00
IV40E-et 
3144E-01-
&109z-G-k

Nuclide 

.Kr-83m 
xr-:85m 
yx:-85 
Kr-87 
Kr-88 
Kr-89

Xe-132in 
Xe-133m 
Xe-133 
Xe-135m 
Xe-135 
Xe-137 
Xe-i38

4.,74 &-cl 1,17a--ee 
A1.00 V. -01 Z-Wýý 
2-17rL+01

4-!4E--&7-&,4cE-c 
_3-,Wý24E-0ý46ý- S.4,1 E-0 
-2-xýý&(-OOE-o4 
-IwaSFr-Ol5-%( . I E-01.  
,l,4OEmJD4rp,-j.'t'Jf6-VS

2,72S-01- 1-31f -va.GAIR-02 
Q 48r-O Oslt-ax lrw4ýB-02ý 

iaE-ck &vO6B--O& 
1-74 B-03 2vS+B-OS 

2 Isr-01- 3.11t E-VS- 2,*GE--H

6-9ýý IF.If Z -0 If 
-lv44LL-" 1.3%9-04 
3,rGfrE--03q.%3 FE-pat 
2,&4a--GS. wl & E S 
3-. etz=V4 s-m a 4

X-131 
X-132 
X-133' 
X-134 
X-135

A-781 9-01 
1.0 1 a-01 
Lf.1 I A -0 t 
&.osf--OJL 
:..3 C. E-ol

Notes:

1. Steam generator Aquid based on 0. 2. pCi/gm 
steam generator.

D.E. 1-131 in

2. Ref ERE-SM 96-O=-.r47-49ff 
r=FS- PrTL-Rq-oc,7

I of I
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TABLE 1 

PRIMARY AND SECONDARY Ei

Corresponding to 0.35 pCi/g 
Dose Equivalent 1-131 in RCSI')
RCS 

Rci/g 
4.02E-02 
1. 41E-01 
1.48E+01 
9.44E-02 
2.64E-01 
7.65E-03 

4.79E-01 
4.00E-01 
2.97E+01 
9.16E-02 
9.85E-01 
1.89E-02 
*6.47E-02 

2.74E-01 
1.08E-01 
4.11E-01 
6.05E-02 
2.36E-01

SG Liquid 
•ci/gNuclide 

Kr-83m 
Kr-85m 
Kr-85 
Kr-87 
Kr-88 
Kr-89 

Xe-131m 
Xe-133m 
Xe-133 
Xe-135m 
Xe-135 
Xe-137 
Xe-138 

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

Notes:

SG Steam 
ptci/g 

6.45E-07 
1.89E-06 
2.00E-04 
1.27E-06 
3.55E-06 
1.03E-07 

6.45E-06 
5.42E-06 
4.OOE-04 
8.61E-06 
1.44E-05 
2.55E-07 
8.72E-07 

8.38E-04 
1.35E-04 
9.13E-04 
1.76E-05 
3.19E-04

4B-15 L 

QUILIBRIUM ACTMTIES 

_FCorresponding to 0.20 pCi/g 

SDose Equivalent 1-131 in RCS(" 
/ RCS SG Liquid SG Steam 

R ci/g ttci/g Rci/g 
2.30E-02 3.69E-07 
8.04E-02 1.08E-06 
8.44E+00 1.14E-04 
5.39E-02 7.28E-07 
1.51E-01 2.03E-06 
4.37E-03 5.88E-08 

2.74E-01 3.69E-06 

2.29E-o1 3.10E-o6 
1.69E+01 2.29E-04 
5.23E-02 4,.92E-06 
5.63E-01 8.21E-06 
1,.08-02 1.46E-07 
3.70E-02 4.98E-07 

1.57E-01 8.38E-02 8.38E-04 
6.17E-02 1.35E-02 1.35E-04 
2.35E-01 9.13E-02 9.13E-04 

3.46E-02 1.76E-03 1.76E-05 

1.35E-01 3.19E-02 3.19E-04

1. For iodine, steam generator liquid phase based 
2. t 0.01 ToItOninO g in steam phase 

2. Ref.: ERS-AJL-99-007 LAP,. IA--

on 0.1 gCi/g D.E. 1-131 in steam generator,

V%"L A1rcLA-

8.38E-02 
1.35E-02 
9.13E-02 
1.7 6E-03 
3.19E-02

-;LIT Lf
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TABLE 14B-16 

RCS IODINE SPIKE ACTIVITIES 

Pre-incident Concentration, pzCl/gm 

(corresponding to 21 jLCi/gm d.e. 1-131) 

1-131 L-C _0I_ý 
-o 1-132 &.i C400 -5-.69

1-13 3 ;L.&u. E40% 25174
1-134 3.,eO 'i-St
1-135 i~&4o 3-w 

4Co ident Iodine Spike Appearance Rates,, Ci/se 
(500x Equ iurn Rate for 0.35 jtiCi/qm dc 31 

Nlotes: 

I. kef: -mgtr-SYI. Gig ri. iss9s 
~EW - ATL. -qg)-oo7 

t(~ 5 _RT

I Of I

Rev. 16 (1/9e)



PARAMETERS AND ASSUMPTIONS AND MODEL USED 
FOR CALCULATING IODINE RELEASE RATES INTO REACTOR COOLANT 

DUE TO A CONCURRENT IODINE SPIKE

Thyroid dose conversion factors

Nuclide decay constants (X,)

Reactor coolant system leakage (L) 

Reactor coolant system mass (M) 

Letdown purification removal (E) 

Letdown purification flow rate (F) 

Technical Specification equilibrium 
concentrations (EQ) 

Formula for iodine ioss constant 

Concurrent iodine spike 
release rate (RR)

Nuc ide 
1-131 
1-132 
1-133 
1-134 
1-135 

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

mrem/gCi 
1.08E+03 
6.44E+00 
1.80E+02 
1.07E+00 
3.13E+01 

second' 
9.9783E-07 
8.3713E-05 
9.2568E-06 
2.1963E-04 
2.9129E-05

Technical Specification 
maximum allowable values 

Limiting value specific 
to the accident 

1.0 

120 gpm 

Table 14B-15

I0•tal= (F'E/M) + (L/M) + 

ER = EQ * M * Xtt,

"*NOTES: 

Formulas for iodine release rates from EPRI Report, "Review of 
Iodine Spike Data from PWR Power Plants in Relation to SGTR 
with MSLB, TR-103680)" 
This Table is applicable to design basis accident analyses 
performed subsequent to December 1998.



TABLE 14B-16

RCS IODINE SPIKE ACTIVITIES

Corresponding 
21 pCi/g*D.E.  

1-131 1.  
1-132 6.  
1-133 2.  
1-134 3.  
1-135 1.

LA1ý VA-7-T4 
&.. -. 4-r

Pre-incident Concentration, ,Ci/g 

to Corresponding to 

1-131 12 pCi/g D.E. 1-131 
64E+01 1-131 9.40E+00 
48E+00 1-132 3.70E+00 
46E+01 1-13 141E,01 
63E+00 1-134 2.08E+00 
42E+01 1-135 8.11E+00

*z6 

4:

Thyroid dose conversion factors 

Nuclide decay constants (j,) 

Reactor coolant system leakage (L) 

Reactor coolant system mass (M) 

SLetdown purification removal (E) 

! • Letdown purification flow rate (F) 

; •~ quilibrium concentrations (EQ) 

.1 Formula for iodine loss constant

Co-incident iodine spike 
release rate (RR)

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

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

mrem/pCi 
1.08E+03 
6.44E+00 
1.80E+02 
1.07E+00 
3.13E+01 

second-' 
9.9783E-07 
8.3713E-05 
9.2568E-06 
2.1963E-04 
2.9129E-05

Technical Specification 
maximum allowable value 

Limiting value specific 

to the accident 

1.0 

120 gpm 

Table 14B-15 

Atota, - (F*E/M) + (L/M) + Ir

RR - EQ * M * )-total

Notes: 
1. Formulas for iodine release rated from EPRI Report, "Review of 
Iodine Spike Data from PWR Power Plants in Relation to SGTR with 
MSLB, TR-103680.  
2. This Table is applicable to design basis accident analysis 
performed subsequent to December 1998.  
3. Ref.: ERS-AJL-99-007

Co-incident Iodine Spike Rate - Parameters, Assumptions and Model



ATTACHMENT D 

Beaver Valley Power Station, Unit No. 1 
License Amendment Request No. 284

Evaluation of BVPS Unit 1 Release Rate Data



Evaluation of BVPS Unit 1 Release Rate Data

BVPS has investigated the history of iodine spiking at Unit 1 in support of the effort to 

lower the Dose Equivalent 1-131 Technical Specification 3/4.4.8 limit for the Reactor 

Coolant System (RCS) to 0.20 microcuries per gram. This analysis was performed 

pursuant to NRC Generic Letter (GL) 95-05, Section 2.b.4, for plants reducing their 

Dose Equivalent 1-131 limit to justify the iodine spiking assumptions used in 

accordance with the Standard Review Plan.  

GL 95-05 requires that the spiking analysis be performed using the methodology 

described in The Iodine Spike Release Rate during a Steam Generator Tube Rupture, 
J. P. Adams and C. L. Atwood, Nuclear Technology, Volume 94, page 361 (1991).  

BVPS Unit 1 RCS iodine values were reviewed, starting with Cycle 5 data in 1985, and 

concluding with Cycle 13 data in the year 2000 (Cycle 5 was selected as the starting 

point since there is no fuel failure data prior to Cycle 5, and the iodine data prior to 1985 

frequently lacks all of the data requirements listed in Adams and Atwood). Over 1600 

RCS iodine analyses were reviewed; 56 of these were directly related to plant trips. Of 

the 56 trips reviewed, only 28 met all of the data requirements of Adam and Atwood: 

1. Sufficient steady-state power prior to the plant trip to ensure an adequate 

buildup of iodine. The specific criterion used was a minimum of 5 days at 

steady-state power operation, resulting in a minimum of 35% of the steady 

state 1-131 concentration. In nearly all cases, the steady-state power 

operation lasted several weeks to several months rather than the minimum of 

5 days.  

2. Knowledge of the steady-state iodine concentration.  

3. Availability of at least one post trip chemistry sample taken 2 to 6 hours 

after the plant trip.  

4. No post trip RCS perturbation (e.g., recriticality) prior to the RCS sample.  

5. Availability of all requisite transient information (purification flow, plant 

trip date and time, post trip sample date and time).  

Additionally, the purification flow rate had to be constant before and after the transient, 

as was stated in Adams and Atwood, Section II.C.

D-1



The 28 plant trips that met all of the data requirements of Adams and Atwood were then 
subject to analysis as described in their paper. The results are listed in Table 1. All 
values are well within the bounds of the data set listed in Adams and Atwood. One 
cycle (Cycle 7) operated defect free; the other cycles had defects ranging from one 
failed rod to 35 failed rods. In all cases, the release rate spike factor was well below the 
Standard Review Plan assumed value of 500.  

In addition, all RCS Dose Equivalent 1-131 spike values were below the proposed RCS 
limit of 0.20 microcuries per gram. One RCS Dose Equivalent 1-131 value, taken 
following the spike on May 7, 1994, comes very close to the proposed limit (1.969E-1 
microcuries per gram), yet had a spike of only 91.82. Other recorded spike values were 
well below the proposed 0.20 microcuries per gram limit, and had spike factors well 
below 500 as well.  

Finally, the maximum normalized release rate was calculated to be 7.463E-2 
Ci/hr*Mwe. This release rate is far below the 95% confidence bound on the 90d, 
percentile, given by Adams and Atwood as 1.09 Ci/hr*Mwe.  

Therefore, using the methodology referenced by GL 95-05, the RCS Dose Equivalent 
1-131 data fully supports lowering the RCS Dose Equivalent 1-131 Technical 
Specification limit to 0.20 microcuries per gram without compromising the Standard 
Review Plan assumption of a post-event iodine spike factor of 500.  

It is noted that the BVPS Unit 1 RCS Dose Equivalent 1-131 data is below most industry 
values because the BVPS Unit 1 fuel failure mechanisms (primarily grid-to-rod fretting) 
have placed most of the BVPS Unit 1 fuel failures in the peripheral regions of the core.  
The power factors in these peripheral regions are very low due to the BVPS Unit 1 use 
of low-leakage core designs. Therefore, although BVPS Unit 1 has had a number of 
fuel failures, they have occurred in rods where there was relatively little generation of 
fission products.
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Table I 
Evaluation of BVPS Unit I Iodine Release Rate Data

Sample Date & Time % Power 1-131 DEI-131 DEI-131 SPIKE R3(2) (Ci/hr) R3(2)/P (CVhr-Mwe) 

2/10185 14:15 100 1.118E-03 2.987E-03 

2/20/85 8:36 0 4.002E-04 2.259E-03 7.565E-01 7.280E-01 8.545E-04 

4/18/85 19:15 97.8 9.899E-04 2.758E-03 

4/26/85 21:27 0 5.402E-04 2.098E-03 7.606E-01 6.760E-01 8.112E-04 

9/9185 17:40 98 1.570E-03 6.447E-03 

9/16/85 12:38 0 3.581E-03 9.193E-03 1.426E+00 2.962E+00 3.547E-03 

5/9/86 18:00 84.7 5.962E-03 2.049E-02 

5/17/86 3:15 0 2.488E-02 3.635E-02 1.774E+00 1.174E+01 1.627E-02 

End Cycle 5 

1/11187 19:55 98.8 3.472E-03 6.812E-03 

1/12/87 3:46 0 2.080E-02 2.447E-02 3.592E+00 7.884E+00 9.366E-03 

2/1/87 19:25 100 1.950E-03 5.229E-03_ 

2/8/87 12:00 0 3.828E-02 4.276E-02 8.177E+00 1.376E+01 1.615E-02 

4/19/87 16:33 99.5 1.606E-03 4.956E-03 

4/25/87 1:50 0 5.863E-02 7.OOOE-02 1.413E+01 2.261 E+01 2.667E-02 

End Cycle 6 

6/5/88 17:38 99.7 1.983E-03 3.602E-03 

6/11/88 13:10 0 3.856E-03 4.054E-03 1.125E+00 1.308E+00 1.540E-03 

5/16/89 17:55 89 1.139E-03 3.060E-03 

5/18/89 4:37 0 1.071E-02 1.644E-02 5.372E+00 5.284E+00 6.969E-03 

End Cycle 7 

1/16/90 18:47 100 2.134E-04 1.003E-03 

1/19/90 20:45 0 1.494E-04 6.035E-04 6.016E-01 1.950E-01 2.289E-04 

3/25/90 17:31 99.4 1.885E-04 9.169E-04 

3/30/90 18:00 0 1.656E-04 6.252E-04 6.81 9E-01 2.020E-01 2.385E-04 

7/8/90 16:50 100 7.359E-04 1.814E-03 

7/14/90 2:00 0 9.461E-03 1.091E-02 6.014E+00 3.525E+00 4.137E-03 
10/5/90 17:57 99 7.417E-04 1.696E-03 

10/6/90 6:35 0 6.724E-02 7.983E-02 4.706E+01 2.574E+01 3.051E-02 

12/20/90 16:25 98.5 1.189E-03 2.341E-03 

12/26/90 14:25 0 2.580E-02 2.764E-02 1.181E+01 8.895E+00 1.060E-02 

End Cycle 8 
9/17/91 11:40 100 1.234E-04 5.845E-04 

9/18/91 7:45 0 3.050E-04 8.115E-04 1.388E+00 2.615E-01 3.069E-04 

10/17/91 10:50 100 1.466E-04 6.130E-04 

10/22/91 8:55 0 2.669E-04 6.430E-04 1.049E+00 2.070E-01 2.430E-04 

10/8/92 9:05 90 4.140E-04 1.276E-03 

10/9/92 19:30 0 1.283E-02 1.783E-02 1.398E+01 5.751E+00 7.500E-03 

End Cycle 9 

10/12/93 9:30 99.6 3.303E-04 1.095E-03 

10/12/93 18:18 0 5.711E-02 6.701E-02 6.121E+01 2.165E+01 2.551E-02 

515/94 8:25 100 7.571E-04 2.145E-03 

5(7194 11:00 0 1.682E-01 1.969E-01 9.182E+01 6.358E+01 7.463E-02 

7/19/94 9:45 100 8.411E-04 2.994E-031 

7/19/94 19:35 0 2.862E-02 4.167E-02 1.392E+011 1.340E+01 1.573E-02
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Table 1 
Evaluation of BVPS Unit I Iodine Release Rate Data 

(Continued)

Sample Date & Time % Power 1-131 DEI-131 DEl-1 31 SPIKE R3(2) (CiWhr) R3(2)/P (Ci/hr*Mwe) 

End Cycle 10 
8117/95 8:50 99.7 1.005E-03 3.288E-03 
8/19/95 3:20 0 6.157E-02 7.705E-02 2.343E+01 2.482E+01 2.922E-02 

12/14/95 7:57 100 1.523E-03 4.624E-03 
12/19/95 1:00 0 7.817E-02 9.539E-02 2.063E+01 3.089E+01 3.625E-02 

End Cycle 11 
5/30196 9:46 99.8 3.503E-04 1.601E-03 

6/11/96 1:15 0 3.735E-03 5.674E-03 3.544E+00 1.828E+00 2.150E-03 
8/1t96 9:25 100 4.642E-04 1.873E-03 
8/5/96 8:53 0 6.474E-04 1.661 E-03 8.865E-01 5.337E-01 6.264E-04 

3/12/97 10:31 99.5 5.709E-04 2.466E-03 
3/19/97 8:55 0 4.155E-02 5.299E-02 2.149E+01 1.707E+01 2.013E-02 

End Cycle 12 
1/21/99 9:12 100 3.839E-04 1.635E-03 

1/23/99 13:38 0 1.699E-03 2.926E-03 1.790E+00 9.471E-01 1.112E-03 
4/8/99 10:35 100 4.021E-04 1.676E-03 
4/13/99 5:45 0 1.027E-03 1.450E-03 8.652E-01 4.669E-01 5.480E-04 

9/2/99 9:42 100 6.608E-04 2.439E-03 
9/6/99 19:56 0 3.083E-02 3.993E-02 1.637E+01 1.288E+01 1.512E-02 

End Cycle 13 1 1 1 1
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DISCUSSION 

General 

This calculation determines control room operator, exclusion area boundary (EAB) and low 
population zone (LPZ) radiation doses following a main steam line break design basis accident 
(MSLB DBA) at BVPS Unit 1. Doses for the whole body (effective dose equivalent - EDE), the 
thyroid (committed dose equivalent - CDE) and the skin (skin dose equivalent - SDE) are 
calculated. The plant parameters and assumptions used herein are consistent with the plant 
design basis, and they provide results that define the upper bound of the accident dose 
consequences. As a design basis calculation, this Is not Intended to show what the expected doses 
would be, but rather what they might be If the plant Is operated at "worst case' limits (operating at 
the NRC Ucense limits) and using %worst case* accident conditions. The combination of 
circumstances that would result in the associated maximum dose Is unlikely to occur.  

This revision of the MSLB radiological analysis was prompted by a need to Increase the allowable 
accident Induced primary-to-secondary leak rate. This became necessary after the Westinghouse 
analysis of projected end of cycle leak rate produced a Unit 1, Cycle 14 value higher than that 
analyzed in the previous revision of this calculation. Without compensatory actions, this higher 
projected leak rate will result In analyzed accident doses that. exceed regulatory criteria.  
Consequently, this analysis Is being revised using assumed reactor coolant system (RCS) 
radioactivity upper limits of 0.20 jLCVg steady state and 12 IC/g transient dose equivalent Iodine 
131. These are lowered from the previous limits of 0.35 IxCig and 21pCi/g, respectively. All other 
parameters, assumptions and methodologies used in this revision remain unchanged.  

Main Steam UIna Break Accident 

This DBA'Is described In the Unit 1 UFSAR1 and NUREG 0800 Chapter 15, Section 15.1.52.  
Additionally, because BVPS Unit I has Implemented steam generator altemative repair criteria 
(ARC), NRC Generic Letter 95-0e also Influences the accident scenario.  

The MSLB accident begins with a rupture of one of the three main steam lines that carry steam 
from the steam generators to the turbine. The break location Is assumed to be In the turbine 
building, because using this as the release point will result in the lowest amount of atmospheric 
dispersion as the plume travels to the control room ventilation system Intake. Because of the 
relatively longer distances, offsite doses are not Influenced by the release location. Consequently.  
the bounding break location Is strongly Influenced by release point atmospheric dispersion factor 
with respect to the control room ventilation system Intake. Normally, any steam release in the 
turbine building would be prevented by closure of the main steam line Isolation valve, located In 
the main steam valve room just outside of the reactor containment building. However, there Is 
only one Isolation valve per line and this Is assumed to remain open as the single active 
component failure for this accident.  

The line break discussed above represents the most significant radioactivity release pathway. The 
liquid contents of the associated steam generator will flash to steam, releasing all of the 
radioactive Iodine and noble gas contained therein. Additionally, an assumed existing primary to 
secondary leak (at the Technical Specification' limit allowable leakage rate) plus additional 
leakage Induced by the accident transient, will continually release radioactivity via the break until 
the primary system pressure has been reduced to atmospheric pressure.
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Another analyzed release pathway of much less radiological significance is the steam release via 

the two Intact steam generators. Because AC power is assumed to be unavailable, the condenser 

steam dump valves will remain dosed. Because of this, plant heat must be removed by releasing 

steam through the main steam safety or atmospheric steam dump valves. This release will 

continue until the RCS has been cooled to the point where the residual heat removal system 

(RHRS) can be placed in service. Upon the steam line break and reactor trip, the steam valves 

will open. This is assumed to cause an Immediate release of the steam generators steam content 

and the radioactivity contained therein. Until the RHRS is placed in service, the steam release will 

continue, releasing a portion of the radioactive Iodine that was initially contained in the steam 

generator liquid, and radioactive noble gas and Iodine released into the generators due to 

assumed, existing primary to secondary leaks (at the Technical Spedfication' limit allowable 

leakage rate). Because of the possibility that the water level in the steam generators may drop 

below the level of the tubes for a brief period, all of the Iodine contained in the primary system 

leakage is assumed to flash with the steam and is released without any credit for retention in the 

steam generator liquid (partitioning factor of 1.0) until the water level can be restored.  

The radiological source term for the MSLB accident consists of the noble gas and Iodine contained 

in the RCS and In the steam generators, both assumed to be at the Technical Specification"' 

concentration limits. While no fuel failure Is postulated to occur due. to the transient, two different 

scenarios are analyzed which consist of additional Iodine being released Into the RCS (iodine 

spike) from existing fuel defects. First an analysis Is performed assuming that a spike event has 

occurred prior to the MSLB. This pre-accident spike raises the RCS activity to the Instantaneous 

limit of 12 iLCVg (proposed in this revision), at which time the accident occurs. The second 

scenario assumes the release of Iodine from the fuel as a consequence of the transient. This co

Incident Iodine spike results in a release of Iodine into the RCS at a rate assumed to be 500 times 

that which would maintain the RCS concentration at the 48 hour limit of 0.20 R/CVg (proposed In 

this revision).  

Calculation History 

As part of the Unit 2 Ucensing effort, SWEC performed calculations of the potential control room 

doses from DBAs at Unit 2!.e and at Unit 19'w. These calculations became part of the licensing 

basis for BVPS-I and 2 and have been documented In the UFSARs"'.  

In 1994, Westinghouse performed analysesn to support the interim use of steam generator tube 

plugging limits based on voltage Indications. These analyses Included re-anatysis of the offslte 

consequences of a postulated main steam line break during which a degraded tube leaks at rates 

higher than technical specification limits. Based on these analyses, Westinghouse postulated that 

a 6.6 gpm leakage could be tolerated and not exceed EAB thyroid dose of 30 rem. Based on 

correlation analyses it was determined that the potential 95% 195% leakage rate associated with a 

2.0 volt indication was much lower than 6.6 gpm providing reasonable margin of safety. In the 

licensing action, the NRC authorized use of a I volt criterion"° for cycle 11. While offsie doses 

were evaluated In the Westinghouse report, control room doses were not.  

In August 1995, the NRC Issued Generic Letter 95-0e, Voltage-Based Repair Criteria for 

Westinghouse Steam Generator Tubes Affected by Outside Diameter Stress Corrosion Cracking.  

The generic letter specified that the accident leak rate acceptability needed to assess the offsite 

and control room doses. Ucense amendment requests for these altemate plugging criteria must 

meet the guidance of the generic letter. Revision 0 (October 1995) analyzed the postulated control 

room doses at the projected accident leakage rate In support of a license amendment request for 

cycle 12 and beyond. Since then the calculation has been revised as follows:
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Revision I (December 1996) - The source term was calculated based on DE-1-131 values of 0.5 
and 0.35 uCi/gm (1.0 uCi/gm In Rev. 0). New short term X/Q values calculated in ERS-SFL-96
02114 were used. The EAB and LPZ doses were calculated. The DE-1-131 used in Revision 0 was 
based on the dose conversion factors of TID1484421 15 . Revision I uses Isotolic concentrations 
developed using the ICRP 26/30 based, EPA Federal Guidance Report No. 11 dose conversion 
factors.  

Revision 2 (February 1997) - Corrected typo on LPZ table.  

Revision 3 (January 1998) - Revised control room ventilation parameters, and RCS and steam 
generator mass values. Appendices added to address concurrent Iodine spiking, and RCS and 
steam generator mass values, respectively.  

Revision 4 (March 1998) - Revised RCS density value used. A sensitivity analysis of the effect of 
RCS and steam generator water and steam mass was completed and Included.  

Revision 6 (June 1999) was performed in response to Condition Report 97239017 (Corrective 
Action 972390-2). The requirement for verification of parameters and assumptions imposed by 
this condition report resulted in substantial changes to this calculation. New source terms were 
calculated based on revised calculations of core Inventory and 1% failed fuel concentrations 
performed by SWEC1 "'8 1 . The calculation of concurrent Iodine spike appearance rates was 
revised. Specifically the radioactivity transfer rate constant used In the calculation was revised to 
Include the total RCS Technical Specification leakage (identified + unidentified + primary to 
secondary leakage), max letdown (purification) flow rate, and max purification efficiency. This 
revision completely supercedes the previous revision. In addition, the control room dose from 
control room filter shine and plume shine were calculated.  

This Revision (Revision 6) was performed to evaluate the doses resulting from a Main Steam Une 
Break (MSLB) event assuming that the RCS activity concentration limits are reduced to 0.20 pCVg 
(48 hour) and dose equivalent 1-131. Associated with this is a revised, commensurately higher 
assumed primary-to-secondary leakage rate In the faulted steam generator. This is In keeping with 
the purpose of the analysis, that is, to use the highest leakage rate while maintaining doses within 
all applicable limits. Two slight over-conservatisms are removed: 1) allowable steam generator 
primary-to-secondary leakage was previously double counted in the concurrent Iodine spike 
calculation, and 2) the maximum transient RCS activity concentration had the 48 hour maximum 
concentration added to it for the dose calculations. These changes in assumptions have a very 
small affect on the results. The sensitivity analyses are removed from the calculation package.  
These are still performed and maintained on file; however, only the bounding case Is documented 
herein. Because the plume and filter shine dose for the control room operator are not Included as 
part of the current design basis assumptions, and the dose contribution from these sources is 
small, this part of the calculation (added In the last revision) is not carried forward In this revision.  

METHODOLOGY 

Overall Methodology 

The analyses In this revision use version 1.0a of the TRAILS..PC (for Transport of Radioactive 
mAterial In Unear Systems), PC version documented in ERS-SFL-96-004 . This version Is the 
same as that used in the revisions I - 4 analyses with the exception that the t.0a version 
calculates the control room, EAB and LPZ doses in a single computer run. This analysis contains 
no methodologies that have not been previously used In BVPA Unit I DBA analyses and reviewed 
by the NRC.
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Main Steam Une Break Release Modeling 

The radioactivity releases from this accident are addressed In a series of cases. The results from 

applicable cases are summed to obtain the total postulated dose. The release cases are (see 
Attachment 1): 

FRP: Release from Eaulted steam generator, Rupture leakage, Ere-incident RCS Iodine spike 

activity. Release rate from steam generator equal to release rate from RCS. No hold-up or 
iodine decontamination credited. Eight hour release. Noble gas and Iodine considered.  

FRC: Release from Eaulted steam generator, Rupture leakage, Poncurrent RCS Iodine spike 

activity plus TIS equilibrium activity. Release rate from steam generator equal to release 

rate from RCS. No hold-up or iodine decontamination credited. Eight hour release. Noble 
gas and Iodine considered.  

ITN: Release from Intact steam generators, Technical Specification limit leakage, RCS Noble 
gas activity. Release rate from steam generator equal to release rate from RCS. No hold
up credited. Eight hour release. Noble gas considered.  

ITP: Release from Intact steam generators, Technical Specification limit leakage, Ere-incident 
Iodine spike RCS activity. Release rate from steam generator equal to release rate from 

RCS. Eight hour release. No hold-up credited. However, release rate reduced by factor of 
100 to reflect Iodine partitioning after one hour.  

Note: Partitioning credit is appropriate whenever the steam generator level Is such that the tube 

leak location Is submerged. In this event, the level in the Intact steam generators will 
Initially drop, but is assumed to be restored within one hour. See Assumption 1.8 below.  

ITC: Release from Intact steam generators, Technical Specification limit leakage, Qoncurrent 
iodine spike plus TIS equilibrium RCS activity. Release rate from steam generator equal to 
release rate from RCS. Eight hour release. No hold-up credited. However, release rate 
reduced by factor of 100 to reflect Iodine partitioning after one hour.  

See note above under ITP 

FLI: Release from Eaulted steam generator, Liquid Iodine activity Initially present In steam 
generator. Release rate based on release of 99.9999% of pre-accident activity in the liquid 
phase in 30 minutes.  

Note: The 30 minute assumption is based on the assumption used In the original and all prior 

analyses. The exponential release model used front-loads the activity release, thus, the 
assumption will be retained as It is sufficiently conservative.  

ILl: Release from Intact steam generators, Liquid iodine activity Initially present In steam 
generator. Release rate based on steaming rate of steam generator. Hold-up is modeled.  
Release rate reduced by a factor of 100 to reflect iodine partitioning.  

Note: This partitioning Is not affected by steam generator level since the activity was dispersed in 

the liquid prior to the event. Case ITP I ITC I ITN address leakage after the start of the 
event.  

ASA: Release from All steam generators, fiteam space activity Initially present In steam 
generators, pre-Incident steam generator activity, All nuclides. Instantaneous puff release 
(99.9999% In 1 second.).
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For the pre-incident iodine spike cases FTP and ITP, a transient dose equivalent Iodine-131 
activity of 12 ICIgm will be used (in this revision) to obtain the pre-incident activities for the five 
Iodine nuclides.  

For the co-Incident Iodine spike cases' FTC and ITC, the iodine appearance rates are assumed 
equal to 500 times the iodine appearance rate that yields an operating steady-state 0.20 piCVgm 
dose equivalent Iodine-131 concentration. The Iodine spike is additive to the postulated, existing 
Iodine and noble gas equilibrium concentrations at the assumed steady-state concentration. At 
four hours post accident, the co-incident spike ceases (modeled by dividing Iodine appearance 
rates by 500). This conservative assumption is retained from previous revisions.  

For the ITN case, the noble gas concentrations associated with the 0.20 g..CVgm dose equivalent 
iodine-131 RCS equilibrium concqntration are used.  

For the FU and ILl cases, the Iodine activities In the steam generator liquid phase associated with 
the 0.1 giCVgm secondary equilibrium concentration dose equivalent iodine-131 Technical 
Specification limit are used. Noble gases are assumed to enter the steam phase Immediately.  

For the ASA case, the Iodine activities In the steam phase associated with the 0.1 pCVgm 
secondary equilibrium concentration DE 1-131 Technical Specification limit are used. The noble 
gas activities associated with the primary 0.20 piCigm RCS equilibrium concentration DE 1-131 are 
used.  

Percent Power I Percent Steam Generator Tubes plugged Sensitivity Analysis 

Dose from the MSLB accident Is primarily dependent upon releases from the faulted steam 
generator (at the Technical Specification activity concentration limit) and the release of RCS 
through the faulted steam generator. The source terms for each of these are mass dependent, 
which Is in turn both power level and percent of tubes plugged dependent. As power level changes 
the source release for one of these Increases while the other decreases. This necessitates a 
sensitivity analysis to determine which combination of percent power and percent plugging results 
in the highest overall dose as the result of a MSLB accident. This may result In the use of a 
particular mass that is not bounding for a specific release case, but when used in conjunction with 
the other mass values Is bounding for the total of all release cases. For example, a steam 
generator steam mass may be used that is not bounding for the ASA case, but when used with the 
corresponding steam generator liquid mass is bounding for the total of all release cases.  

In order to determine which combination of percent power and percent plugging (and their 
associated RCS and steam generator mass values) results in the highest dose, sets of source 
terms and radioactivity transfer rate constants were calculated for the following four cases: (1) 0% 
power, 0% plugging (2) 0% power, 30% plugging (3) 100% power. 0% plugging and (4) 100% 
power, 30% plugging. These cases were analyzed for control room thyroid CDE, the limiting dose 
quantity for the Unit 1 MSLB analysis.  

The results of the sensitivity analysis performed for this revision produced the same conclusion as 
that done for the previous revision. The conditions of 0% power, 30% plugging, produce the 
bounding accident conditions, and are again used for the bounding conditions in the analysis. Only 
this combination of power and plugging is Included In this calculation package, with the other 
combination analyses maintained on file.
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INPUT DATA AND ASSUMPTIONS 

1.0 Assumptions 

1.1 The analysis of the main steam line break (MSLB) is based on the guidance provided In 

Chapter 15.1.5 of Reference 2 supplemented by Reference 3.  

1.2 There Is no failed fuel for the MSLB.  

The Unit I UFSAR shows that DNS Is not exceeded for a MSLB. In accordance with 

Reference 2, no fuel damage need be assumed If DNB Is not exceeded.  

1.3 The MSLB occurs outside of containment releasing activity from the faulted and the Intact 

steam generators.  

1.4 The transport of radioactivity from the point of release to the control room Intake or offsite 

receptor Is assumed to be Instantaneous.  

1.5 The control room Is isolated by manual operator action within 30 minutes.  

The validity of this assumption was challenged by the Onsite Safety Committee obtained 

timing data during validation of Emergency Operating Procedure"'Za (EOP) changes related 

to that amendment. The results Indicated that It would take 17 minutes for the operator to 

manual Isolate the control room. This is well within the thirty minute period assumed. The 

margin Is considered adequate to address uncertainty associated with the application of 

these results at Unit 1, and Including the approximate 1. 1 minute delay-"24 ' In equipment 

reshonse due to loss of AC power and subsequent diesel start and sequencing. See 
Attachment 2.  

1.6 Incoming air Is uniformly distributed throughout the control room volume.  

This Is a conservative assumption in that the radiation monitors will alarm when the exposure 

rate from the cloud of gases adjacent to the monitor exceeds the setpoint. Assuming 

complete mixing reduces the concentration and monitor exposure rate, thereby delaying the 

Isolation actuation.  

1.7 Loss of power Is assumed coincident with the control room Isolation actuation.  

This assumption differs from that at Unit 2, where, loss of power Is assumed coincident with 

the accident. The Unit I assumption Is more conservative. However, the Unit 2 assumption 

meets the requirements of §3.1.1.3 of the UFSAR that states that a loss of offsite power Is 

assumed if the postulated event or Its effects results in a reactor or turbine trip. This 

requirement Implies a coincident loss of power. Historically, this analysis has been 

performed assuming unavailability of the condenser at T = 0 due to the loss of power. This Is 
conservative with respect to Assumption 1.7.
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1.8 The level In the unaffected, Intact steam generators is restored to greater than 5% narrow 
range within one hour.  

In response to the rapid pressurization of the main steam line, main steam line isolation 
(500 psig) will occur, pressurizer level will drop to below the safety Injection actuation spt 
point (1845 psig). When safety Injection occurs, all three auxiliary feed water-umps VAil 
receive a start signal and will inject water Into the steam generators. The EOP will have 
the operator Isolate feed water to the faulted steam generator. However, the EOP2 directs 
the operator to ensure that (1) the discharge MOVs for the Intact generators are fully open, 
and (2) once level Is restored, that the level Is controlled between 5% and 50%. It Is 
significant to note, that If the level Is less than 5% In all Intact steam generators and feed 
water flow Is less than 350 gpm, a heat sink red .ath critical safety function terminus Is 
declared and function restoration procedure FR-H.I.1 Is entered. As long as the heat sink Is 
in a red path, all operator attention Is directed to restoring the heat sink. Simulator training 
scenarios responses indicate that the level Is restored to greater than 5% within 30 minutes 
from completion of blow down of the faulted generator. It Is therefore reasonable to assume 
that partitioning be credited after one hour from the start of the event. The doubling of the 
expected time to cover the tubes was done to provide additional margin for this qualitative 
conclusion.  

The validity of this assumption was challenged by the OSC during review of the technical 
specification amendment request for Unit 2. The Procedures group obtained timing data 
during validation of Unit 2 EOP changes related to that amendment. The results Indicated 
that it would take 43 minutes to restore- level. This Is well within the one hour period 
assumed. The margin Is considered adequate to address uncertainty associated with the 
application of these results at Unit 1. See Attachment 2.  

1.9 The EDE result provided by TRAILS Is assumed to correspond to the whole body photon 
guideline in NUREG 0800, Section 6.42, the skin DE to whole body beta, and the thyroid.  
CDE to thyroid.  

In the review of Revision 0 to this calculation package, the NRC staff accepted the use of 

these revised dose quantities.  

2.0 Input Data 

2.1 Reactor Coolant System Radioactivity Concentrations 1301 

The concentrations used In this revision are calculated from the 1% failed 
fuel RCS liquid, steam generator liquid and steam generator steam activity 
concentrations1'"1, and assuming the following operating limits: 0.20 
pCi/gm DE 1-131 in primary liquid (RCS), 0.1 ;tCi/gm DE-1-131 In secondary 
liquid (steam generator liquid) and 12 lCilgm DE 1-131 In primary liquid 
(RCS) during transient conditions.
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[A]1a.io [AJIa�2o steam

S/G Steam 
(itC110m)

_______ .1 ___ 1. - I - I - -
3.69E-07 
1.08E-06 
1.14E-04 
7.28E-07 
2.03E-06 
5.68E-08 
3.69E-06 
3.101E-06 
2.29E-04 
4.92E-06 
8.21E-06 
1A6E-07 
4.98E-07

1-131 1.57E-01 8.38E-02 8.38E-04 9A0E+00 
1-132 6.17E-02 1.35E-02 1.35E-04 3.70E4-00 
1-133 2.35E-01 9.13E-02 9.13E-04 1.41 E+01 
1-134 3.46E-02 1.76E-03 1.76E-05 2.08E+00 

1-135 1.35E-01 3.1gE-02 3.19E-04 I 8.11E+00

Notb: Steam generator steam concentration for noble gas Is based on RCS 
concentration, primary-to-secondary leak rate and steam flow. Iodine 
concentration Is based on steam generator liquid and 0.01 partitioning 
between the riquid and steam phases.  

2.2 Concurrent Iodine Spike Rate (ILCi/sec) - See Appendix I

2.3 Concurrent Iodine Spike Duration -4 hours 

2.4 Technical Specification Primary-to-Secondary Leakage

150 gpd any one steam generator, 450 gpd total for all three steam generators 

2.5 RCS Density @ 576.6 -F = 44.13 Ib/ft3 

2.6 Primary Coolant Mass

[Calculated] 

[1,10.31,321

141

[311 

133]

Radio
nuclide

Kr-83m 
Kr-85m 
Kr-85 
Kr-87 
Kr-88 
Kr-89 
Xe-131m 
Xe-133m 
Xe-133 
Xe-135m 
Xe-135 
Xe-137 
Xe-138

[AI o&2 
RCS 

(uCi/am)
2.30E-02 
8.04E-02 
8.44E+00 
5.39E-02 
1.51 E-01 
4.37E-03 
2.74E-01 
2.29E-01 
1.69E+01 
5.23E-02 
5.63E-01 
1.08E-02 
3.70E-02

Comoonent 
RCS excluding PZR, 30% plugging 
PRZ water C 0% power 
RCS C 0% power, 30% plugging

Value 
7127 fi 

340 fO 
7467 f

x 44.13 Ib*ft 
(3.145E5 Ib) 
(1.500E4 Ib) 
(3.295E5 Ib)

2.7 Primary-to-Secondary Leakage Mass = 1 glcc [Assumption,34]

RTL: 

n/a Form: RE 1.103-3 9/•2

S/G Liquid 
(tLCvom)

(Al 12 
RCS 

(AC11gm)
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2.8 Secondary Side Mass: [33,35] 

Comoonent Value +10% 
Steam generator liquid @ 0% power, 30% plugging 148104 Ibm 162914 Ibm 
Steam generator steam @ 0% power, 30% plugging 5781 Ibm 6359 Ibm 

Note: The steam generator liquid and steam mass values provided by 
Westinghouse" are given with an associated uncertainty (±10%) to be 
applied in the bounding direction. The +10% values are listed for use in this 
calculation based on the following: The steam generator lquid mass Is used 

In the calculation of radioactivity transfer rate constant for the IL case only.  

It Is also used in the source term calculation for the IL and the FU cases.  
For the ILl case changing the steam generator liquid mass Is offset by the 

proportional changes in the radioactivity transfer rate constant and in the 
source term. However, for the FU case, Inreasing the steam generator 
liquid mass. Increases the source term but the radioactivity transfer rate 
constant remains the same, resulting in Increased dose. Therefore, the 

maximum steam generator Liquid mass Is bounding for th• Unit 1 MSLB 
accident analysis. The steam generator steam mass Is used in the ASA 

case only. For the ASA case, steam generator steam mass Is used to 

calculate the source term, but Is not used to calculate the radioactivity 
transfer rate constant. As the mass Increases so does the source term and 

subsequently the dose.. Therefore, the maxinum steam generator Steam 
mass Is bounding for the Unit I MSLB analysis.  

2.9 Iodine Partition Factors: Faulted steam generator,= 1.0 [2,10,321 
Intact steam generators 0-1 hour = 1.0 
Intact steam generators after 1 hour = 0.01 

See Assumption 1.8 for Justilication of I hr partition factor.  

2.10 TIme to Isolate Faulted Steam Generator 8 hours [1.10,31,32] 

2.11 Steam Release from Faulted Steam Generator. [Assumptlon,10,32] 

0 - 0.5 hours = all of the liquid and steam mass Initially present 
0.5 - 8 hours = mass for total P-to-S leak rate 

2.12 Steam Release from Intact Steam Generators: [10,31,321 

0-2 hrs = 336.776 lb 

2-4 hrs = 705,393 lb 

2.13 Offslte Breathing Rate (0-8 hours) = 3.47E-4 mi/sec [361 

2.14 Accident ./Q Values - Offsite (sec/rm) [14] 

Location 2h8 hrs 
EAB 1.04E-3 
LPZ 6.04E-5 

Note: Because the release ends at 8 hours post-accident, ZM values 
beyond 8 hours are not used in this analysis.
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Control Room Parameters 

The control room desian and operatinq parameters used in this calculation are consistent with the 
current analysis of record with the exception of the 20 minute delay for operator action to start the 
emeraency pressurization fan. The BVPS control room consists of control areas for both Unit I 
and Unit 2. This common control room Is served by a single bottled air emergency pressurization 
system and two tittered air, fan pressurized systems. Flow and fitration specifications for these 
two systems are Identical; however there are two major differences. The first Is that, because Unit 

I has only one fan, It Is a single train system, whereas Unit 2 has two separate and Independent 
trains. The second difference Is that there Is no pressurization fan auto-start function for the Unit I 
system. Unit 2 Is not affected by this because Unit 2 Technical Specifications do not recognize the 
Unit I system (the two Independent Unit 2 trains only are considered). Unit I Technical 
Specifications recognize both Unit 2 trains plus the Unit I train, requiring two of the three to avoid 
entering an action statement. Operating with one Unit 2 train and the Unit I train, and considering 
a Unit 2 train failure, only the Unit I train Is expected to operate. Because this wi require manual 
Initiation, a delay for operator action Is Included in this analysis. The delay time and It's basis is 
provided below.  

See Attachment 3 for a time line and summary of control room parameters assumed for this 
analysis.  

2.15 Normal control room unfiltered air Intake rate r 500 cfm [10,31,32,37] 

2.16 Time post-accident to Initiate control room Isolation = 30 minutes [Attachment 2] 

Note: 30 minutes has been used in previous revisions of this calculation.  
See assumption 1.5, above.  

2.17 Control room emergency bottled air pressurization system [38,39] 
(CREBAPS) operation T = 30 to 90 minutes 

Note: Design of this system Is such that the control room wil be maintained 
at 0. 125w wc positive pressure (with respect to adjacent areas) for one hour.  
The minimal affect of radioactive material removal by CREBAS Is 
conservatively not modeled In this analysis. System actuation Is assumed to 
occur at 30 minutes, with any delay due to loss of AC power being well 
within the margin discussed In Assumption 1. 5, above.  

2.18 Unfiltered air Inleakage during CREBAPS/emergency [29] 
pressurization fan operation = 10 cfm 

Assumed 10 CFM unfiltered Inleakage Is consistent with all BVPS DBA 
analyses whenever these systems are In operation.  

2.19 Delay between bottled air depletion and emergency [Assumption,40] 
pressurization fan manual start (20 minutes) T = 90 to 110 minutes 

Note: NUREG 0800 Chapter 6.4C , 11.3.d.(3).li provides "A substantial time 
delay should be assumed where manual Isolation Is assumed, e.g., 20 
minutes for the purposes of dose calculations. Information provided In 
Reference 40 provides a delay time of 9 minutes, thus the 20 minute 
assumption Is adequate.  

2.20 Minimum air flow rate to maintain the control room at [411 
0.125' wc positive pressure = 600 cfm
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2.21 Unfiltered air inleakage between bowed air depletion and [Assumption,291 
emergency pressurization fan manual start = 310 din 

Note: NUREG 0800 Chapter 6.4, 111.3.d.(2) provides that the base Infiltration 
rate Is assumed to be one-half of the flow rate from the control room when 
pressurized to 0. 125" wc. This Is additional to the 10 cfm specified In datum 
2.18.  

2.22 Emergency pressurization fan filtered air Intake flow rate (maximum) - 1030 cfm [381 

Note: Maximum fan Intake rate has been demonstrated to result In the 
maximum, bounding doses based on sensitivity analyses conducted In 
previous revisions of the calculation and verified and maintained on file for 
this revision.  

2.23 Control room emergency pressurization system filter removal efficiency: [42] 

Noble gas 0% 
Iodine (total) 95% 
Iodine (effective) 94.1% 

Note: The effective value Is calculated for TRAILSPC processing 
considering unfiltered inleakage and filtered Intake as follows: 

Eficiency = (0.95 * Filtered.Fkow) + (0.0 * Unfiltered.Row) 
Filtered.Fow + Unflltered•Fow 

Eficiency= (0.95*1030)+(0.0"10) =0.941 
1030+10 

2.24 Post release control room purge start and duration T 8 to 8.5 hours [221 

2.25 Post release control room purge flow rate (minimum) = 28.000 cfm [22,43] 

Note: Using the minimum purge flow rate minimizes removal of radioactive 
material from the conbtl room after the release has ended and provides the 
maximum, boundi'ng doses.

2.26 Post control room purge normal Intake flow rate , 500 cfm 110.22,31,32,37]
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CALCULATION 

All of the values calculated in this package for entry Into TRAILSPC Input files are calculated via 
an EXCEL spreadsheet and are rounded at the completion of the calculation. Specifically, during a 
calculation, all places are carried until the final number, and then the final number Is rounded to 
the same number of significant figures as any number used in the calculation with the least number 
of significant figures. The number is then entered Into the TRAILSPC Input file. At the completion 
of the TRAILSPC runs and the summation of dose from various cases, the final result Is also 
rounded to the number of significant figures of any Input number with the least number of 
significant figures. Hence, reproduction of this calculation, without the same spreadsheet 
and protocol, may cause "rounding" differences.  

1.0 Source Term: Technical Specification Umit DE 1-131 Activity 

Reference 30 provides the Technical Specification limit activity concentrations in uCi/gm, In the 
RCS primary, the secondary liquid, the secondary steam and in the RCS primary during a transient 
(Input Datum 2.1). For use In the calculation of isotopic release quantities and dose using 
TRAILSPC, these values must be expressed as total activity, In uCi. Total activity Is the product of 
the Technical Specification limit DE 1-131 concentration In uCilgm and the applicable mass In gin.  
The following formulas were used to calculate activity for the bounding conditions of 0% reactor 
power, 30% steam generator plugging.  

NOTE: The RCS mass value used In the calculation of the ITC and FRC cases does not Include 
the pressurizer volume. The ITC and FRC cases include a concurrent Iodine spike. Since the 
concurrent Iodine spike occurs at the onset of the accident it Is assumed that the pressurizer 
volume does not equilibrate with the RCS volume that includes the iodine spike. Therefore, the 
release rate Is calculated using RCS volume less the pressurizer volume. However, the Technical 
Specification limit RCS activity Is In equilibrium with the pressurizer volume. To offset the 
Increase In Technical Specification limit RCS activity that will be released using the pressurizer 
less volume release rate, the activity Is calculated with RCS mass less the pressurizer volume 
also.  

NOTE: The steam generator liquid and steam mass values provided by Westinghouse= are given 
with an associated uncertainty (L10%) to be applied in the bounding direction. The steam 
generator liquid and steam mass values used are the +10% values as determined (and noted) 
below: 

Ai, 2o [AI o2o (uCilgm) x RCS mass (ib) x 453.592 (gm/Ab), 
= Source Term for the ITN, ITC and FRC Case 

A 40.10 = [Al .1o (uCi/gm) x S/G liquid mass (Ib) x 453.592 (gmnlb) 
= Source Term for ILl and FLI Cases 

• ateam = sll team (uCVgm) x S/G steam mass (Ib) x 453.592 (grn/Ib) 
= Source Term for ASA Case 

A-412  = [A]112 (uCligm) x RCS mass (it) x 453.592 (gm/ib) 
= Source Term for FRP and ITP Cases

The results for the bounding case Is summarized in the table below:
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Source Term: DE 1-131 0.20 iCi/g, 0% power, 30% plugging

FRC 
ITr-IT1J

ILl 
FLI ABA

FRP 
ITP

A4 12 

"TS Transient 
RCS 
(uCI)

3.44E+06 
1.20E+07 
1.26E+09 
8.06E+06 
2.25E+07 
6.54E+05 
4.09E+07 
3.42E+07 
2.53E+09 
7.82E+06 
8.42E+07 
1.61E+06 
5.53E+06

1-131 2.23E+07 6.19E+06 2.42E+03 1.40E+09 

1-13Z 8.81E+06 9.95E+05 3.89E+02 5.54E+08 

1-133 3.35E+07 6.74E+06 2.63E+03 2.10E+09 
1-134 4.93E+06 1.30E+05 5.09E+01 3.102+08 
1-135 1.93E+07 I 2.35E+06 9.19E+02 1.21E+09

Radio-

<r-83M 
<r-85M 
0-85 
0r-87 
Kr.88 
Kr.89 
Ke-131M 
Ke-133M 
Ke-133 
Ce-135M 

Ke-135 
Ke-137 
Yp.I•%

A1 0 .2 0 

TS 
RCS 
(111C

3.44E+06 
1.20E+07 
1.26E+09 
8.06E+06 
2.25E+07 
6.54E+05 
4.09E+07 
3.42E+07 
2.53E+09 
7.82E+06 
8.42E+07 
1.61E+06

A1 0.20 

"TS 
RCS 
fiCn

3.28E+06 
1.15E+07 
1.20E+09 
7.69E+06 
2.15E+07 
6.24E+05 
3.90+E07 
3.26E+07 
2.42E+09 
7.47E206 
8.03E+07 
1.54E+06 
.K:7F+fl6

A0.10 
TS 

S/G Uquid 
(uCI)

Ai 0.2ot•agm 

TS 
SIG Steam 

(uCfn
1.06E+00 
3.11E+00 
3.29E+02 
2.10E+00 
5.84E+00 
1.70E-01 
1.06E+01 
8.93E+00 
6.60E+02 
1.42E+01 
2.37E+01 
4.20E-01 
I.44E+00

2.0 Activity Transfer (Release) Rate Constants (X) 

The conversion of water volume to mass will assume a density of 1.000 gmrcm3 (standard 
temperature and pressure)'4-". The density of RCS at operating temperature and pressure Is 
closer to 0.72 grm/cm". However, as water Is released the density Increases rapidly towards 1.000 
gm/cm3 as the water chills. Also, primary to secondary leak rate Is routinely measured at a density 
approaching 1.000 gm/cm3 . A density gradient also exists for steam generator liquid between 
1.000 gm/cm3 for Incoming auxiliary feed water and lower values associated with steam. A density 
of 1.000 gm/cmý Is bounding for all Intermediate values of density that may occur once an accident 
Is Initiated.  

The transfer rate constants 0X) are calculated by dividing the release mass flow rate (F) by the 
compartment total mass (M) with appropriate unit conversion.

ITM FLI ASA

I (UCI)lli• liy llVlO livlO
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2.1 FRP, FRC 

Release rate based on rupture primary-to-secondary leak rate. Total leak rate Includes 
accident Induced plus allowable pre-accident leakage as permitted by facility Technical 
Specifications. The results for the bounding case of 0% power, 30% plugging are listed In 
the tables below.  

NOTE: For the FRC case the RCS mass values used exclude pressurizer volume since In 
the first 4 hours post accident, when the concurrent Iodine spike occurs, the pressurizer 
volume Is assumed to not equilibrate with the remaining RCS volume.  

FRC Release Rate Constant: 

= (5.5 gal/min + (150 galld I 1440 min/d))* 3785.3 cclgal *1 glcc 2.478E-06 s-' 

(7127 ft 3 * 44.13 ibm/fl3 ) * 453.592 g/libm * 60 s/rain 

FRP Release Rate Constant: 

A = (5.5 gal/min + (150 galld /1440 min/d)) * 3785.3 cc/gal 1 glcc_ 2.365E-06 s-4 

(7467 ft 3 * 44.13 Ibm/fi) * 453.592 g/lbm * 60 s/rain 

2.2 ITN, ITP and ITC 

The ITN release rate Is based on Technical Specification pdmary-to-secondary leak rate In 
the 2 Intact steam generators. The ITP release rate Is equal to the ITN radioactivity transfer 
rate constant for the first hour. After the first hour, the ITP release rate Is reduced by a 
factor of 100 to account for partitioning. The ITC Is calculated the same way as the ITP and 
ITN radioactivity transfer rate constants with the exception of the RCS mass value used.  
The RCS mass value used excludes pressurizer volume since In the first 4 hours post 
accident, when the concurrent Iodine spike occurs, the pressurizer volume will not equilibrate 
with the remaining RCS volume. After the first hour, the ITC release rate Is reduced by a 
factor of 100 to account for partitioning.  

NOTE: Since the release rate represents 2 steam generators (2 x 150 gal/day = 300 
gal/day), the source term need not be multiplied by 2 In TRAILSPC.  

ITN and ITP (TP 0-1 hour only) release rate constant: 

A = 300 galld * 3785.3cclgal* I g/cc = 8.794E-08 s-1 

(7467ft3 * 44.13 ibm/ft3)* 453.592 g/lIbm * 86400 s/min 

A = 8.794E- 08 s-' * 0.01= 8.794E- 10 s-' ITP only after one hour.  

ITC release rate constant: 

A = 300 gal/d 3785.3 cc/gal * 1 g/cc =9.213E-08 s-'

(7127fl3 * 44.13 lbM/ft3 )* 453.592g/lbhm* 86400 s/rain 

A =9.213E-08 s-' * 0.01 = 9.213E-10 s-' ITC after one hour.
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2.3 FLI 

Release from the faulted steam generators of liquid activity Initially in steam generators with 
hold-up credited. In order to model the release of the Initial activity in 30 minutes, it is 
assumed that a reduction factor of 1E-6 represents 99.9999% of the activity. The 
radioactivity transfer rate constant Is calculated as follows: 

1E - 06 = e-A .3o.i .6os.i 

A= 7.6753E-03 s-1 

2.4 ILl 

Release rate for 2 Intact steam generators of liquid activity Initially present, with hold-up and 
partitioning credited. The steam release for 2 hours and 2-8 hours represents the release 
from both steam generators. In order to determine the release rate the steam mass is 
divided by the mass of two steam generators. Partitioning applies thus the multiplier of 0.01: 

The steam generator mass value Is the 0% power, 30% plugging liquid mass +10% as 
determined In the mass sensitivity analysis. The 0-2 hour value will be entered as the base 
value and the TRAILSPC XREM multiplier after 2 hours Is the ratio of the 2-8 hr value over 
the 0-2 hr value. Since the release rate represents one steam generator, the source term is 
multiplied by 2 in the TRAILSPC Input file to account for the release from 2 Intact steam 
generators.  

ILl rilease rate constant 0-2 hours: 

,336776 Ibm / (2 h * 3600 s1h) =1.43555E-06 s 
162914/ihm * 2 

ILl release rate constant 2-8 hours: 

A = 7053931bm / (6 h * 3600s1h) =1.00228•'-O6s 1 

1629141bm 
2 

1.43555 E - 06 s 0

1.00228E-06 s-' = 0.698182 

2.5 ASA 

Release from all steam generators of steam activity (all radionuclides) Initially In the steam 
generators. In order to model the release of 100 % of the Initial activity In 1 second, It is 
assumed that a reduction factor of IE-6 represents 99.9999 % of the activity. The 
radioactivity transfer rate constant is calculated as follows: 

1E-06 = -CA18

A= 13.816 s-1
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RESULTS 

The TRAILSPC Input and output files are provided as Attachment 4, and the dose results 
summarized below.

Control Room Doses 
Co-Incident Spike Pre-incident Spike

Thyroid External Skin Thyroid External Skin 
CDE EDE DE CDE EDE DE 

Case (mrem) (mrem) (mrem) Case (mrem) (Mtoern) (mrem) 
ASA 5.09E+00 1.63E-04 2.OOE-03 ASA 5.0E+00 I.63E-04 2.OOE-03 
FLI 4.34E+03 1.38E-01 1.59E+00 FLI 4.34E+03 1.38E-01 1.59E+00 
ILl 3.97E+01 1.24E-03 1.61E-02 ILI 3.97E+01 1.24E-03 1.61E-02 

ITN 0.00E+00 3.14E-03 3.10E-01 ITN 0.OOE400 3.14E-03 3.10E-01 
ITC 9.14E+01 7.53E-03 7.06E-02 ITP 1.69E+02 8.76E-03 9.10E-02 
FRC 2.48E+04 2.07E+00 3.26E+01 FRP 8.62E+03 5.25E-01 1.36EO01 

Total: 2.93E+04 2.22E+00 3.46E+01 Total: 1.32E+04 6.76E-01 1.56E+01 

EAB 0 - 2 hour Doses 
Co-Incident Spike Pre-incident Spike 

Thyroid External Skin Thyroid External Skin 
CDE EDE DE CDE EDE DE 

Case (torem) (mrem) (mrem) Case (mrem) (mrem) (mrnm) 
ASA 3.38E+00 2.57E-03 1.46E-03 ASA 3.38E+00 2.57E-03 1.46E-03 
FLI 2.88E+03 2.16E+00 1.17E200 FLI 2.88E+03 2.16E+00 1.17E+00 
ILl 5.87E+01 4.07E-02 2.28E-02 ILl 5.87E+01 4.07E-02 2.28E-02 

ITN 0.002+00 1.68E-02 6.57E-02 ITN 0.002+00 1.68E-02 6.57E-02 
ITC 2.13E+02 5.36E-01 2.16E-01 ITP 2.22E+02 2.90E-01 1.37E-01 
FRC 2.18E+04 5.12E+01 2.26E+01 FRP 1.16E+04 1.47E+01 8.65E+00 

Total: 2.50E+04 5.40E+01 2.41E+01 Total: 1.48E+04 1.72E+01 1.00E+01 

LPZ 0 - 30 days Doses 
Co-Incident Spike Pre-inddent Spike 

Thyroid External Skin Thyroid Extemal Skin 
CDE EDE DE CDE EDE DE 

Case (mrem) (mrem) (mrem) Case (mrern) (mrem) (mrem) 
ASA 1.96E-01 1.49E-04 8.45E-05 ASA 1.96E-01 1.49E-04 8.45E-05 
FLI 1.67E+02 1.26E-01 6.78E-02 FU 1.67E+02 1.26E-01 6.78E-02 
ILl 1.02E+01 6.04E-03 3.61E-03 ILI 1.02E+01 6.04E-03 3.61E-03 

ITN 0.00E+00 3.22E-03 1.47E-02 ITN 0.00E+00 3.22E-03 1.47E-02 
ITC 1.74E+01 3.86E-02 1.61E-02 ITP 1.36E+01 1.74E-02 8.30E-03 
FRC 1.43E+04 2.25E+01 1.08E+01 FRP 2.55E+03 2.47E+00 1.68E+00

1D7T - -I- IV
r

Total: 1.45E+04 2.27E+01 1.09E+01 Total: 2.74E+03 2.62E+00 1.77E+00
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CONCLUSION 

The analysis documented herein has established that the maximum primary-to-secondary leak rate that 

could be tolerated during a MSLB outside of containment Is 5.6042 gpm (5.5 gpm accident Induced + 

150 gpd Technical Specification limit) if the RCS specific activity Is maintained less than 0.20 pCiligm DE 

1-131. The control room dose Is limiting.  

Offslte doses are a small fraction of the applicable regulatory limits of 10 CFR 100.1145 of 300 rem 

thyroid and 25 rem whole body, and are less than the more restrictive guidance criteria In the Standard 

Review Plan2 of 30 rem thyroid and 2.5 rem whole body. Control room operator doses are less than the 

10 CFR 50e criteria of 5 rem whole body or its equivalent to any part of the body.
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Duquese Light Company 
Nuclear Power Division 

Operationzs Experience Department 

MEMORANDUM 

TO: S. F. LaVie 

FROM: C. O'Nei'll 

LOCATION: SOSB-4.  

DATE: September 17, 1996 

SUBJECT: MSLB Control Room Isolation Timing Validation 

In your memo of 7/3/96, you requested assistance in obtaining time-related data for support of the Unit 2.  
Alternate Plugging Criteria assumptions'based on a EOP Simulator Validation. E-2, 'Taulted Steam 
Generator Isolation" (IB/2) was validated on September 17, 1996 with the following results: 

"The time from the reactor trip until CREBAPS was manually actuated was approximately 1000 
seconds (417 minutes) 

" The time from the reactor trip until SO NR level was recovered to >5% in t1he unaffected SOs was 
approximately 2600 seconds (=-43 minutes) 

The scenario nm %as for a. 9 E+5 LBM!HR steam break (20%), outside CNMT on the B SG. This case is 
consideret conservative since SLI was delayed vwich prolopied the SO blowdown and mximied the mass 
loss from the unaffected SOs. For larger breaks, yeactor trip, safety Injectio- and SLI occur almost 
simultaneously, and thus minimize unzffccted SO blowdowm. It should also be noted that the PO manually 
throttled total AFW flow to the unaffected SOs to about 365 GPM (per procedure) uich is the minimum 
acceptable AFW flow to provide an adequate heat sink This actioa'xtwended SO refill time to its 
maximum limit. All other cases would be bounded by this feed flow value.  

In conclusion, both objectivcs were met with considerable margin and appropriate conservative 
,,sumptions.  

I mill maintain the original data in the appropriate EOP history file. If you have any questions about this 
information, please call me at X4935.  

Coilima 

cc: G.E. Storolis 
R. M. Vento 
A. H. Brunner 
F. J. Sha•fier 
M. P. Flynn 
T.W. Bums 
P, N. Ireland 
T.W.Bean 
J. T. Lebda: 
T. M. McGhee 
L. G. Schad 
K. J. Winter
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TRAILSPC Input File For ASA Case 

11 '.10,1.OE-3,3.47E-4,1.OE-5.3.47E-4,1.0,1.OE-3,3.47E-4,1,24,0,2 
'ASA - for CR, EAB & LPZ dose (SA Case 2) [sa2ASA.in] (4/00) ICI ','not used %0.0 0.0,0.0,0.0 
=','all S/Gs',13.816,0.0,0.0,0.0 
'CR',1.73E5,10.,10.,0.0,0.941,0.0 
'PRD',24*0.0 
'PRD',24*0.0 
'INI',I.O,' ',24*0.0 
'INI',3.0,'uCi',1.06EO,3.IIEO,3.29E2,2.IOEO,5.84EO,1.70E-1,0.0, 
I.OSEI,8.93EO,6.6OE2,1.42EI,2.37EI,4.20E-1,1.44EO, 
2.42E3,3.89E2,2.63E3,5.09EI,9.19E2,6*0.0 
'INI',I.O,' ',24-0.0 
TIM', I 800.,5400.,6600..7200.,14400.,28800.,30600.,86400.,3.456ES,2.592E6 
-XPFV,10*0.o 
'XPR',10*0.0 
XPFr,50.0,1.0,31.0,3*104.,2800.,3*50.  
'XRM',10*0.0 
'XRW,1.0,9*0.0 
'XRM',50.0,1.0,31.0,3*104.,2800.,3*50.  
'XRF',10*0.0 
XRF,10*0.0 
'XRF',3*0.0,3*1.0,4*0.0 
'XOQEB',4*1.04,6'0.0 
'Xl3REl3-,4*1.0,6*0.0 
'XOQLZ,6*6.04,2*4.33.2.10,0.744 
XBRLZ,10-1.0 
-X0Q-,6-2.43.2*1.22,0.890,0.626 
'XBR,10*1.0 

RTL: n/a Fomi: RE 1.103-3 9192 

'OCC',8*1.0,0.6.0.4
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TRAILS PC -- Transport of Radioactive Material in Linear Systems, vl.Oa 
ASA - for CR, EAB & LPZ dose (SA Case 2) [sa2ASA.inj (4/00)

NUC Grp 
NUC Grp 
NUC Grp

REMOVAL: 
1 REL FR: 
2 REL FR: 
3 REL FR:

MULTIPLIERS- > 
STEP TIME 

1 1.800E+03 
2 5.400E+03 
3 6.600E+03 
4 7.200E+03 
5 1.440E+04 
6 2.880E+04 
7 3.060E+04 
8 8.6401+04 
9 3.456E+05 

10 2.592E+06

***PROGENY INGROWTH ON ***

O.OOOE+00 I/see 1.3821+01 1/sec 1.0001+01 cfm 
O.000E+00 0.000E+00 INTAKE REDUCT: 0.O00E+00 
0.000E+00 O.000E+00 INTAKE REDUCT: 9.410E-01 
O.000E+00 O.000E+00 INTAKE REDUCT: 0.000E+00 

-----------------------------------------------------------------------------------

XPR 
0.00 
0.00 
0.00 
O .00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XREM 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XRF 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XPR 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XREM 
1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XRF 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XPR 
50.0 
1.00 
31.0 
104.  
104.  
104.  

2. 800E+03 
50.0 
50.0 
50.0

XRED 
50.0 
1.00 
31.0 
104.  
104.  
104.  

2. 800E+03 
50.0 
50.0 
50.0

MULTIPLIERS- > 
STEP TIME,s 

1 1.800E+03 
2 5.400E+03 
3 6.600E+03 
4 7.200E+03 
5 1.440E+04 
6 2.880E+04 
7 3.060E+04 
8 8.640E+04 
9 3.456E+05 

10 2.592E+06

XlQ 
s/M3 

1. 0001-03 

2.43 
2.43 
2.43 
2.43 
2.43 
2.43 
1.22 
1.22 

0.890 
0.626

)NTROL ROOM--------
Breathing Occupancy 

M3/a 
3.4701-04 1.000E+00

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

0.600 
0.400

--- EXCLUSION 
X/O 
s/M3 

1.000E-03 

1.04 
1.04 
1.04 
1.04 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

AREA BOUNDARY --
Breathing 

13/s 
3.470E-04 

1.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

--- LOW POPULATION ZONE --
X/Q Breathing 
a/M3 M3/s 

1.000E-05 3.470E-04

6.04 
6.04 
6.04 
6.04 
6.04 
6.04 
4.33 
4.33 
2.10 

0.744

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00

"D 
0u 

ini < 

071 M 
> >

XRF 
0.00 
0.00 
0.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0.00

m ;U 

C1O 
0 
0 

CD 00 

C 
C.



TRAILS PC -- Transport of Radioactive Material in Linear Systems, vl.Oa 
ASA - for CR, EAB A LPZ dose (SA Case 2) (sa2ASA.inl (4/00)

STEP TIME 
Kr-83m INITIAL 
Kr-83m TOTALS 

Kr-85m INITIAL 
Kr-85m TOTALS 

Kr-85 INITIAL 
Kr-85 TOTALS 

Kr-87 INITIAL 
Kr-87 TOTALS 

Kr-88 INITIAL 
Kr-88 TOTALS 

Kr-89 INITIAL 
Kr-89 TOTALS 

Xe-131m INITIAL 
Xe-131m TOTALS 

Xe-133m INITIAL 
Xe-133m TOTALS 

Xe-133 INITIAL 
Xe-133 TOTALS 

Xe-135m INITIAL 
Xe-135m TOTALS 

Xe-135 INITIAL 
Xe-135 TOTALS 

Xe-137 INITIAL 
Xe-137 TOTALS 

Xe-138 INITIAL 
Xe-138 TOTALS 

1-131 INITIAL 
1-131 TOTALS

not used 
CURRENT INTEGRD 

uCi uCi-sec 
0.000E+00 

0.000Z+00 

0.OOOE+00 
0.OOOE+00 

0.OOOE+00 
0.OOOE+00 

0.OOOE+00 
0.OOOE+00 

0.OOOE+00 
0.OOOE+00 

0.OOOE+00 
O.OOOE+00 

0. 000E00 
O.OOOE+00 

O.OOOE+00 
0.OOOE+00 

0.OOOE+00 
0. 000E00 

O.OOOE+00 
0.OOOE+00 

0.OOOE+00 
0.000E+00 

O.OOOE+00 
0.OOOE+00 

O.OOOE+00 
O.OOOE+00 

0.OOOE+00 
0.OOOE+00

all S/Gs

***PROGENY INGROWTH ON ***

CURRENT INTEGRD 
uCi uCi-sec 

3.180E+00 
2.302E-01 

9.330E+00 
6.753E-01 

9.870E+02 
7.144E+01 

6.300E+00 
4.560E-01 

1.752E+01 
1.268E+00 

5.100E-01 
3.690E-02 

3.180E+01 
2.302E+00 

2.679E+01 
1.939E+00 

1.980E+03 
1.433E+02 

4.260E+01 
3.085E+00 

7.110E+01 
5.146E+00 

1.2601+00

9.118E-02 1.260E+00

4.320E+00
3.127E-01 

7.260E+03 
5.255E+02

4.320E+00 

7.260E+03

AVERAGE 
RELEASED RELEASE 

-uCl uCi/sec 

3.180E+00 

9.330E+00 

9.870E+02 

6.300E+00 

1.752E+01 

5.099E-01 

3.180E+01 

2.679E+01 

1.980E+03 

4.262E+01 

7.110E+01

0. OOOE+00 

0. 000E+00

2.940E+00 

5.649E+04

0W 
* > 

Mb

--CONTROL ROOM ----------
CURRENT CURRENT INTEGRD 
uCi uCi/cc uCi-sec 

O.OOOE+00 " 1.193E+01 

0. 000+00 
5.174E+01 

0. 000+00 
7.749E+03 

0.OOOE+00 
1.878E+01 

0.000÷+00 
8.202E+01 

0. 000+00 
7.909E-02 

0.OOOE+00 
2.519E+02 

0. 000+00 
2.574E+02 

0. 000+00 
1.611E+04 

0. 000+00 
2.593E+03 

0. 000+00 
3.344E+03 

0.OOOE+00 
2.364E-01
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TRAILS PC -- Transport of Radioactive Material in Linear Systems, vl.Oa ASA - for CR, EAB & LPZ dose (SA Case 21 [sa2ASA.inj (4/00) ***PROGENY INGROWITH ON 

not used all S/Gs AVERAGE- ---------- CONTROL ROOM ----------CURRENT INTEGRD CURRENT INTEGRD RELEASED RELEASE CURRENT CURRENT INTEGRD STEP TIME uC1 uCi-sec uCi uCi-sec uC1. uCi/sec uCi uCi/cc uCi-sec 1-132 INITIAL O.OOOE+00 1.167E+03 0.000E+00 1-132 TOTALS O.OOOE+00 8.447E+01 1.167E+03 4.950E+03 
1-133 INITIAL 0.O00E+00 7.890E+03 0.0001E+00 1-133 TOTALS O.OOOE+00 5.711E+02 7.890E+03 5.710E+04 
1-134 INITIAL 0.O0E+00 1.527E+02 O.000E+00 1-134 TOTALS 0.OOOE+00 1.105E+01 1.527E+02 3.454E+02 
1-135 INITIAL 0.O00E+00 2.757E+03 0.OOOE+O0 1-135 TOTALS 0.OOOE+00 1.996E+02 2.757E+03 1.696E+04

M w 
0 

x a am< =;u Q 
'00) X 
=r < > 
V 0 M 

a'9z

m 

to .' 
6 
C1 

0 0 

•m 

Iq.

0

I



TRAILS PC -- Transport of Radioactive Material in Linear Systems, vl.0a ASA - for CR, EAB A LPZ dose ISA Case 2) (sa2ASA.inl (4/00)

- EXCLUSION AREA BOUNDARY 
EDE SKIN-DE THY-CDE 
DOSE DOSE DOSE
�LWU urEOm

Kr-83m 
TOTALS 

Kr-85m 
TOTALS 

Kr-85 
TOTALS 

Kr-87 
TOTALS 

Kr-88 
TOTALS 

Kr-89 
TOTALS 

Xe-131m 
TOTALS 

Xe-133m 
TOTALS 

Xe-133 
TOTALS 

Xe-135m 
TOTALS 

Xe-135 
TOTALS 

ke-137 
TOTALS 

Xe-138 
TOTALS 

1-131 
TOTALS

0. OOE+00 

4.96E-07 

5.10E-05 

2.20E-06 

1.44E-06 

1. 6E-07 

4.98E-07 

8.75E-07 

2.17E-05 

9.59E-07 

4.79E-06 

6. OIE-07 

6.64E-07

4.57E-04 2.41E-04

mrem 

0. OOE+00 

0. OOE+O0 

0. OOE+00 

0. OOE+00 

0. OOE+O0 

0. OOE+O0 

0. OOEeO0 

0. OOE+00 

0. 00E+00 

0. OOE+00 

0. OOE+00 

0.OOE+00 

0. OOE+00 

2.83E+00

•g

2.  

1.  

2.  

5.  

3.  

9.  

2.  

7.  

6.( 

1.* 

1.' 

2.  

5.

2.66E-05 1.40E-05 1.64E-01 3. 51E-05 3.68E-04 4.32E+00

4.92E-11 

2.51E-07 

3. 65E-07 

9.28E-07 

6.53E-06 

1.71E-07 

4.49E-08 

1. 32E-07 

1.15E-05 

3.02E-06 

2.94E-06 

3. 97E-08 

8.92E-07

-- LOW IOPUIATION ZONE --
EDE SKIN-DE THY-CDO 
DOSE DOSE DOSE 
mrem mrem mrem 

.85E-12 O.OOE+00 0.00E+00 

.46E-08 2.88E-08 O.OOE+00 

.12E-08 2.96E-06 O.OOE+O0 

39E-08 1.28E-07 O.OOE+00 

79E-07 8.35E-08 O.OOE+O0 

92E-09 1.08E-09 O.OOE+00 

61E-09 2.89E-08 O.00E+00 

64E-09 5.08E-08 O.OOE+00 

68E-07 1.26E-06 O.OOE+O0 

75E-07 5.57E-08 O.OOE+00 

71E-07 2.78E-07 O.OOE+00 

30E-09 3.49E-08 O.OOE+00 

1SE-08 3.86E-08 O.OOE+00

C.  
CA:

***PROGENY INGROWTH ON *** 

CONTROL ROOM -----------
EDE EDE RATE SKIN-DE THY-CDE 
DOSE DOSE RATE DOSE DOSE 
mrem mrem/h mrem marem 

I.e2E-12 0.OOE+00 O.OOE+00 

1.37E-O0 5.40E-07 O.OOE+00 

2.83E-08 7.87E-05 O.OOE+00 

2.73E-09 1.29E-06 O.OOE+00 

3.01E-07 1.32E-06 O.OOE+00 

2.61E-10 5.65E-09 0.OOE+00 

3.51E-09 7.74E-07 O.OOE+00 

1.25E-08 1.65E-06 0.OOE+00 

9.23E-07 3.47E-05 O.OOE+o0 

2.8iE-06 1.15E-05 O.OOE+00 

1.36E-06 4.42E-05 O.OOE+00 

7.34E-11 2.21E-08 O.OOE+00 

5.99E-09 8.87E-08 O.OOE+00

I
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TRAILS PC -- Transport of Radioactive Material In Linear Systems, vl.0a ASA - for CR, CAB & LPZ dose (SA Case 2) (sa2ASA.inj (4/00)

1-132 
TOTALS 

1-133 
TOTALS 

1-134 
TOTALS 

1-135 
TOTALS 

ALL NUCLIDES 
0.5000 h 
1.5000 h 
1.8333 h 
2.0000 h 
4.0000 h 
8.0000 h 
8.5000 h 

24.0000 h 
96.0000 h 

720.0000 h 
TOTALS

- EXCLUSION AREA BOUNDARY 
EDE SKIN-DE THY-CDE 
DOSE DOSE DOSE 
mrem mrem mrem 

4.59E-04 1.36E-04 2.71E-03 

7.98E-04 7.41E-04 5.13E-01 

6.93E-05 2.28E-05 5.90E-05 

7.58E-04 2.29E-04 3.11E-02

2.57E-03 
0. 00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.001+00 
0. 00E+00 
2.57E-03

1.46E-03 
O.0OE+00 
0.00C+00 
0.00E+00 
0.00E+00 
0. OOE+00 
O.00E+00 
O.00E+00 
0.001+00 
0.001+00 
1.46E-03

3.38E+00 
0.00E+00 
O.OOE+00 
0.00E+00 
O.001+00 
0.001+00 
0.001+00 
0.001+00 
0.00E+00 
0.00E+00 
3.38E+00

--- LOW POPULATION 
EDE SKIN-DE 
DOSE DOSE 
mren mrem

***PROGENY INGROWTH ON ***

ZONE --
THY-CDE 

DOSE 
mrom

2.66E-05 7.871-06 1.58E-04 

4.63E-05 4.30E-05 2.98E-02 

4.02E-06 1.32E-06 3.42E-06 

4.40E-05 1.331-05 1.81E-03

1. 4 9E-04 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.001+00 
0.00E+00 
0.001+00 
0.00E+00 
1.49E-04

8. 4 5E-05 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.OOE+00 
0.001+00 
0.001+00 
0.00E+00 
0.001+00 
8. 45E-05

1. 96E-01 
0.00E+00 
0.00E+00 
0.OOE+00 
0. OOE+00 
0.001+00 
0.001+00 
0.00E+00 
0.00E+00 
0.00C+00 
1. 96E-01

-CONTROL ROOM -----------
EDE EDE RATE SKIN-DE THY-CDE 
DOSE DOSE RATE DOSE DOSE 
mrem mrem/h arem mrem -

1. 92E-05 

5.69E-05 

1.55E-06 

4.60E-05 

1.25E-05 
4.66E-05 
1.43E-05 
6.68E-06 
5.14E-05 
3.13E-05 
3.11E-07 
1.06E-07 
2.93E-09 
3.35E-15 
1.63E-04

1.13E-04 2.26E-03 

1.05E-03 7.28E-01 

1.01E-05 2.62E-05 

2.77E-04 3.76E-02

4. 90E-05 
4.44E-05 
4.16E-05 
3.86E-05 
1. 62E-05 
3.05E-06 
2.32E-08 
9.53E-10 
1. 50E-15 
0.00E+00

1.42E-04 
5.41E-04 
1.71E-04 
8.041-05 
6.38E-04 
4.17E-04 
4.36E-06 
1.56E-06 
4.60E-08 
4.99E-14 
2. OOE-03

3.32E-01 
1.30E+00 
4.22E-01 
2.01E-01 
1.65E+00 
1.17E+00 
1. 30E-02 
5.14E-03 
2.03E-04 
3.70E-10 
5.09E+00
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Rn: n/a Fdr= U 1.103-3 91.02 BEAVER VALLEY 
POWER STATION ERS-SFL-96-001:8] Page 34 Health Physics Department I In vislon 6 Attachment 4 

TRAILSPC Input Fite For FLI Case 

OLI 1,10,1.OE-3,3.47E-4,1.OE-,5,3.47E-4,1.0,1.OE-3,3.47E-4,1,24,0,2 
'FLI - for CR, EAB & LPZ Dose (SA Case 2) [sa2FLI.in] (4/00)' ocl Vnot used',0.0,0.0,0.0,0.0 
'CVlaulted S/G',7.6753E-3,0.0,0.0,0.0 
'CR',1.73ES'lo.,10.,0.0,0.941,0.0 
PRD',24-0.0 
'PRD',24-0.0 
'INl',l.0,'-,24-0.0 
'INI',1.0,,Uci,,14*0.0,6.19E6,9.95ES,6.74E6,1.30ES,2.35E6,5*0.0 
'INl-,l.0,#',24*0.0 
'TIM'. I 800.,5400.,6600.,7200.,14400.,28800.,30600..86400.,3.456E5,2.592E6 
%P110,10-0.0 
'XPRI,10*0.0 
'XPFr,50.0,1.0,31.0,3*104.,2800.,3*50.  
'XRM',10*0.0 
'XRM',6*1.0,4*0.0 

I 'XRM.50.0,1.0,31.0,3*104.,2800.,3*50.  
'XRFfl0*0.0 
'XRFIio*o.o 
'XRFl,3*0.0,3*1.0,4*0.0 
'X0QEBl,4*1.04,6*0.0 
'XBREB-,4*1.0,6-0.0 
IXOME,6*6.04,2-4.33,210,0144 
'XBRLZI,10-1.0 
lX0Ql,6*2.43,2*1.22,0.890,0.626 
'XBR',10*1.0 
IOCC"8*1.0,0.6,0.4



TRAILS PC -- Transport of Radioactive Material in Linear Systems, Vl.0a 
•-I - forC•cR, E a LPZ Dose (SA Case 2) Isa2FLI.inl (4/00)

COMP: not used

***PROGENY INGROWRTH ON ***

o LAuu 1-00 D'F1COMP: Control Room 
VOLUME: l.730E+05 Cu.Ft.  -------------------------------------------------------------

INITIAL: 0.OOOE+00 1-131 6.190E+06 '1-131 uCi O.OOOE+0O 1-131 0.000E+00 1-132 9.950E+05 1-132 0.OOOE+00 1-132 0.OOOE÷00 1-133 6.740E+06 1-133 O.OOOE+00 1-133 O.OOOE+00 1-134 1.300E+05 1-134 0.OOOE+00 1-134 O.OOOE+00 1-135 2.350E+06 1-135 0.OOOE+00 1-135 (to uCi): 1.000E+00 1.000E+00 1.000E+00 
------- -----------------------------------------------------------------------------

ACT MULT
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TRAILS PC -- Transport of Radioactive Material in Linear Systems, vl.Oa 
FLI - for CR, EAB A LPZ Dose (SA Case 2) tsa2FLI.inI (4/00)

NUC Grp 
NUC Grp 
NUC Grp

REMOVAL: 
1 REL FR: 
2 REL FR: 
3 REL FR:

MULTIPLIERS- > 
STEP TIME 

1 1.800E+03 
2 5.400E+03 
3 6.600E+03 
4 7.200E+03 
5 1.440E+04 
6 2.880E+04 
7 3.060E+04 
8 8.640E+04 
9 3.456E+05 

10 2.592E+06

XPR 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

***PROGENY INGROWTH ON ***

0.000E+00 1/sec 7.675E-03 1/sec 1.000E+01 cfm 
0.OOOE+00 0.O00E+00 INTAKE REDUCT: 0.0009+00 
0.000+00 O.0004E00 IXNTJAK REDUCT: 9.410E-01 
0.O000E00 0.000E+00 INTAKE REDUCT: 0.OOOE+00

XREM 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XRF 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XPR 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XREM 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0.00

XRF 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XPR 
50.0 
1.00 
31.0 
104.  
104.  
104.  

2. 800E+03 
50.0 
50.0 
50.0

XREM 
50.0 
1.00 
31.0 
104.  
104.  
104.  

2 . 800E+03 
50.0 
50.0 
50.0

XRF 
0.00 
0.00 
0.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0.00

MULTIPLIERS- > 
STEP TIMEs 

I 1.800E+03 
2 5.400E+03 
3 6.600E+03 
4 7.200E+03 
5 1.440E+04 
6 2.880E+04 
7 3.060E+04 
8 8.640E÷04 
9 3.456E+05 

10 2.592E+06

x/Q 
a/M3 

1. 000-03 

2.43 
2.43 
2.43 
2.43 
2.43 
2.43 
1.22 
1.22 

0.890 
0.626

)NTROL ROOM -------
Breathing Occupancy 

M3/4 
3.470E-04 1.000E÷00

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

0.600 
0.400

-- EXCLUSION 
X/Q 
e/M3 

1 . 000-03

1.04 
1.04 
1.04 
1.04 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

UMEA BOUNDARY --
Breathing 

M3/s 
3.4709-04

1.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

--- LOW POPULATION ZONE --
X/Q Breathing 
s/J3 J3/s 

1.000E-05 3.470E-04

6.04 
6.04 
6.04 
6.04 
6.04 
6.04 
4.33 
4.33 
2.10 

0.744

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1 • 00

I IIM IMI m III I 0I I I. -I

"a 

30 

M,"

m 

aO 

O16 

C,' 
S 

0 

On 

Prj 

0 
to 

(D p 

0 

w

I.



TRAILS -PC -- Transport of Radioactive Material in Linear Systems, vl.Oa 

FLI -ý for CR, EAD A LPZ Dose (SA Case 2) (aa2FLI.inl (4/00)

STEP TIME 
Xe-131m INITIAL 
Xe-131m TOTALS 

Xe-133m INITIAL 
Xe-133m TOTALS 

Xe-133 INITIAL 
Xe-133 TOTALS 

Xe-135m INITIAL 
Xe-135m TOTALS 

Xe-135 INITIAL 
Xe-135 TOTALS 

1-131 INITIAL 
1-131 TOTALS 

1-132 INITIAL 
1-132 TOTALS 

1-133 INITIAL 
1-133 TOTALS 

1-134 INITIAL 
1-134 TOTALS 

1-135 INITIAL 
1-135 TOTALS

not used 
CURRENT INTEGRD 

uci uCi-sec 
0. 000E+00 

0. OOOE+00 

0. OOOE+00 
0. OOOE+00 

0. OOOE+00 
0. OOOE+00 

0. OOOE+00 
0.000E+00 

0. OOOE+00 
0. OOOE+00 

0. 000E400 
0.OOOE+00 

0. OOOE+00 
0. OOOE+00 

0. 000E+O0 
0. OOOE+00 

0. OOOE+00 
0. 000E+O0 

0. 000E+O0 
0. OOOE+00

faulted BIG 
CURRENT INTEGRD 
uci uCi-aec 

0. OOOE+0O 
7 .759E+02 

0.000E+00 
1.205E+04 

0. 000E+00 
1.697E+05 

0. OOOE+00 
4.492E+06 

0. 000E+00 
7. 111E+05 

6.190E+06 
9.*064E+08 

9. 950E+05 
1.282E+00 

6.*740E+06 
8.771E+08 

1.300E+05 
1.647E+07 

2. 3SOE+06 
3.050E+08

AVERAGE 
RELEASED RELEASE 
uCI uci/sec 

5. 955E+00 

9.249E+01 

1.303E+03 

3.447E+04 

5. 4639+03 

6. 189E+06 

9. 843E+05 

6.*732E+06 

1.*264E+05 

2.*341E+06

***PROGENY INGRONTH ONi **

------CONTROL ROOK ----------
CURRENT CURRENT INTEGRD 
uCi uCi/cC uCi-sec 

0. 000E400 
3. 250E+03 

0. OOOE+00 
4.*667E+04 

0. OOOEtOO 
6.679E+05 

0. OOOE+00 
2.201E+06 

0. 000E400 
2.479E+06 

0.000OE+00 
4.816E+07 

0. OOOE+O0 
4.175E+06 

0. OOOE+00 
4. 871E+07 

0. 000E+O0 
2.859E+05 

0. OOOE+00 
1.440E+07

I
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TRAILS PC -- Transport of Radioactive Material in Linear Systems, vl.Oa 

FLI - for CR, UB & LPZ Dose (SA Case 2) (sa2FLI.iln) (4/00)

- EXCLUSION AREA BOUNDARY 
EDE SKIN-DE THY-CDE 
DOSE DOSE DOSE 
nrem arem mrea

Xe-131m 
TOTALS 

Xe-133m 
TOTALS 

Xe-133 
TOTALS 

Xe-135m 
TOTALS 

Xe-135 
TOTALS 

1-131 
TOTALS 

1-132 
TOTALS 

1-133 
TOTALS 

1-134 
TOTALS 

1-135 
TOTALS 

ALL NUCLIDE! 
0.5000 h 
1.5000 h 
1.8333 h 
2.0000 h 
4.0000 h 
8.0000 h 
8.5000 h 

24.0000 h 
96.0000 h 

720.0000 h 
TOTALS

8.41E-09 

4.54E-07 

7.56E-06 

2.44E-03 

2.26E-04 

3. 90E-01 

3.87E-01 

6.81E-01 

5.73E-02 

6.44E-01 

2.16E+00 
2.06E-06 
1.88E-i8 
1.81E-22 
O.OOE00 
0. OOE+00 
0.OOE+00 
0.OOE+00 
0.OOE+0O 
0. OOE+00 
2.16E+00

9.33E-08 0.OOE+00 

3.02E-06 0.OOE+00 

1.43E-05 0.OOE+00 

7.76E-04 0.OOE+00 

3.68E-04 O.00E÷00 

2.06E-01 2.41E+03 

1.14E-01 2.29E+00 

6.32E-01 4.37E+02 

1.88E-02 4.88E-02 

1.95E-01 2.64E+01

1.17E+00 
1.14E-06 
1.07E-18 
1.OSE-22 
0.OOE+00 
0. OOE+00 
O.OOE+00 
O.OOE+00 
0.OOE+00 
0. OOE+00

2.88E+03 
2.86E-03 
2.84E-15 
2.80E-19 
0.OOE+00 
0.OOE+00 
O.OOE+00 
0. OOE+00 
0.OOE+00 
0. OOE+00

1.11E+00 2.88E+03

--- LON POPULATION ZONE -
EDE SKIN-DE TjIY-CDE 
DOSE DOSE DOSE 
wren arem mrem

4.89E-10 

2.64E-08 

4.39E-07 

1.42E-04 

1.31E-05 

2.26E-02 

2.25E-02 

3.95E-02 

3.33E-03 

3.74E-02 

1.26E-01 
1.20E-07 
1.09E-19 
1.05E-23 
1.05E-25 
0. OOE+00 
0.OOE+00 
0.OOE+00 
0.OOE+00 
0.00E+00 
1.26E-01

5.42E-09 

1.75E-07 

8.31E-07 

4.51E-05 

2.14E-05 

1.19E-02 

6.64E-03 

3.67E-02 

1.09E-03 

1.13E-02

0. OOE+00 

0.OOE+00 

0. OOE+00 

0. OOE+00 

0. OOE+00 

1.40E+02.  

1.33E-01 

2.54E+01 

2.83E-03 

1.54E+00

6.78E-02 1.67E+02 
6.59E-08 1.66E-04 
6.24E-20 1.65E-16 
6.07E-24 1.63E-20 
6.09E-26 1.64E-22 
0.OOE+00 0.OOE+00 
O.OOE+00 O.OOE+00 
0.OOE+00 0.OOE+00 
0.OOE+00 0.OOE+00 
O.OOE+00 O.OOE+00 
6.78E-02 1.67E+02

***PROGENY INGRONTH ON *** 

--CONTROL ROOM 

EDE EDE RATE SKIN-DE THY-CDE 
DOSE DOSE RATE DOSE DOSE 

mrem mrem/h Mren mrem

4.53E-08 

2.26E-06 

3.82E-05 

1.54E-03 

1.OIE-03 

2.99E-02 

1.62E-02 

4.86E-02 

1.28E-03 

3.91E-02 

1.05E-02 
3. 93E-02 
1.21E-02 
5. 63E-03 
4.33E-02 
2.64E-02 
2.62E-04 
8. 90E-05 
2.47E-06 
2.80E-12 
1.38E-01

4.12E-02 3.74E-02 
3. SIE-02 
3.26E-02 
1.36E-02 
2.58E-03 
1.96E-05 
8.02E-07 
1.25E-12 
O.OOE+00

9.98E-06 

2.99E-04 

1.44E-03 

9.72E-03 

3.28E-02 

3.14E-01 

9.52E-02 

8.98E-01 

8.36E-03 

2.35E-01 

1.14E-01 
4.34E-01 
1.37E-01 
6.43E-02 
5.10E-01 
3.31E-01 
3.45E-03 
1.22E-03 
3.48E-05 
3.24E-11 
1.59E+00

0. OOE+00 

0. OOE+00 

0. OOE+00 

0. OOE+00 

0. OOE+O0 

3.68E+03 

1.90E+00 

6.21E+02 

2.17E-02 

3.19E+01 

2.83E+02 
1.11E+03 
3.60E+02 
f.71E+02 
1.41E+03 
9.94E+02 
1.11E+01 
4.39E+00 
1.73E-01 
3.15E-07 
4.34E+03
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RTL: n1a Fo= RE 1.103-3 9192

IBEAVER VALLEY 
POWER STATION I.

TRAILSPC Input File For ILI Case

11-11 0,10,1.OE-3,3.47E-4,1.OE-5,3.47E-4,1.0,1.OE-3,3.47E-4,1,24,0,2 
'ILI - for CR, EAB & LPZ dose ( SA Case 2) [sa2ILl.inj (4/00)' 
IcAl I 'not used %0.0 0.0,0.0,0.0 
'C2 %intact S/Gs 1,1.43555E-6,0.0,0.0,0.0 
@CR 9,1.73E5j0.,10.,0.0,0.941,0.0 
PRD',24*0.0 
'PRD',24*0.0 
'INI',I.O,' ',24V.0 
'INI',2.0,'uCi',14*0.0,6.l9E6,9.95E5,6.74E6,1.3OE5,2.35E6,5*0.0 
'INI',I.O,' -.24*0.0 
'TIM', I 800.,5400.,6600.,7200.,14400.,28800.,30600.,86400.,3.456ES,2.592E6 
XPFV,10*0.0 
'XPRI,10*0.0 
XPFZ,50.0,1.0,31.0,3*104.,2800.,3*50.  
'XRM',10*0.0 
'XRM'.4*1.0,2*0.698182,4*0.0 
XRM',50.0,1.0,31.0,3*104.,2800.,3*50.  
IMP,10*0.0 
'XRF0.10*0.0 
'XRF1,3*0.0,3*1.0,4t.0 
XOQEB',4-1.04,6*0.0 
'XI3REI3'.4*1.0,6*0.0 
X0Ql.Z,6*6.04,2*4.33,2.10,0.744 
'XBRLZ,10*1.0 
fX0Q1,6*2.43,2*1.22,0.890,0.626 

'XBR!,10*1.0 
loccl,8-1.0,0.6.0.4



TRAILS PC -- Transport of Radioactive Material in Linear Systems, V1.Oa 

ILl - for CR, LAB A LPZ dose ( SA Case 21 (sa2ILI.Lnj (4/00)

COMP: not used COMP: intact S/Gn

***PROGENY INGRONTH ON *** 

COMP: Control Room 
VOLUME: 1.730E+05 Cu.Ft.

INITIAL: 

ACT MULT (to-uCi):

O.OOOE+00 1-131 6.190E+06 1-131 uCi 0.OOOE+00 1-131 
O.OOOE+00 1-132 9.950E+05 1-132 0.OOOE+00 1-132 
O.OOOE+00 1-133 6.740E+06 1-133 O.OOOE+O0 1-133 
O.OOOE+00 1-134 1.300E+05 1-134 O.OOOE+00 1-134 
O.OOOE+00 1-135 2.350E+06 1-135 O.OOOE+00 1-135 
1.000E+00 2.OOOE+00 1.000E+00 
--------------- ---------------------------------------------------------
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TRAILSPC -- Transport of Radioactive Material in Linear Systems, vl.Oa 

ILI - for CR, EM A LPZ dose ( SA Case 2) (sa2ILI.in] (4/00)

NUC Grp 
NUC Grp 
NUC Grp

REMOVAL: 
1 REL FR: 
2 REL FR: 
3 REL FR:

*-LPROGENY INGRONTH ON ***

0.OOOE+00 1/sec 1.436E-06 1/sec 1.OOOE+01 cfm 

O.OOOE+0O O.OOOE+O0 INTAKE REDUCT: 0.000E+00 

O.OOOE0OO O.OOOE+00 INTAKE REDUCT: 9.410E-01 

O.O00E+00 O.OOOE+0O INTAKE REDUCT: O.OOOE+00

MULTPLIERS--> 
STEP TIME 

1 1.800E+03 
2 5.400E+03 
3 6.600E+03 
4 7.200E+03 
5 1.440E+04 
6 2.880E+04 
7 3.060E+04 
8 8.640E+04 
9 3.456E+05 

10 2.592E+06

XPR 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XREM 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XRF 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XPR 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XREM 
1.00 
1.00 
1.00 
1.00 

0.698 
0.698 
0.00 
0.00 
0.00 
0.00

XRF 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XPR XREM 
50.0 50.0 
1.00 1.00 
31.0 31.0 
104. 104.  
104. 104.  
104. 104.  

2.800E+03 2.800E+03 
50.0 50.0 
50.0 50.0 
50.0 50.0

MULTIPLIERS- > 
STEP TIMEs 

1 1.800E+03 
2 5.400E+03 
3 6.600E+03 
4 7.200E+03 
5 1.440E+04 
6 2.880E+04 
7 3.060E+04 
8 9.640E+04 
9 3.456E+05 

•10 2.592E+06

X/Q 
s/M3 

1.OOOE-03 

2.43 
2.43 
2.43 
2.43 
2.43 
2.43 
1.22 
1.22 

0.890 
0.626

ONTROL ROOM 
Breathing Occupancy 

M3/s 
3.470E-04 1.000E+00

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

0.600 
0.400

--- EXCLUSION AREA BODARY --
X/Q Breathing 
x/M3 M3/s 

1.OOOE-03 3.470E-04

1.04 
1.04 
1.04 
1.04 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

1.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

-- LON POPULATION ZONE --
X/Q Breathing 
a/M3 M3/s 

1.000E-05 3.470E-04

6.04 
6.04 
6.04 
6.04 
6.04 
6.04 
4.33 
4.33 
2.10 

0.744

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00

-�uw

_U

XRF 
0.00 
0.00 
0.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0.00
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TRAILSPC -- Transport of Radioactive Material in Linear Systems, vl.Oa 
ILI - for CR, EAD & LPZ dose ( SA Case 2) [sa2rLI.in] (4/00)

STEP TIME 
Xe-131m INITIAL 
Xe-131m TOTALS 

Xe-133m INITIAL 
Xe-133m TOTALS 

Xe-133 INITIAL 
Xe-133 TOTALS 

Xe-135m INITIAL 
Xe-135m TOTALS 

Xe-135 INITIAL 
Xe-135 TOTALS 

1-131 INITIAL 
1-131 TOTALS 

1-132 INITIAL 
1-132 TOTALS 

1-133 INITIAL 
1-133 TOTALS 

1-134 INITIAL 
1-134 TOTALS 

1-135 INITIAL 
1-135 TOTALS

not used 
CURRENT INTEGRD 

uCi uCi-sec 
0.OOOE+00 

O.OOOE+00 

0.OOOE+00 
0.000E+00 

0.OOOE+00 
0.OOOE+00 

0.OOOE+00 
O.00OE÷O0 

0.OOOE00 
0.00OE+00 

0.00OE+00 
0.OOOE+00 

0.OOOE+00 
O.OOOE+00 

0.OOOE+00 
O.OOOE+00 

0.000E+00 
0.OOOE+00 

0.OOOE+00 
O.O00E+00

intact S/Ga 
CURRENT INTEGRD 
uCi uCi-sec 

0.000E+00 
8.137E+10 

0.OOOE+00 
4.062E+10 

0.OOOE+00 
1.378E+12 

O.OOOE+00 
2.601E+10 

O.O00E+O0 
1.565E+1i 

1.238E+07 
1.112E+13 

1.990E+06 
2.346E+10 

1.348E+07 
1.416E+12 

2.600E+05 
1.177E+09 

4.700E+06 
1.578E+11

AVERAGE 
RELEASED RELEASE 
uCi uCi/sec 

3.759E+01 

5.270E+02 

7.579E+03 

1.625E+04 

2.600E+04 

3.846E+05 

2.608E+04 

3.765E+05 

1.583E+03 

1.036E+05

***PROGENY INGROWTH ON ***

----------CONTROL ROOH----------
CURRENT CURRENT INTEGRD 
uCi uCl/cC uCi-sec 

O.O 0E+00 
2.670E+02 

0.OOOE+00 
3.696E+03 

0.OOOE+00 
5.365E+04 

0.OOOE+00 
3.323E+04 

0.OOOE+00 
1.717E+05 

0.000E+00 
4.436E+05 

0.OOOE+00 
2.865E+04 

0.OOOE+00 
4.329E+05 

0.OOOE+00 
1.479E+03 

0.OOOE+00 
1.182E+05
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TRAILS PC -- Transport of Radioactive Material in Linear Systems, vl.Oa 

ILI - for CR, CAB & LPZ dose ( SA Case 2) (sa2ILI.in] (4/00)

- EXCLUSION AREA BOUNDARY 
EDE SKIN-DE THY-CDE 
DOSE DOSE DOSE 
mrem mrem mrem

Xe-131m 
TOTALS 4.75E-09 5.27E-08 

Xe-133m 
TOTALS 2.50E-07 1.66E-06 

Xe-133 
TOTALS 4.19E-06 7.92E-06 

Xe-135m 
TOTALS 4.21E-04 1.34E-04 

Xe-135 
TOTALS 1.28E-04 2.09E-04 

1-131 
TOTALS 7.99E-03 4.21E-03 

1-132 
TOTALS 6.04E-03 1.79E-03 

1-133 
TOTALS 1.36E-02 1.26E-02 

1-134 
TOTALS 6.10E-04 2.00E-04 

1-135 
TOTALS 1.201-02 3.63E-03 

ALL NUCLIDES 
0.5000 h 1.09E-02 5.95E-03 
1.5000 h 2.03E-02 1.14E-02 
1.8333 h 6.36E-03 3.65E-03 
2.0000 h 3.11E-03 1.80E-03 
4.0000 h 0.OOE+00 O.00E+00 
8.0000 h 0.00E+00 O.00+E00 
8.5000 h 0.001+00 0.00E+00 

24.0000 h 0.001+00 0.001+00 
96.0000 h O.OOE+00 0.001+00 

720.0000 h 0.00÷+00 0.001+00 
TOTALS 4.07E-02 2.28E-02

--- LOW POPULATION ZONE ---

3.  

1.  

2.  

6.  

6.  

1.  

5.  

2 

4 

1

0.00E+00 

0.001+00 

0.0OE+00 

0.OE+00 

0.00C+00 

4.94E+01 

3.571-02 

8.71E+00 

5.19E-04 

4.93E-01 

1.48E+01 
2.93E+01 
9.69E+00 
4.83E+00 
0.001+00 
0.00E+00 
0.001+00 
0.001+00 
0.00÷+00 
o.001+00 
5.87E+01

EDE SKIN-DE THY-CDE 
DOSE DOSE DOSE 
mrem mrem mrem 

.08E-09 3.42E-08 O.00E+00 

.50E-07 9.99E-07 0.001+00 

56E-06 4.83E-06 0.00E+00 

.68E-05 2.12E-05 0.00E+00 

.24E-05 1.02E-04 0.001+00 

.41E-03 7.42E-04 8.71E+00 

.95E-04 1.76E-04 3.52E-03 

.21E-03 2.05E-03 1.42E+00 

.17E-05 1.37E-05 3.55E-05 

.66E-03 5.01E-04 6.80E-02

6.36E-04 
1. 18E-03 
3.69E-04 
1. 81E-04 
1. 39E-03 
2.29E-03 
0.00E+00 
0.001+00 
0.OOE+00 
0.00E+00 
6.04E-03

3. 46C-04 
6.61E-04 
2.12E-04 
1. 04E-04 
8.30E-04 
1.46"E-03 
0.OOE+00 
0.001+00 
0.0o0+00 
0.OOE+00 
3.61-03

8. 61E-01 
1.701+00 
5.63E-01 
2. 801-01 
2.32E+00 
4.47E+00 
0.001+00 
0.001+00 
0.OOE+00 
0.001+00 
1. 02E+01

***PROGENY IHGROWNT ON *

-------CONTROL ROOM -------------
EDE 
DOSE 

3.72E-09 

1.79E-07 

3.07E-06 

2.32E-05 

7. 00-05 

2.76E-04 

1. 11E-04 

4.32E-04 

6.62E-06 

3.21E-04 

5.33E-05 
2. 03E-04 
7.68E-05 
4.30E-05 
3.94E-04 
4. 60E-04 
9.40E-06 
3.08E-06 
'7. 90E-08 
8.38E-14 
1. 24E-03

EDE RATE 
DOSE RATE 

mrem/h 

2.091-04 
1.97E-04 
2.63E-04 
2.54E-04 
1.55E-04 
9.28E-05 
6.96E-07 
2.62E-08 
3,76E-14 
0.001+00

SKIN-DE 
DOSE 
mrem 

8.20C-07 

2.37E-05 

1. 16E-04 

1. 47E-04 

2.27E-03 

2.89E-03 

6.53E-04 

7.98E-03 

4.33E-05 

1. 93E-03 

5.81E-04 
2.26E-03 
8.77E-04 
4. 96E-04 
4.83E-03 
6.80E-03 
1.54E-04 
5.11E-05 
1.25E-06 
1. 03C-12 
1. 61E-02

THY-CDE 
DOSE 
mrem 

0.00E+00 

0.00o+00 

0.00.+00 

0.OOE+00 

0.00E+00 

3.39E+01 

1. 31E-02 

5.52E+00 

1. 12E-04 

2.62E-01 

1.46E+00 
5.82E+00 
2.33E+00 
1. 32E+00 
1.261+01 
1. 57E+01 
3.24E-01 
1. 28E-01 
5.051-03 
9.201-09 
3.97E+01

T
-or 

0m 

rn 

,,O 

o~, 

CD 

0 M 

z 

0 

CD 

00 

CD
.11 

a 

I.'



BEAVER VALLEY 
POWER STATION ERS-SFL-96-008 Page 4 

Health Physics Department Revision 6 [Attachment 4 

TRAILSPC Input File For ITN Case 

11 ',10,lE-3,3.47E-4,1.OE-5,3.47E-4,1.0,1.OE-3,3.47E-4,1,24,0,2 
'ITN - for CR, EAB & I-PZ dose (SA Case 2) [sa2lTN.1n] (4/00)' 
'Cl ','not used ',0.0,0.0,0.0,0.0 
'C2 %intact 8/G',8.794E-8.0.0,0.0,0.0 
CR -,1.73E5,10.,10.,0.0,0.941,0.0 
'PRD',24*0.0 
'PRD',24*0.0 
IINII,1.0,' 1,24*0.0 
'INI',1.0,'uCi', 3.44E6,1.2OE7,1.26E9,8.06E6,2.25E7,6.54E5,0.0,4.09E7, 
3.42E7,2.53E9,7.82E6,8.42E7.1.61 E6,5.53E6,1 0*0.0 
IINII,1.0,1 ',24*0.0 
"I"IMI, I 800.,5400.,6600.,7200.,14400.,28800.,30600.,86400.,3A56E5,2.592E6 
'XPR!,10*0.0 
'XPRI.10*0.0 
XPFV,50.0,1.0,31.0,3*104.,2800.,3*50.  
'XRM1,10*0.0 
'XRM',6*1.0,4*0.0 
'XRM',50-0.1.0,31.0,3*104.,2800.,3,*50.  
'XRFI,10*0.0 
'XRF',10*0.0 
'XRF',3*0.0,3*1.0,4*0.0 IXOQI,4*1.04,6*0.0 
'XBR',4*1.0,6*0.0 1X0Q1,6*6.G4,2*4.33,2.10,0.744 
'XBR!,10*1.0 
'XOQ',6*2.43,2*1.22,0.890,0.626 
'XBR,10*1.0 
loccl,8*1.0,0.6,0.4

RM- n/a Fc= n 1.103-3 9192 1ý



TRAILS PC -- Transport of Radioactive Material in Linear Systems, Vi.Oa 

ITH - -for CR, EAB & LPZ dos*'(SAh Case 2) (sa2ITM-inj (4/00)

COMP: not used

INITIAL: 

ACT MULT (to uCi):

COMP: intact S/C3

***PROGENY INGROWNH ON4 * 

COMP, Control Room 
VOLUJME: 1.730E+05 Cu.Ft.

O.OOOE.O0 IKr-83wu 3.440E+06 IKr-83m uCi O.OOOE+O0 Kr-83m 

0.OOOE+00 IKr-95,u 1.200E+07 Kr-85m O.OOOE+O0 Kr-85m 

0.OOOE400 Kr-85 1.260E+09 Kr-85 O.000E40O Kr-85 

0.000E400 Kr-87 8.060E+06 Kr-87 0.OOOE+O0 Kr-87 

0.0009+00 Kr-88 2.250E+07 Kr-88 0.OOOE+00 Kr-88 

0.OOOE400 Kr-89 6.540E+05 Kr-09 O.000E+O0 Kr-S9 

0.OOOE+OO Xe-131m 4.090E+07 Xe-131n O.000E400 Xe-131m 

0.OOOE+00 Xe-133m 3.420E+07 Xe-l33m O.OOOE+00 xe-133ms 

o.0OOOE0O Xe-133 2.530E+09 Xe-133 O.OOOE+00 xe-133 

0.OOOE+00 Xe-135m 7.820E+06 Xe-135m 0.OOOE+O0 Xe-135m 

O.OOOE+0O Xe-135 8.420E+07 Xe-135 0.OOOE+00 Xe.135 

O.000E400 Xe-137 1.610E+06 Xet-137 0.OOOE+0O Xe-37 

0.OOOE.00 Xe-130 5.530E+06 Xe-138 0.OOOE+00 Xe-138 

1.0O0E+00 1.00OE+00 1.000E+00 

--------------- - ---------- ----------------------------
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TRAILS -C -- Transport of Radioactive Material in Linear Systems, vl.Oa 
ITl - for CR. •AB & LPZ dose (SA Case 2) [sa21TH.in] (4/00)

NUC Grp 1 
NUC Grp 2 
NUC Grp 3

REMOVAL: 
REL FR: 
REL FR: 
REL FR:

***PROGENY INGROWTH ON ***

0.OOOE+0O0 /see 8:794E-08 1/sec 1.00£E+O1 cfm 
O.OOOE+00 0.OOOE+00 INTAKE REDUCT: O.OOOE+00 
O.OOOE+00 O.OOOE+00 INTAKE REDUCT: 9.410E-01 
O.OOOE+O0 O.OOOE+0O INTAKE REDUCT: O.OOOE+00

MULTIPLIERS- > 
STEP TIME 

1 1.800E+03 
2 5.400E+03 
3 6.600E+03 
4 7.200E+03 
5 1.440E+04 
6 2.880E+04 
7 3.060E+04 
e 8.640E+04 
9 3.456E+05 

10 2.592E+06 

MULTIPLIERS -> 
STEP TIME,s 

1 1.800E+03 
2 5.400E+03 
3 6.600E+03 
4 7.200E+03 
5 1.440E+04 
6 2.880E+04 
7 3.060E+04 
8 8.640E+04 
9 3.456E+05 

,10 2.592E+06

XPR 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

X/Q 
s/M3 

1.000E-03 

2.43 
2.43 
2.43 
2.43 
2.43 
2.43 
1.22 
1.22 

0.890 
0.626

XREM 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XRF 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XPR 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

ONTROL ROOM--------
Breathing Occupancy 

M3/s 
3.470E-04 1.OOOE+00

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

0.600 
0.400

XREM 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0.00

XRF 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

--- EXCLUSION AREA BOUNDARY --
X/Q Breathing 
s/M3 M3/s 

1.000E-03 3.4709-04

1.04 
1.04 
1.04 
1.04 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

1.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XPR 
50.0 
1.00 
31.0 
104.  
104.  
104.  

2.800E+03 
50.0 
50.0 
50.0

XREK 
50.0 
1.00 
31.0 
104.  
104.  
104.  

2. 800E+03 
50.0 
50.0 
50.0

XRF 
0.00 
0.00 
0.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0.00

--- LO POPULATION ZONE --
X/Q Breathing 
s/M3 H3/s 

1.O00E-05 3.470E-04

6.04 
6.04 
6.04 
6.04 
6.04 
6.04 
4.33 
4.33 
2.10 

0.744

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00
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TRAILS PC -- Transport of Radioactive Material in Linear Systems, vi.Oa 

ITN -- for CR, FAR & LPZ dose (SA Case 2) (sa21TN.in) (4/00)

STEP TIME 
Kr-83m INITIAL 
Kr-S3m TOTALS 

Kr-BSm INITIAL 
Kr-B5m TOTALS 

Kr-85 INITIAL 
Kr-85 TOTALS 

Kr-87 INITIAL 
Kr-87 TOTALS 

Kr-88 INITIAL 
Kr-88 TOTALS 

Kr-89 INITIAL 
Kr-89 TOTALS 

Xe-131m INITIAL 
Xe-131m TOTALS 

Xe-13 3 m INITIAL 
Xe-133m TOTALS 

Xe-133 INITIAL 
Xe-133 TOTALS 

Xe-135m INITIAL 
Xe-135m TOTALS 

Xe-135 INITIAL 
Xe-135 TOTALS 

Xe-137 INITIAL 
Xe-137 TOTALS 

Xe-138 INITIAL 
Xe-138 TOTALS

not used 
CURRENT INTEGRD 

uCi uCi-sec 
0.000E+00 

0.000E+00 

0.000E+00 
. O.000E+00 

0.000E+00 
0.000E+00 

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

0.000E+00 
O.OOOE+00 

O.OOOE+00 
O.000E+00 

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

0.000E+00 
O.OOOE+00 

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

0.000E+00 
0.000E+00 

0.0009+00 
O.000E+00 

O.OOOE+00 
O.O00E+00 

0.000E+00 
O.OOOE+00

intact SIG 
CURRENT INTEGRD 

uCi uCi-sec 
3.440E+06 

3.267E+10 

1.200E+07 
2.788£+11 

1.260E+09 
3.249E+15 

8.060E+06 
5.320E+10 

2.250E+07 
3.315E+11 

6.540E+05 
1.789E+08 

4.090E+07 
4.981E+13 

3.420E+07 
9.313E+12 

2.530E+09 
1.628E+15 

7.820E+06 
1.040E+10 

8.420E+07 
3.987E+12 

1.610E+06 
5.338E+08

5.530E+06

AVERAGE 
PkELEASED RELEASE 
uCi uCi/sec 

2.734E+03 

1.741E+04 

3.187E+06 

4.619E+03 

2.502E+04 

1.573E+01 

1.025E+05 

8.210E+04 

6.263E+06 

9.142E+02 

1.600E+05 

4. 694E+01

***PROGENY INGROWTH ON ***

----------.CONTROL ROC -CURRENT CURRENT INTEGRD 
uCi uCi/Oc uCi-sec 

O.OOOE+00 
8.828E+03 

O.OOOE+00 
8.421E+04 

O.OOOE+00 
2.020E+07 

O.OOOE+00 
1.119E+04 

0.OOOE+00 
1.030E+05 

O.O 0E+00 
2.437E+00 

O.OOOE+00 
6.467E+05 

0. 000+00 
5.087E+05 

O.O00E+00 
3.932E+07 

O.OOOE+00 
5.171E+02 

0.0005+00 
8.889E+05 

0.000E+00 
8.770E+00

0.000E+00
6.763E+09 5.948E+02

3.109E+02
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TRAILS PC -- Transport of Radioactive Material in Linear Systems, vl.Oa 
ITN - -for CR, EAB & LPZ done (SA Case 2) (sa2ITH.inj (4/00)

- EXCLUSION4 AREA BOUNDARY 
EDE SKIN-DE THY-CDE

Kr-83m 
TOTALS 

Kr-85m 
TOTALS 

Kr-85 
TOTALS 

Kr-87 
TOTALS 

Kr-98 
TOTALS 

Kr-89 
TOTALS 

X*-13lm 
TOTALS 

Xe-133rn 
TOTALS 

Xe-133 
TOTALS 

Xe-135m 
TOTALS 

Xe-135 
TOTALS 

Xe-137 
TOTALS 

Xe-138 
TOTALS

DOSE DOSE DOSE
MOMr intrn intern

2.36E-08 

1.76E-04 

2. 95E-04 

4.58E-04 

4.20E-03 

5. 27E-06 

3. 65E-05 

1. 05E-04 

9.25E-03 

6.44E-05 

2.05E-03 

1.48E-06 

1.23E-04

0.OOE*00 

3. 47E-04 

4.12E-02 

1. 09E-03 

9. 25E-04 

5.73E-06 

4.04E-04 

6. 97E-04 

1.75E-02 

2. 05E-05 

3. 34E-03 

.2.24E-05 

9.12E-05

0. OOE+00 

O.OOE+00 

0. OOE+ 00 

0. OOE+0O 

0. 00E+OO 

0. OOE+00 

0. OOE+0O 

0. OOE+00 

0. OOE+OO 

0. OOE+00 

0. OOE+0O 

0. 00E4OO 

0. OOE+O0

--LOW POPULATION ZONE-
EDE SKIN-DE THY-CDE 
DOSE DOSE DOSE 
inrem inrem inrem 

2.45E-09 O.OOE+OO 0.*OOE+O0 

2.72E-05 5.38E-05 O.OOE+O0 

6.84E-05 9.57E-03 O.OOE+O0 

3.95E-05 9.38E-05 O.OOE+OO 

5.42E-04 1.19E-04 O.OOE+OO 

3.06E-07 3.33E-07 O.OOE+OO 

8.41E-06 9.32E-05 O.OOE+OO 

2.34E-05 1.56E-04 O.OOE+OO 

2.11E-03 3.99E-03 O.OOE+O0 

3.7GE-06 1.19E-06 O.OOE+00 

3.84E-04 6.25E-04 O.00E+OO 

8.58E-08 1.30E-06 0.OOE+0O 

7.14E-06 5.31E-06 O.OOE+O0

***PR00ENY INGROWTH ON4 ** 

--------CONTROL ROOM ------------
EDE EDE RATE SKIN-DE THY-COL 
DOSE DOSE RATE DOSE DOSE 
inrem mrtem/h inter inter 

1.35E-09 O.OOE+0O O.OOE+00 

2.24E-05 8.79E-04 O.OOE+OO 

7.37E-05 2.05E-01 O.OOE+OO 

1.63E-05 7.68E-04 O.00E400 

3.79E-04 1.66E-03 0.OOE+00 

9.05z-09 1.74E-07 O.00E40O 

9.01E-06 1.99E-03 0.OOE+O0 

2.46E-05 3.26E-03 0.OOE+0O 

2.25E-03 8.47E-02 O.OOE+0O 

3.61E-07 2.28E-06 0.00E4OO 

3. 62E-04 1.17E-02 O.OOE400 

2.72E-09 8.21E-07 0.OOE+OO 

6.50E-07 9.62E-06 O.OOE+OO
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TRAILS PC -- Transport of Radioactive Material in Linear Systems, vl.Oa 

ITN - for CRe EAB A LPZ dose (SA Case 2) [sa2ITN.in] (4/00)

- EXCLUSION AREA BOUNDARY 
EDE SKIN-DE THY-CDE 
DOSE DOSE DOSE 
mrem wrem mrem

ALL NUCLIDES 
0.6000 h 
1.5000 h 
1.8333 h 
2.0000 h 
4.0000 h 
8.0000 h 
8.5000 h 

24.0000 h 
96.0000 h 

720.0000 h 
TOTALS

4.59E-03 
8.30E-03 
2.60E-03 
1.27E-03 
0. OOE+00 
0.OOE+00 
0. OOE+00 
0. OOE+00 
0. OOE+00 
0. OOE+00 
1.68E-02

1.67E-02 
3.28E-02 
1.08E-02 
5.37E-03 
0. OOE+00 
0.OOE+00 
0. OOE+00 
0. OOE+00 
O.OOE+00 
0. OOE+00 
6.57E-02

0. OOE+00 
0. OOE+00 
0. OOE+00 
0. OOE+00 
0. OOE+00 
O.OOE00 
0. OOE+00 
0. OOE+00 
0. OOE+00 
0.OOE+00 
0. OOE+00

--- LON! 
EDE 
DOSE 
mrem 

2.66E-04 
4 82E-04 
1.51E-04 
7.40E-05 
8.24E-04 
1.42E-03 
0. OOE+00 
0. OOE+00 
O. OOE+00 
0. OOE+00 
3.22E-03

'OPULATION ZONE --
SKIN-M V T-CVE 

DOSE DOSE 
merm mrem

9.72E-04 
1.90E-03 
6.27E-04 
3.12E-04 
3.70E-03 
7.20E-03 
0. OOE+00 
0.OOE+00 
0. OOE+00 
0. OOE+00 
1.47E-02

0. OOE+00 
0. OOE+00 
O.OOE+00 
0. OOE+00 
0. OOE+00 
0.OOE+00 
O.OOE+00 
0. OOE+00 
0. OOE+00 
0. OOE+00 
0. OOE+00

***PROGENY INGROWTH ON *** 

------------ CONTROL ROOM------------
EDE EDE RATE SKIN-DE THY-CDE 
DOSE DOSE RATE DOSE DOSE 
mrern mrem/h arem jurem

2.21E-05 
8.26E-05 
3.12E-05 
2.16E-05 
6.66E-04 
2.23E-03 
6.25E-05 
2.30E-05 
8.36E-07 
1.40E-12 
3.14E-03

8.59E-05 
8.02E-05 
1. 07E-04 
1. 52E-04 
4.72E-04 
6.14E-04 
4.70E-06 
2.52E-07 
6.24E-13 
0. OOE+00

1.64E-03 
6.40E-03 
2. 58E-03 
1.81E-03 
6. OSE-02 
2.28E-01 
6.63E-03 
2.66E-03 
1. 11E-04 
2.53E-10 
3. 1OE-01

0. OOE+00 
0. OOE+00 
0. OOE+00 
0. OOE+00 
0. OOE+00 
0. OOE+00 
0.OOE+00 
0.OOE+00 
0. OOE+00 
O.OOE+00 
0. OOE+00
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BEAVER VALLEY 
POWER STATION ERS-SFL-95-008 Page 50 

Health Physics Department RevIslorf 6 Attachment 4 

TRAJLSPC Input File For ITC: Case 

11 ',11,1.OE-3,3.47E-4,1.OE-5,3.47E-4,1.0,1.OE-3,3.47E-4,1,24,0,2 
'ITC - for CR, EAB & I-PZ dose (SA Case 2) [sa21TC.1n] (4/00)' ICI ','not used',0.0.0.0,0.0.0.0 
'C2 Vintact S/G',9.213E-8.0.0,0.0,0.0 
OCR @, 1.73ES, 10., 10.,0.0,0.941,0.0 
'PRD',24-0.0 
'PRU, I 4-0.0,6.59E5,6.41 E5,1.13E6,7.1 I E5.8.52E5,5*0.0 
INI',1.0,' ',24*0.0 

'INI',1.0,'uCP,14*0.0,2.23E7,8.8lE6,3.35E7,4.93E6,1.93E7,5*0.0 
'INI',1.0,' ',24*0.0 
'TIM', I 800.,3600.,5400.,6600.,7200.,14400.,288DD.,30600.,86400.,3.456E5,2.592E6 
'XPR-,11*0.0 
XPR',6*1.0,.002,4*0.0 
'XPFr,50.0,2*1.0,3i.0,3-104.,2600.,3-50.  
XRM', 11 *0.0 
'XRM',2*1.0,5-0.01,4*0.0 
'XRMV,50.0,2*1.0,31.0,3*104.,2800.,3*50.  
'XRF', I 1 *0.0 
'XRF',11*0.0 
'XRF',4-0.0,3*1.0,4*0.0 
'XOQEB',5*1.04.6*0.0 
'Xl3REl3',5*i.0,6*0.0 
-X0QLZ,7-6.04,2*4.33,2.10,0.744 
'XBRLZ,11*i.0 
'X0Q',7*2.43,2*1.22.0.890,0.626 
'XBR!,11*1.0 

RIL: nfa Fomr RE 1.103-3 9192 

OCC',9*1.0,0.6,0.4



TRAILS -PC -- Transport of Radioactive Material in Linear Systems, V1.Oa 

ITC - for CR, FAB A LPZ dose IBA Case 2) (sa2lTC.iflj (4/00)

COMP: not used

INITIAL: 

ACT MULT (to uCi): 

PRODIJCTIOI,uCi/s:

COMP: intact SIG

***PROGENY INGROWTH ON * 

COMP: Control Room 
VOLUME: 1.730E+05 Cu.Ft.

0.OOOE+00 1-131 2.230E+07 1-131 uCi O.OOOE.0O 1-131 

O.OOOE+00 1-132 8.810E+06 1-132 0.OOOE+OO 1-132 

O.OOOE+O0 1-133 3.350E+07 1-133 0.OOOE+00 1-133 

O.OOOE+0O 1-134 4.930E+06 1-134 O.OOOE+00 1-134 

0.OOOE+O0 1-135 1.930E+07 1-135 0.000E+00 1-135 

1.OOOEfr00 1.OOOE+00 1.OOOE+00 

-------------------------------------------------------

WAno-A T1141 65A90E+05 1-131 INTAKE: 1.OOOE+01 CF
0.OOEW -3 
0.OOOE+00 1-132 
O.OOOE+00 1-133 

0.OOOEOO0 1-135

6. 410E+05 
1. 130E+06 
7. 110E+05 
S. 520E+05

1-132 
1-133 
1-134 
1-135
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TRAILS PC -- Transport of Radioactive Material in Linear Systems, vl.0a 
ITC - for CR, EAD & LPZ dose (SA Case 2) [sa21TC.inj (4/00)

REMOVAL: 
NUC Grp 1 REL FR: 
NUC Grp 2 REL FR: 
NUC Grp 3 REL FR: 

MULTIPLIERS -> 
STEP TIME 

1 1.800E÷03 
2 3.600E÷03 
3 5.400E÷03 
4 6.600E÷03 
5 7.200E+03 
6 1.440E+04 
7 2.880E+04 
8 3.060E+04 
9 8.640E+04 

10 3.456E÷05 
11 2.592E+06 

MULTIPLIERS- > 
STEP TIME,x 

1 1.800E+03 
2 3.600E÷03 
3 5.400E+03 
4 6.600E+03 
5 7.200E+03 
6 1.440E+04 
7 2.880E+04 
8 3.060E÷04 
9 8.640E+04 

10 3.456E+05 
11 2.592E+06

***PROGENY INGROWTH ON ***

0.OOOE+00 1/sec 9.213E-08 1/sec 1.OOOE+01 cfm 
O.OOOE+00 0.OOOE+00 INTAKE REIXJCT: O.000E+00 
0.OOOE+00 0.OOOE+00 INTAKE REDUCT: 9.410E-01 
O.OOOE+00 O.OOOE+00 INTAKE RE3UCT: 0.OOOE+00

XPR 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XREM 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00
0.00

XRF 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

--------CONTROL ROOM-------
X/Q Breathing Occupancy 
s/M3 13/s 

1.000E-03 3.470E-04 1.OOOE+00

2.43 
2.43 
2.43 
2.43 
2.43 
2.43 
2.43 
1.22 
1.22 

0.890 
0.626

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

0.600 
0.400

XPR 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

2.OOOE-03 
0.00 
0.00 
0.00 
0.00

XRE4 
1.00 
1.00 

1.OOOE-02 
1.OOOE-02 
1.OOOE-02 
1. OOOE-02 
1.000-02 
0.00 
0.00 
0.00 
0.00

XRF 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

EXCLUSION AREA BOUNDARY --
X/Q Breathing 
a/M3 M3/s 

1.OOOE-03 3.470E-04

1.04 
1.04 
1.04 
1.04 
1.04 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

1.00 
1.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XPR XREI 
50.0 50.0 
1.00 1.00 
1.00 1.00 
31.0 31.0 
104. 104.  
104. 104.  
104. 104.  

2.800E+03 2.800E+03 
50.0 50.0 
50.0 50.0 
50.0 50.0

XRF 
0.00 
0.00 
0.00 
0.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0.00

--- LOW POPULATION ZONE --
X/Q Breathing 
s/N3 M3/s 

1.OOOE-05 3.470E-04

6.04 
6.04 
6.04 
6.04 
6.04 
6.04 
6.04 
4.33 
4.33 
2.10 

0.744

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00
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TRAILS PC -- Transport of Radioactive Material in Linear Systems, vl.0a 
ITC - for CR, FAB A LPZ doae (SA Case 21 (sa2ITC.in) (4/00)

STEP TIME 
Xe-131m INITIAL 
Xe-131m TOTALS 

Xe-133m INITIAL 
Xe-133m TOTALS 

Xe-133 INITIAL 
Xa-133 TOTALS 

Xe-135m INITIAL 
Xe-135m TOTALS 

Xe-135 INITIAL 
Xe-135 TOTALS 

1-131 INITIAL 
1-131 TOTALS 

1-132 INITIAL 
1-132 TOTALS 

1-133 INITIAL 
1-133 TOTALS 

1-134 INITIAL 
1-134 TOTALS 

1-135 INITIAL 
1-135 TOTALS

not used 
CURRENT INTEGRD 

uCi uCi-aec 
O.000E+00 

O.O00E+00 

O.O00E+00 
O.0OOE+00 

O.000E+00 
0.000E+00 

0.O00E+00 
O.O00E+00 

0.000+E00 
O.000E+00 

O.0003+00 
O000E+00 

O.O00E+00 
O.O00E+00 

0.000+E00 
O.O00E+00 

0.000+E00 
O.000E+00 

0.000E+00 
O.000E+00

intact SIG 
CURRENT INTEGRD 

uCi uCi-sec 
O.000E+00 

6.452E+13 

O.000E+00 
5.082E+13 

O.000E+00 
1.723E+15 

0.000E+00 
6.974E+13 

0.000Z+00 
4.2272+14 

2.230E+07 
8.827E+15 

8.810E+06 
1.106E+14 

3.350E+07 
1.765E+15 

4.930E+06 
4.673E+13 

1.930E+07 
4.227E+14

***PROGENY INGROWTH ON *** 

AVERAGE - ----------CONTROL ROOM-
RELEASED RELEASE 
aCi uCi/sec 

1.903E+01 

4.336E+02 

6.194E+03 

7.064E+04 

5.046E+04 

5.837E+05 

4.300E+05 

9.647E+05 

3.719E+05 

6.725E+05

CURRENT 
uCi 

O.00OE+00 

O.00OE+00 

O.000E+00 

O.000E+00 

O.000E+00 

0.000E+00 

O.003E+00 

O003E+00 

0.000E+00 

O.000E+00

CURRENT INTEGRD 
uCi/oc uCi-sec 

1.620E+02 

3.613E+03 

5.206E+04 

1.773E+05 

3.948E+05 

9.237E+05 

4.419E+05 

1.454E+06 

2.334E+05 

9.060E+05
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TRAILS PC -- Transport of Radioactive Material in Linear Systems, vl.Oa 
ITC - for CR, EAB & LPZ dose (SA Case 2) (sa2ITC.inJ (4/00)

Xe-131m 
TOTALS 

Xe-133m 
TOTALS 

Xe-133 
TOTALS 

Xe-135m 
TOTALS 

Xe-135 
TOTALS 

1-131 
TOTALS 

1-132 
TOTALS 

1-133 
TOTALS 

1-134 
TOTALS 

1-135 
TOTALS 

ALL NUCLIDES 
0.5000 h 
1.0000 h 
1.5000 h 
1.8333 h 
2.0000 h 
4.0000 h 
8.0000 h 
8.5000 h 

24.0000 h 
96.0000 h 

720.0000 h 
TOTALS

- EXCLUSION AREA BOUNDARY 
EDE SKIN-DE THY-CDE 
DOSE DOSE DOSE 
mrem mrem mren

5. 40E-09 

4.54E-07 

7.57E-06 

3.15E-03 

5.02E-04 

2.60E-02 

1.41E-01 

7.06E-02 

1.54E-01 

1.41E-01 

1.39E-01 
3.84E-01 
5.95E-03 
5. 01E-03 
2. 90E-03 
0.005+00 
0.00£+00 
0.00÷+00 
0.005+00 
0. OOE+00 
0. 005+00 
5.36E-01

5.99E-08 

3.02E-06 

1.43E-05 

l.OOE-03 

8.19E-04 

1.37E-02 

4.17E-02 

6.55E-02 

5.07E-02 

4.26E-02 

5. 53E-02 
1. 55E-01 
2.445-03 
2- 08E-03 
1. 17E-03 
0.00E+00 
0.005+00 
0.OOE+00 
0.005+00 
0.0oo+00 
0.00E+00 
2.16E-01

0.005+00 

0. 00E+00 

0.00E+00 

0.005+00 

0.00E+00 

1.61E+02 

8.34E-01 

4.53E+01 

1. 31E-01 

5.78E+00 

5.27E+01 
1.54E+02 
2.54E+00 
2.25E+00 
1.29E+00 
0.OOE+00 
0.005+00 
0.00÷+00 
0.005+00 
0. 00÷+00 
0. 00E+00 
2.13E+02

1.  

1.  

2.  

2.  

1.  

2.  

9.  

5.  

9.  

1.

II

8. 06E-03 
2.23E-02 
3.46E-04 
2.91E-04 
1. 62E-04 
2.69E-03 
4.74E-03 
0. 005+00 
0.005+00 
0.o00+00 
0.00E+00 
3.86E-02

3;21E-03 
9. 00E-03 
1.425-04 
1. 21E-04 
6.79E-05 
1. 17E-03 
2.34E-03 
O.OOE+00 
0.OOE+00 
0.005+00 
0.00E+00 
1. 61E-02

3.065+00 
8.94E+00 
1.48E-01 
1.31E-01 
7.50E-02 
1. 40E+00 
3.615+00 
0.005+00 
0.005+00 
0.00÷+00 
0.00E+00 
1.74E+01

-- LOW POPULATION ZONE --
EDE SKIN-DE THY-CDE 
DOSE DOSE * DOSE 
.rem mrem mrem 

.56E-09 1.73E-08 0,00E+00 

.24E-07 8.22E-07 O.OOE+00 

09E-06 3.95E-06 0.00E+00 

.90E-04 9.23E-05 O.00E+00 

.21E-04 1.97E-04 0.00E+00 

14E-03 1.13E-03 1.32E+01 

81E-03 2.90E-03 5.80E-02 

67E-03 5.26E-03 3.64E+00 

8OE-03 3.22E-03 8.345-03 

07E-02 3.25E-03 4.41E-01

6.51E-04 
1.20E-03 
1. 07E-03 
6.43E-04 
2.95E-04 
2.15E-03 
1.49E-03 
2.24E-05 
6o49E-06 
1. 29E-07 
9.955-14 
7.53E-03

2.505-03 
2.30E-03 
2. 01E-03 
1.85E-03 
1. 69E-03 
6.625-04 
2.22E-04 
1. 63E-06 
4.53E-08 
4.49E-14 
0. 005+00

5.225-03 
9.82E-03 
9.135-03 
5.63E-03 
2.62E-03 
2.03E-02 
1. 75E-02 
3.10E-04 
9.81E-05 
2.12E-06 
1.25E-12 
7.06E-02

5.17E+00 
1.05E+01 
1.07E+01 
7. 05E+00 
3.40E+00 
2.88E+01 
2.535+01 
4.00E-01 
1.56E-01 
5.97E-03 
1. 059-08 
9.14E+01

000 

"0 

M(w

***PROGENY INGROWTH ON *** 

------------ CONTROL ROOM------------
EDE EDE RATE SKIN-DE THY-CDE 
DOSE DOSE RATE DOSE DOSE 
mrem mrem/h mrem mrem 

2.26E-09 4.98E-07 0.OOE+00 

1.75E-07 2.31E-05 O.OOE+00 

2.98E-06 1.12E-04 0.OOE+00 

1.24E-04 7.83E-04 0.OOE+00 

1.61E-04 5.22E-03 0.00E+00 

5.74E-04 6.02E-03 7.07E+01 

1.71E-03 1.01E-02 2.02E-01 

1.45E-03 2.68E-02 1.85E+01 

1.04E-03 6.83E-03 1.77E-02 

2.46E-03 1.48E-02 2.01E+00

& -

m ;a 

"0-.  
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TRAILSPC Input File For ITP Case 

11 ',11,1.OE-3,3.47E-4,1.OE-5,3.47E-4.1.0,1.OE-3,3.47E-4.1,24.0.2 
'ITP - for CR, EAB & LPZ dose (SA Case 2) [sa2lTP.in] (4/00)' 
ICI Vnot used',0.0,0.0,0.0,0.0 
'C2 ','intact S/G',8.794E-8,0.0,0.0,0.0 
1CR ',1.73E5,10.,10.,0.0,0.941,0.0 
PRD',24-0.0 
'PRDI,24*0.0 
'1NI',1.0,- ',24*0.0 
'INI',I.O,'uCi',14*0.0,1.4OE9,5.54E8,2.IOE9,3,.IOE8,1.21E9,5*0.0 
'INI',I.O,' ',24-0.0 
'TIM',1800.,3600.,5400..6600.,7200.,14400.,28800.,30600.,86400.,3.456ES,2.592E6 
'XPR,11*0.0 
'XPR',11*0.0 
XPR!,50.0,2*1.0,31.0,3*104.,2800.,3*50.  
'XRM', I 1 *0.0 
XRW,2*1.0,5*0.01,4*0.0 
'XRM',50.0,2*1.0,31.0,3*104.,2800.,3*50.  
XRP, I 1 *0.0 

'XRFI, I 1 *0.0 
-XRF`,4*0.0,3*1.0,4*0.0 
'XOQEB',5*1.04,6*0.0 
'XBREBI,5*1.0,6*0.0 
X0Ql-Z,7*6.04,2*4.33,2.10,0.744 
'XBRLZ,11*1.0 1X0Q1.7*2.43,2*1.22,0.890,0.626 
-XBF;V,11*1.0 
10CC1,9*1.0,0.6,0.4



TRAILS -PC -- Transport of Radioactive Material in Linear Systems, V1.Oa 
ITP - for CR, EAB A LPZ dose (SA Case 2) [s&21TP.in] (4/00)

COMP: not used COMP: intact BIG

***PROGENY INGROWNT ON ** 

COMPF: Control Room 
VOLUME: 1.730E+05 Cu.Ft.

INITIAL: 

ACT HULT (to uCi):

0.OOOE+00 1-131 1.400E+09 1-131 uCi O.000E400 1-131 
O.OOOE+00 1-132 5.540E+OS 1-132 0.OOOE+00 1-132 
0.OOOE+00 1-133 2.100E+09 1-133 0.OOOE+00 1-133 

0.OOOE+00 1-134 3.100E+08 1-134 0.OOOE+OO 1-134 

0.OOOE+00 1-135 1.210E+09 1-135 0.OOOE+00 1-135 
1.000E+00 1.0OOE+00 1.000E+00 
-------------------------------------------------------------------------
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TRAILS PC -- Transport of Radioactive Material In Linear Systems, vl.Oa 
ITP - for CR, EAB A LPZ dose (SA Case 2) (sa2ITP.in) (4/00)

REMOVAL: 
NUC Grp 1 REL FR: 
NUC Grp 2 REL FR: 
NUC Grp 3 REL FR: 

MULTIPLIERS- > 
STEP TIME 

1 1.800E+03 
2 3.600E+03 
3 5.400E+03 
4 6.600E+03 
5 7.200E+03 
6 1.440E+04 
7 2.880E+04 
8 3.060E+04 
9 8.640E+04 

10 3.456E+05 
11 2.592E+06 

MULTIPLIERS- > 
STEP TIME,a 

1 1.800E+03 
2 3.6001+03 
3 5.4001+03 
4 6.600E+03 
5 7.200E+03 
6 1.440E+04 
7 2.880E+04 
8 3.060E+04 
9 8.640E+04 

10 3.456E+05 
11 2.592E+06

***PROGENfY INGROWTH ON ***

0.OOOE+00 1/sec 0.794E-08 1/sec 1.0001+01 cfm 
0.000E+00 0.000E+00 INTAKE REDUCT: 0.000E+00 
0.0004+00 0.000E+00 INTAKE REDUCT: 9.410E-01 
0.000÷+00 O.000E+00 INTAKE REDUCT: OO000E+00

XPR 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XREM 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XRF 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 .00 
0.00 
0.00 
0.00 
0.00

--------CONTROL ROOM-------
X/Q Breathing Occupancy 
s/M3 M3/x 

1.000E-03 3.4701-04 1.000E+00

2.43 
2.43 
2.43 
2.43 
2.43 
2.43 
2.43 
1.22 
1.22 

0.890 
0.626

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1 . 00 
1.00 
1.00 
1.00

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

0.600 
0.400

XPR 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XREM 
1.00 
1.00 

1.000E-02 
1. 000E-02 
1. 000E-02 
1.000E-02 
1. 000E-02 
0.00 
0.00 
0.00 
0.00

XRF 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

--- EXCLUSION AREA BOUNDARY --
X/Q Breathing 
a/M3 M3/s 

1.000E-03 3.470E-04

1.04 
1.04 
1.04 
1.04 
1.04 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

1.00 
1.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XPR 
50.0 
1.00 
1.00 
31.0 
104.  
104.  
104.  

2. 800E+03 
50.0 
50.0 
50.0

XREM 
50.0 
1.00 
1.00 
31.0 
104.  
104.  
104.  

2. 8001+03 
50.0 
50.0 
50.0

XRF 
0.00 
0.00 
0.00 
0.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0.00

--- LOW POPULATION ZONE --
X/Q Breathing 
x/M3 M3/s 

1.000E-05 3.470E-04

6.04 
6.04 
6.04 
6.04 
6.04 
6.04 
6.04 
4.33 
4.33 
2.10 

0.744

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00

0
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TRAILS PC -- Transport of Radioactive Material In Linear Systems, vl.Oa 

ITP - for CR, EAB A LPZ dose (SA Case 2) (sa2ITP.in) (4/00) ***PROGENY INGROWTH ON ***

STEP TIME 
Xe-131m INITIAL 
Xe-131m TOTALS 

Xe-133m INITIAL 
Xe-133m TOTALS 

Xe-133 INITIAL 
Xe-133 TOTALS 

Xe-135m INITIAL 
Xe-135m TOTALS 

Xe-135 INITIAL 
Xe-135 TOTALS 

1-131 INITIAL 
1-131 TOTALS 

1-132 INITIAL 
1-132 TOTALS 

1-133 INITIAL 
1-133 TOTALS 

1-134 INITIAL 
1-134 TOTALS 

1-135 INITIAL 
1-135 TOTALS

not used 
CURRENT INTEGRD 

uCi uCi-aec 
0.OOOE+00 

O.OOOE+00 

0.OOOE+00 
0. OOOE+00 

0.0.00E+00 
0.OOOE+00 

0.OOOE+00 
.0OOOE+00 

O.OOOE+00 
O0.OOOE+00 

0.000E+00 
O.OOOE+00 

0.OOOE+00 
O.OOOE+00 

O.OOOE+00 
0.OOOE+00 

0.OOOE+00 
O.OOOE+00 

0.OOOE+00 
0.OOOE+00

intact S/G 
CURRENT INTEGRD 

uCi uCi-sec 
0.OOOE+00 

9.498E+12 

0.OOOE+00 
6.531E+12 

0.OOOE+00 
2.215E+14 

0.OOOE+00 
6.852E+12 

O.OOOE+00 
4.153E+13 

1.400E+09 
1.297E+15 

5.540E+08 
6.616E+12 

2.100E+09 
2.268E+14 

3.100E+08 
1.411E+12 

1.210E+09 
4.153E+13

AVERAGE 
RELEASED RELEASE 
uCi uCi/sec 

9.530E+00 

1.945E+02 

2.766E+03 

4.267E+04 

1.829E+04 

4.729E+05 

1.552E+05 

6.939E+05 

6.838E+04 

3.807E+05

----------.CONTROL ROOM----------
CURRENT CURRENT INTEGRD 
uCi uCi/cc uCi-sec 

O.000E+00 
1.534E+02 

0.00OE+00 
3.010E+03 

0.O00E+00 
4.320E+04 

O.OOOE+00 
1.917E+05 

0.OOOE+00 
2.573E+05 

O.OOOE+00 
1.771E+06 

O.000E+00 
3.525E+05 

O.OOOE+O0 
2.450E+06 

O.OOOE+00 
9.307E+04 

* 0.OOE0000 
1. 177E+06
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TRAILS PC -- Transport of Radioactive Material in Linear Systems, vl.0a 
ITP - for CR, EAB & LPZ dose (SA Case 2) (na21TP.1nI (4/00)

- EXCLUSION AREA BOUNDARY 
EDE SKIN-DE THY-CDE 
DOSE DOSE DOSE 
mrem mrem urem

Xe-131m 
TOTALS 8.553-09 

Xe-133m 
TOTALS 6.28E-07 

Xe-133 
TOTALS 1.05E-05 

Xe-135m 
TOTALS 2.85E-03 

Xe-135 
TOTALS 5.37E-04 

1-131 
TOTALS 2.81E-02 

1-132 
TOTALS 5.99E-02 

1-133 
TOTALS 6.67E-02 

1-134 
TOTALS 3.09E-02 

1-135 
TOTALS 1.01E-01 

ALL NUCLIDES 
0.5000 h 1.50E-01 
1.0000 h 1.37E-01 
1.5000 h 1.27E-03 
1.8333 h 7.97E-04 
2.0000 h 3.85E-04 
4.0000 h O.OOE+00 
9.0000 h O.00E+00 
8.5000 h O.OOE+00 

24.0000 h O.004E00 
96.0000 h O.OOE+00 

720.0000 h O.00E+00 
TOTALS 2.90E-01

9.48E-08 

4.18E-06 

1. 98E-05 

9.07E-04 

8.75E-04 

1.48E-02 

1.77E-02 

6.20E-02 

1. 02E-02 

3.05E-02 

6.99E-02 
6.59E-02 
6.27E-04 
4.02E-04 
1. 97E-04 
0.00E+00 
O.OOE+00 
0. OOE+00 
0.OOE+00 
0. OOE+00 
0.OOE+00 
1. 37E-01

7 

5 

9 

1 

4 

1 

3 

4 

1 

6

0.OOE+00 

0.OOE+00 

0.00E+00 

0.00E+00 

0. OOE+00 

1.74E+02 

3.54E-01 

4.29E+01 

2.63E-02 

4.14E+00 

1.10E+02 
1. 09E+02 
1.09E+00 
7.21E-01 
3.60E-01 
0.OOE+00 
0.OOE+00 
O.OOE+00 
0.OOE+00 
0.OOE+00 
O.OOE+00 
2.22E+02

•g

8.72E-03 
7.98E-03 
7.37E-05 
4.63E-05 
2.24E-05 
2.38E-04 
3.68E-04 
0.003E+00 O.OOE+O0 
0. OOE+00 

0.OOE+00 

1.74E-02

4. 05E-03 
3.83E-03 
3.64E-05 
2.34E-05 
1. 14E-05 
1. 28E-04 
2.19E-04 
0.00E+00 
0.OOE+00 
0.00E+00 
O.OOE+00 
8. 30E-03

6.39E+00 
6.35E+00 
6.31E-02 
4.19E-02 
2.09E-02 
2.48E-01 
4. 80E-01 
0.OOE+00 
O.OOE+00 
0.OOE+00 
0. OOE+00 
1. 36E+01

-- LON POPULATION ZONE --
EDE SKIN-DE THY-CDE 
DOSE DOSE DOSE 
urea ures urem 

.82E-10 8.67E-09 0.OOE+00 

.SSE-08 3.69E-07 O.OOE+00 

.33E-07 1.76E-06 0.00E+00 

.75E-04 5.58E-05 O.00E+00 

.39E-05 7.15E-05 O.OOE+00 

.73E-03 9.12E-04 1.073+01 

.54E-03 1.05E-03 2.09E-02 

.08E-03 3.78E-03 2.62E+00 

.80E-03 5.92E-04 1.53E-03 

.08E-03 1.84E-03 2.50E-01

7.21E-04 
1. 36E-03 
1. 26E-03 
7.79E-04 
3.60E-04 
2.69E-03 
1.57E-03 
1. 58E-05 
5.05E-06 
1.21E-07 
1. 13E-13 
8.76E-03

2.80E-03 
2.63E-03 
2.43E-03 
2.25E-03 
2.07E-03 
8.22E-04 
1. 55E-04 
1. 17E-06 
4. 06E-08 
5.08E-14 
0.OOE+00

6.74E-03 
1.29E-02 
1.24E-02 
7.83E-03 
3.66E-03 
2.86E-02 
1. 86E-02 
2. 05E-04 
6.99E-05 
1. 80E-06 
1.36E-12 
9.10E-02

1. 08E+01 
2.14E+01 
2.15E+01 
1. 4 0E+01 
6.68E+00 
5.50E+01 
3.94E+01 
4.54E-01 
1.78E-01 
6.90E-03 
1.23E-08 
1.69E+02

C -

***PROGENY INGROWNTH ON *** 

--CONTROL ROOM 
EDE EDE RATE SKIN-DE THY-CDE 
DOSE DOSE RATE DOSE DOSE 
mrem mrem/h arem mrem 

2.14E-09 4.71E-07 O.OOE+00 

1.46E-07 1.93E-05 O.OOE+00 

2.47E-06 9.31E-05 0.OOE+00 

1.34E-04 8.47E-04 0.OOE+00 

1.05E-04 3.40E-03 O.00E+00 

1.10E-03 1.15E-02 1.35E+02 

1.37E-03 8.04E-03 1.61E-01 

2.44E-03 4.51E-02 3.12E+01 

4.16E-04 2.72E-03 7.05E-03 

3.19E-03 1.92E-02 2.61E+00
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TRAILSPC Input File For FRC Case 

11 1,10,1.OE-3,3.47E-4,1.OE-5,3.47E-4,1.0,1.OE-3,3.47E-4,1,24,0,2 
'FRC - for CR, EAB & LPZ dose (SA Case 2) [sa2FRC55.in] (4/00)' 
ICI I 'not used ',0.0,0.0,0.0,0.0 
'C2 %'Affected S/G 1,2.478E-6,0.0,0.0,0.0 
1CR 1,1.73E5,10.,10.,0.0,0.941,0.0 
'PRD',24*0.0 
'PRD',14*0.0,6.59ES,6.4lE5,l.l3E6,7.lIE5,8.52E5,5*0.0 
'INI'.1.0,- 1,24*0.0 
'INI',I.O,'uCi',3.28E6,1.ISE7,1.2OE9,7.69E6,2.ISE7,6.24E5,0.0,3.9OE7, 
3.26E7,2.42E9,7.47E6,8.03E7,1.54E6,5.27E6,2.23E7,8.81 E6,3.35E7.4.93E61 
1.93E7,5*0.0 
'INI',I.O,' ',24*0.0 
TIM', I BOO.,5400..6600.,7200.,14400.,28800.,30600.,86400.,3.456ES,2.592E6 
'XPFV,10*0.0 
XPFr,5*1.0,.002,4*0.0 
'XPR,50.0,1.0,31.0,3*104..2800.,3*50.  
'XRW,10*0.0 
XRW,6*1.0,4*0.0 
'XRM',50.0,1.0,31.0,3*104..2800.,3*50.  
'XRFI,10*0.0 
'XRFI,10*0.0 
XRP,3*0.0,3*1.0,4*0.0 
'X0QEl3',4*1.04,6*0.0 
'XBREBI,4*1.0,6*0.0 
XOQLZ,6*6.04,2*4.33,2.10,0.744 
'XBRLZ,10-1.0 

lxool,6-2.43,2*1.22.0.890,0.6z'u' 
'XBR',10*1.0 
OCC',8*1.0,0.6,0.4

RTL: n1a Fom: RE 1. 103-3 9192



TRAILS -PC -- Transport of Radioactive Material in Linear systems, Vl.Oa 
FRC - for CR, EAB A LPZ dose ISA Case 2) (aa2FRC55.inj (4/00)

CONEP: not used

INITIAL: 0.000E+0O Kr-83m 
0.OOOE+00 Kr-85m 
O.OOOE400 Kr-85 
0-000E+00 Kr-87 
0.OOOE+00 Kr-OS 
0.OOOE.00 Kr-89 
0.OOOE+00 Xe-131m 
0.OOOE+00 Xe-133m 
O.000E+00 Xe-133 
0.OOOE+00 Xe-135m 
0.OOOE+00 Xe-135 
0.OOOE+00 Xe-137 
0.OOOE+00 Xe-130 
O.OOOE*00 1-131
0.O0O0E+00 1-132 
O.OOOE+00 1-133 
0.000E+00 1-134 
0.OOOE+00 1-135 

ACT HMlL? Ito uCi): 1.OOOE+00

COME': Affected SIG

3.280E+06 Kr-83m 
1.150E+07 Kr-85m 
1.200E+09 Kr-85 
7.690E+06 Kr-87 
2.150E+07 Kr-SO 
6.240E+05 Kr-89 
3.900E+07 Xe-131m 
3.260E+07 Xe-133m 
2.420E+09 Xe-133 
7.470E+06 Xe-135m 
8.030E+07 Xe-135 
1.540E+06 Xe-137 
5.270E+06 Xe-138 
2.230E+07 1-131 
8.810E+06 1-132 
3.350E+07 1-133 
4.930E+06 1-134 
1.930E+07 1-135 
1.000OE+00

***PROM4Y INGROWNT ON ** 

COMP: Control Room 
VOLUME: 1.730E+05 Cu.Ft.

uCi O.000E+00 Kr-83m 
0.OOOE+0O Kr-85m 
0.OOOE+00 Kr-OS 
0.OOOE+00 Kr-87 
0.OOOE+00 Kr-OS 
0.0OOE+00 Kr-89 
0.OOOE+00 Xe-131m 
0.OOOE+00 Xe-133m 
0.OOOE+00 Xe-133 
0.OOOE+00 Xe-135m 
0.OOOE+00 Xe-135 
0.OOOE+00 Xe-137 
0.OOOE+00 Xe-138 
0.OOOE+00 1-131 
0.OOOE+00 1-132 
0.OOOE+00 1-133 
0.0002+00 1-134 
0.OOOE+00 1-135 
1.000E+00

PRODUCTION, uCi/u: 0.OOOE+00 1-131 
0.OOOE+00 1-132 
0.OOOE.00 1-133 
0-OOOE+00 1-134 
0.OOOE+00 1-135

6.590E+05 1-131 
6.410E+05 1-132 
1.130E+06 1-133 
7.110E+05 1-134 
8.520E+05 1-135

INTAKE: 1.OOOE+01 CEM
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TRAILS PC -- Transport of Radioactive Material in Linear Systems, vl.Oa 
FRC - for CR, FAB & LPZ dose (SA Case 2) Isa2FRC55.in] (4/00) ***PROGENY INGROWTH ON ***

REMOVAL: 
NUC Grp 1 REL FR: 
NUC Grp 2 REL FR: 
NUC Grp 3 REL FR: 

MULTIPLIERS- > 
STEP TIME 

1 1.800E+03 
2 5.400E+03 
3 6.600E+03 
4 7.200E+03 
5 1.440E+04 
6 2.880E+04 
7 3.060V+04 
8 8.640E+04 
9 3.456E+05 

10 2.592E+06 

MULTIPLIERS--> 
STEP TIMEs 

1 1.800E+03 
2 5.400E+03 
3 6.600E+03 
4 7.200E+03 
5 1.440E+04 
6 2.880E÷04 
7 3.060E+04 
8 8.640E+04 
9 3.4561+05 

10 2.592E+06

O.OOOE+00 1/sec 2:478E-06 1/sec 1.000E+01 cfm 
0.0001+00 0.0001+00 INTAKE REDUCT: 0.0001+00 
0.OOOE+00 0.0001+00 INTAKE REDUCT: 9.410E-01 
0.0001+00 0.0001+00 INTAKE RED[CT: O.000E+00

XPR 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

X/Q 

1. 0001-03 

2.43 
2.43 
2.43 
2.43 
2.43 
2.43 

1.22 
1.22 

0.890 
0.626

XREM 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00.

XRF 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 .00 
0.00 
0.00 
0.00

ONTROL ROOM-------
Breathing Occupancy 

M3/s 
3.470E-04 1.000E+00

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

0.600 
0.400

XPR 
1.00 
1.00 
1.00 
1.00 
1.00 

2. 000-03 
0.00 
0.00 
0.00 
0.00

XREM 
1.00 
1.00 
1.00 
1. 00 
1.00 
1.00 
0.00 
0.00 
0.00 
0.00

--- EXCLUSIONI 
X/Q 
s/M3 

1.000E-03

1.04 
1.04 
1.04 
1.04 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XRF 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

WRER BOUNDARY --
Breathing 

M3/s 
3.470E-04

1.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XPR 
50.0 
1.00 
31.0 
104.  
104.  
104.  

2. 800E+03 
50.0 
50.0 
50.0

XREM 
50.0 
1.00 
31.0 
104.  
104.  
104.  

2.8001+03 
50.0 
50.0 
50.0

XRF 
0.00 
0.00 
0.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0.00

--- LOW POPULATION ZONE --
X/Q Breathing 
a/M3 M3/s 

1.000E-05 3.470E-04

6.04 
6.04 
6.04 
6.04 
6.04 
6.04 
4.33 
4.33 
2.10 

0.744

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00
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TRAILS PC -- Transport of Radioactive Material in Linear Systems, vl.0a 
FRC - for CR, EME A LPZ dose (SA Case 2) (sa2FRC55.inJ (4/00)

STEP TIME 
Kr-83m INITIAL 
Kr-83m TOTALS 

Kr-85m INITIAL 
Kr-85m TOTALS 

Kr-85 INITIAL 
Kr-85 TOTALS 

Kr-87 INITIAL 
Kr-87 TOTALS 

Kr-88 INITIAL 
Kr-88 TOTALS 

Kr-89 INITIAL 
Kr-89 TOTALS 

Xe-131m INITIAL 
Xe-131m TOTALS 

Xe-133m INITIAL 
Xe-133m TOTALS 

Xe-133 INITIAL 
Xe-133 TOTALS 

Xe-135m INITIAL 
Xe-135m TOTALS 

Xe-135 INITIAL 
Xe-135 TOTALS 

*e-137 INITIAL 
Xe-137 TOTALS 

Xe-138 INITIAL 
Xe-138 TOTALS 

1-131 INITIAL 
1-131 TOTALS

not used 
CURRENT 

uCi 
O.OOOE+00 

0.OOOE+00 

O.000E+00 

O.OOOE+O0 

O.OOOE+00 

O.OOOE+00 

O.OOOE+00 

0.O00E+00 

0.OOOE+00 

0.OOOE+00 

0.OOOE+00 

0.OOOE+00 

0.OOOE+00 

0.OOOE+00

INTEGRD 
uCi-sec 

0. OOOE+00 

0. OOOE+00 

0.000E+00 

0. OOOE+00 

0.0008+00 

0. OOOE+00 

0. OOOE00 

0 OOOE+00 

0. OOOE+00 

0. OOOE+00 

0. OOOE+00 

0. OOOE+00 

0.O00E+00 

0. 0004E00

Affected SIG 
CURRENT INTEGRD 
uCi uCi-sec 

3.280E+06

1.150E+07 

1.200E+09 

7.690E+06 

2.150E+07 

6.240E+05 

3.900E+07 

3.260E+07 

2.420E+09 

7.470E+06 

S. 030E+07 

1.540E+06 

5.270E+06 

2.230E+07

***PROGENY INGROWTH ON *** 

AVERAGE ---------- CONTROL ROOM
RELEASED RELEASE 
bCi uCi/sec

3.049E+10 7.208E+04

2.569E+11 

2,890E+15 

4.999E+10 

3.074E+11 

1.706E+08 

1.055E+14 

5.650E+13 

3.090E+15 

6.690E+13 

4.052E+14 

5.101E+08 

6.426E+09 

8.373E+15

4.576E+05 

8.265E+07 

1.224E+05 

6. 580E+05 

4.227E+02 

2.701E+06 

3.034E+06 

1.761E+08 

7.427E+07 

1.059E+00 

1.264E+03 

1. 592E+04 

4.905E+09

CURRENT CURRENT INTEGRD 
uCi uCi/oc uCi-sec 

0. 000E+00

0. OOOE+00 

0. OOOE+00 

0. OOOE+00 

0.OOOE+00 

0. 000E+00 

0. 000E+00 

0. OOOE+00 

0. 000E+00 

0. OOOE+00 

0.OOOE+00 

0. 000E+00 

0.000E+00 

0.000E+00

2.316E+05 

2.206E+06 

5.233E+05 

2.951E+05 

2.697E+06 

6.547E+01 

1.704E+07 

1. 914E+07 

1. 109E+09 

1.248E+08 

6.586E+08 

2.362E+02 

8.548E+03 

2.531E+08
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TRAILS PC -- Transport of Radioactive Material in Linear Systems, vl.Oa 
FRC - for CR, EAB A LPZ dose (SA Case 2) (sa2FRC55.inj (4/00) 

not used Affected S/G 
CURRENT INTEGRD CURRENT INTEGRD REL 

STEP TIME uCi uCi-sec uCi uCi-sec uCi 
1-132 INITIAL O.OOOE+O0 8.810E+06 
1-132 TOTALS 0.OOOE+00 1.079E+14 2.2• 

1-133 INITIAL O.OOOE+O0 3.350E+07 
1-133 TOTALS 0.OOOE+00 1.682E+15 7.61 

1-134 INITIAL O.OOOE+0O 4.930E+06 
1-134 TOTALS 0.OOOE+00 4.622E+13 1.1: 

1-135 INITIAL 0.OOOE+O0 1.930E+07 
1-135 TOTALS 0.OOOE+00 4.065E+14 4.7:

AVERAGE 
EASED RELEP 

uCi/sec 

19E+08 

87E+08 

30E+00 

30E+08

***PROGENY INGROWTH ON *** 

-CONTROL ROOM ----------
,SE CURRENT CURRENT INTEGRD 

uCi uCi/cc uCi-sec 
0.OOOE+00 

8.881E+07 

O.OOOE+00 
3.856E+08 

0.OOOE+00 
3.242E+07 

0.000E+00 
2.224E+08
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TRAILSPC -- Transport of Radioactive Material in Linear Systems, vl.Oa 
FRC - for CR, EAB & LPZ dose (SA Case 2) [sa2FRC55.inj (4/001

- EXCLUSION AREA BOUNDARY 
EDE SKIN-DE THY-4
DOSE DOSE DOSE

CDE

mrem msre mrem
Kr-83m 
TOTALS 

Kr-S5m 
TOTALS 

Kr-S5 
TOTALS 

Kr-87 
TOTALS 

Kr-88 
TOTALS 

Kr-89 
TOTALS 

Xe-131m 
TOTALS 

Xe-133m 
TOTALS 

Xe-133 
TOTALS 

Xe-135m 
TOTALS 

Xe-135 
TOTALS 

Xe-137 
TOTALS 

Xe-138 
TOTALS 

1-131 
TOTALS

0. OOE+00 

9.30E-03 

1.10E÷o0 

2.90E-02 

2.47E-02 

1.54E-04 

1.OSE-02 

1.92E-02 

4.70E-01 

1.34E-01 

2. 4 9E-01 

6.03E-04 

2.44E-03

2.67E+00 1.41E+00

6.29E-07 

4.71E-03 

7. e5E-03 

1.22E-02 

1.12E-01 

1.42E-04 

9.73E-04 

2. 88E-03 

2.49E-01 

4.22E-01 

1.53E-01 

3. 98E-05 

3.28E-03

6.  

7.  

1.  

1.  

1.  

S.  

2.  

8.  

5.

- LOW POPULATION ZONE --
EDE SKIN-DE THY-CDE 
DOSE DOSE 'DOSE 
mrem mrem mrem 

47E-08 O.OOE+O00 O.OOE+00 

16E-04 1.41E-03 0.00E+00 

.78E-03 2.48E-01 0.OOE+00 

.OSE-03 2.48E-03 O.OOE+O0 

42E-02 3.14E-03 O.OOE+00 

*23E-06 8.94E-06 O.OOE+O0 

22E-04 2.46E-03 0.OOE+00 

65E-04 5.75E-03 O.OOE+O0 

94E-02 1.12E-01 0.OOE+00

O.OOE+00 

O.OOE+00 

0. OOE+00 

O.OOE÷00 

0. OOE+00 

O.OOE+00 

0.OOE+00 

0. OOE+00 

O.00E+00 

0.OOE+00 

0. OE+00 

0. OOE+00 

0. OOE+00 

1.65E+04

9.71E-02 

4.14E-01 

3.50E-05 

1.42E-04

0.OOE+00 

0. OOE+00 

0. OOE+00 

0. OOE+0O

1.79E+O0 9.47E-01 1.11E+04

***PROGENY INGROWTH ON *** 

------------ CONTROL ROOM------------
EDE EDE RATE SKIN-DE THY-CDE 
DOSE DOSE RATE DOSE DOSE 
mrem mrem/h mrem mrem 

3.53E-08 0.OOE+00 0.OOE+00 

5.86E-04 2.30E-02 O.OOE+00 

1.91E-03 5.31E+00 O.OOE+0O 

4.29E-04 2.02E-02 O.OOE+00 

9.91F-03 4.34E-02 O.OOE+00 

2.16E-07 4.68E-06 O.OOE+00 

2.37E-04 5.24E-02 0.OOE+00 

9.27E-04 1.23E-01 O.OOE+00 

6.35E-02 2.39E+00 O.OOE+00

8.71E-02 

2.60E-01 

7.34E-08 

1.74E-05 

1.57E-01

5.51E-01 0.OOE+00 

8.70E+00 0.OOE+00 

2.21E-05 O.OOE+00 

2.58E-04 O.OOE+O0 

1.65E+00 1.94E+04

3.05E-01 

2.54E-01 

2.31E-06 

1.91E-04
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TRAILSPC -- Transport of Radioactive Material in Linear Systems, vl.0a 
FRC - for CR, EAB & LPZ dose ($A Case 2) [sa2FRC55.in] (4/00)

- EXCLUSION AREA BOUN DARY -

1-132 
TOTALS 

1-133 
TOTALS 

1-134 
TOTALS 

1-135 
TOTALS

ALL NUCLIDES 
0.5000 h 
1.5000 h 
1.8333 h 
2.0000 h 
4.0000 h 
8.0000 h 
0.5000 h 

24.0000 h 
96.0000 h 

720.0000 h 
TOTALS

EDE 
DOSE 
mrem

SKIN-DE 
DOSE 
mrem

THY-CDE 
DOSE 
mrem

1.33E+01 3.94E+00 7.89E+01 

7.19E+00 6.68E+00 4.62E+03 

*1.30E+01 4.27E+00 1.11E+01 

1.41E+01 4.25E+00 5.77E+02

3.85E+00 
2.64E+01 
1.35E+01 
7.49E+00 
0. OOE+00 
0. OOE+00 
0. OOE+00 
0.OOE+00 
0. OOE+00 
0. OOE+00 
5.12E+01

1.93E+00 
1.16E+01 
5. BSE+00 
3.26E+00 
0. OOE+00 
0. OOE+00 
0.OOE+00 
0. OOE00 
0. OOE+00 
0. OOE+00 
2.26E+01

1.42E+03 
1.09E+04 
6.01E+03 
3.44E+03 
0.OOE+00 
0.OOE+00 
0. OOE+00 
0.OOE+00 
0.OOE+00 
0. OOE+00 
2.18E+04

--- LOW POPULATION
SKIN-DE 

DOSE 
mrem

EDE 
DOSE 
mrem

ZONE --
THY-CDE 

"DOSE 
mRem

5.06E+00 1.50E+00 3,OOE+01 

4.51E+00 4.19E+00 2.90E+03 

2.98E+00 9.79E-01 2.54E+00 

7.56E+00 2.29E+00 3.10E+02

2.24E-01 
1.53E+00 
7.82E-01 
4.35E-01 
7.18E+00 
1.24E+01 
0. OOE+00 
0.00E+00 
0. OOE+00 
0.00+00 
2.25E+01

1.12E-01 
6.71E-01 
3.40E-01 
1.90E-01 
3.19E+00 
6.28E+00 
0. OOE+00 
0.OOE+00 
0. OOE+00 
0. OOE+00 
1.08E+01

8.22E+01 
6.35E+02 
3.49E+02 
2. OOE+02 
3.70E+03 
9.38E+03 
0. OOE+00 
0. OOE+00 
0.OOE+00 
0. OOE+00 
1.43E+04

***PROGENY INGROWTH ON ***

-------CONTROL ROOM -------------
EDE 
DOSE 
mrem

3.44E-01 

3. 85E-01 

1.45E-01 

6. 03E-01 

1.81E-02 
6.52E-02 
4.66E-02 
3.59E-02 
5.17E-01 
1.34E+00 
3.67E-02 
1.04E-02 
2.039-04 
1.62E-10 
2.07E+00

EDE RATE 
DOSE RATE 

mrem/h

SKIN-DE 
DOSE 
3re3

THY-CDE 
DOSE 
mrem

2.02E+00 4.05E+01 

7.10E+00 4.92E+03 

9.49E-01 2.46E+00 

3.63E+00 4.93E+02

6. 95E-02 
6.20E-02 
2.15E-01 
2.16E-01 
2.90E-01 
3.65E-01 
2.64E-03 
7.IOE-05 
7.31E-11 
0. OOE+00

1.84E-01 
7.OOE-01 
4.58E-01 
3. 50E-01 
6. 55E+00 
2.34E+01 
6. 99E-01 
2.30E-01 
6. 06E-03 
8.13E-09 
3.26E+01

1.39E+02 
5.87E+02 
4.53E+02 
3.50E+02 
S. 50E+03 
1.71E+04 
5.01E+02 
1.95E+02 
7.44E+00 
1.30E-05 
2.48E+04

wow 
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RTL- n/a For= RE 1.103-3 9192

BEAVER VALLEY 
POWER STATION ERS-SFL-96-008 Page 67 

Health Physics Department Revision 6 Attachment 4 

TRAILSPC Input File For FRP Case 

'Ll 8,10,1.OE-3,3.47E-4,1.OE-5,3.47E-4,1.0,1.OE-3,3.47E-4,1,24,0,2 
'FRP - for CR, EAB & I-PZ Dose (SA Case 2) ISA2FRP55.in] (4100)' 
Ical 7not used ',0.0,0.0,0.0,0.0 
'C2 %Affected S/G',2.365E-6,0.0,0.0,0.0 
'CR 1,1.73E5,10.,10..0.0,0.941,0.0 
'PRD',24*0.0 
'PRD',24*0.0, 
'INI',1.0,",24*0.0 
'INI',1.0,'uCi', 3.44E6,1.2OE7,1.26E9,8.06E6,2.25E7,6.54E5,0.0,4.O9E7, 
3.42E7,2.53E9,7.82E6,8.42E7,1.6,lE6,5.53E6,1.40ES,6.54E8,2.IOE9,3.IOE8, 
1.21 E9,5*0.0 
'INI',I.O,' ',24*0.0 
TIM', I SOO.,5400.,6600.,7200.,14400.,28800.,30600.,86400.,3.456ES,2.592E6 
'XPR!,10*0.O 
'XPR',10*0.0 
XPi:V,50.0,1.0,31.0,3*104.,2800.,3*50.  IXFWI, 10*0.0 , 
'XRM',6-1.0,4*0.0 
XRM',50.0,1.0,31.0,3*104.,2800.,3*50.  
'XRF,10*0.0 
'XRFI,10*0.0 
-XRP,3*0.0,3*1.0,4*0.0 
'X0QEI3',4*1.04,6*0.0 
'XBREBf,4*1.0,6*0.0 
XOQLZ,6-6.04,2*4.33,2.10.0.744 
'XBRLZ,10*1.0 
1X0Q',6-2.43,2*1.22,0.890,0.626 
'XBFr,10*1.0 
10CC1,8*1.0,0.6,0.4



RTL: n/a Form: RE 1.103-3 9/92
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TRAILS PC -- Transport of Radioactive Material in Linear Systems, vl.0a 
FRP - for CR, EAB & LPZ Dome (SA Cane 2) (SA2FRP55.inj (4/00)

REMOVAL: 
NUC Grp 1 REL FR: 
NUC Grp 2 REL FR: 
NUC Grp 3 REL FR: 

MULTIPLIERS- > 
STEP TIME 

1 1.800E+03 
2 5.400E+03 
3 6.600E+03 
4 7.200E+03 
5 1.440E+04 
6 2.880E+04 
7 3.060E+04 
8 8.640E+04 
9 3.456E+05 

10 2.592E+06 

MULTIPLIERS-> 
STEP TIMEz 

1 1.800E+03 
2 5.400E+03 
3 6.600E÷03 
4 7.200E÷03 
5 1.440E+04 
6 2.880E+04 
7 3.060E+04 
8 8.640E+04 
9 3.456E÷05 

10 2.592E+06

***PROGENY INGROWTN ON ***

0.OOOE+00 I/see 2.365E-06 Vasec 1.000E+01 cfm 
0.OOOE+00 O.OOOE+00 INTAKE REDUCT? 0.OOOE+00 
O.OOOE+O0 O.OOOE+00 INTAKE REDUCT: 9.410E-01 
O.OOOE+00 O.OOOE+O0 INTAKE REDUCT: O.OOOE+00

XPR 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

X/Q 
n/M3 

1.OOOE-03 

2.43 
2.43 
2.43 
2.43 
2.43 
2.43 
1.22 
1.22 

0.890 
0.626

XREM 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XRF 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

ONTROL ROOM------
Breathing Occupancy 

M3/n 
3.470E-04 i.OOOE+00

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

0.600 
0.400

XPR 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XREM 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0.00

XRF 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XPR 
50.0 
1.00 
31.0 
104.  
104.  
104.  

2. 800E+03 
50.0 
50.0 
50.0

--- EXCLUSIO AREA BOUNDARY --
X/Q Breathing 
a/M3 M3/s 

1.000E-03 3.470E-04

1.04 
1.04 
1.04 
1.04 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

1.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

XREM 
50.0 
1.00 
31.0 
104.  
104.  
104.  

2. 800E÷03 
50.0 
50.0 
50.0

XRF 
0.00 
0.00 
0.00 
1.00 
1.00 
1.00 
0.00 
0.00 
0.00 
0.00

--- LON POPULATION ZONE --
X/Q Breathing 
m/M3 M3/s 

1.OOOE-05 3.470E-04

6.04 
6.04 
6.04 
6.04 
6.04 
6.04 
4.33 
4.33 
2.10 

0.744

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00

M a 
0Mn 

4XO 
0

m 
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TRAILS PC -- Transport of Radioactive Material in Linear Systems, vl.Oa 
FRP - for CR, EAB A LPZ Dose (SA Case 2) [SA2FRP55.in] (4/00)

STEP TIME 
Kr-83m INITIAL 
Kr-83m TOTALS 

Kr-85m INITIAL 
Kr-85m TOTALS 

Kr-85 INITIAL 
Kr-85 TOTALS 

Kr-87 INITIAL 
Kr-87 TOTALS 

Kr-88 INITIAL 
Kr-f8 TOTALS 

Kr-89 INITIAL 
Kr-89 TOTALS 

Xe-131m INITIAL 
Xs-131m TOTALS 

Xe-133m INITIAL 
Xe-133m TOTALS 

Xe-133 INITIAL 
Xe-133 TOTALS 

Xe-135m INITIAL 
Xe-135m TOTALS 

Xe-135 INITIAL 
Xe-135 TOTALS 

Ite-137 INITIAL 
Xe-137 TOTALS 

Xe-138 INITIAL 
Xe-138 TOTALS 

1-131 INITIAL 
1-131 TOTALS

not used 
CURRENT INTEORD 

uCi uCi-sec 
0.OOOE+00 

0.OOOE+00 

O.OOOE+O0 
0.OOOE+00 

O.OOOE+00 
0.OOOE+00 

O.OOOE+00 
O.000E÷00 

0.O00E+00 
O.000E+00 

O.OOOE+00 
O.O00E+00 

O.O00E+00 
O.OOOE+00 

O.OOOE+0O 
O.O00E+00 

O.O00E+00 
0.000E+00 

0.000E+00 
O.OOOE+00 

O.O00E+00 
0.000E+00 

O.O00E+O0 
0.000E+00 

'O.O00E+O0 

0.000E+00 

0.000E+00 
0.000E+00

Affected S/G 
CURRENT INTEGRD 

uCi uCi-sec 
3.440E+06

1.200E+07 

1.260E+09 

8. 060E+06 

2.250E+07 

6.540E+05 

4.090E+07 

3.420E+07 

2.530E+09 

7.820E+06 

8.420E+07 

1.610E+06 

5.530E+06 

1.400E+09

***PROGENY INGROWTH ON *** 

AVERAGE ----------- CONTROL ROOM-
RELEASED RELEASE 
`uCi uCi/sec

3.201E+10 7.221E+04

2.686E+11 

3.044E+15 

5.242E+10 

3.222E+11 

1.7889+08 

5.556E+13 

1.486E+13 

1.734E+15 

6.546E+12 

4.276E+13 

5.333E+08 

6.744E+09 

1.213E+15

4.563E+05 

8. 296E+07 

1.225E+05 

6.579E+05 

4.228E+02 

2.677E+06 

2.322E+06 

1.657E+08 

8.673E+06 

1.908E+07 

1.261E+03 

1.595E+04 

9.088E+07

CURRENT CURRENT INTEGRD 
uCi uCi/cc uCi-sec 

O.OOOE+00

0.O00E+00 

0. O00E+00 

O.O00E+00 

0. O00E+00 

0. 000E+00 

0. OOOE+00 

0. 0003+00 

O.O00E+O0 

0.O000+O00 

0. O00E+00 

0.OOOE+00 

0. 000E00 

0. 000E+00 

0. 000E+00

2.320E+05 

2.200E+06 

5.253E+08 

2.954E+05 

2.698E+06 

6.549E+01 

1.688E+07 

1. 452E+07 

1.041E+09 

1.702E+07 

1.211E+08 

2.357E+02 

8. 562E+03 

9.086E+07
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TRAILS PC -- Transport of Radioactive Material in Linear Systems, vl.0a 
FRP - for CR, EAB A LPZ Dose (SA Case 21 (SA2FRP55.in] (4/00) 

not used Affected 9/0 
CURRENT INTEGRD CURRENT INTEGRD RELI 

STEP TIME uCi uCL-sec uCL uCi-sec 'uCi 
1-132 INITIAL O.OOOE+00 6.540E+08 
1-132 TOTALS O.OOOE+00 6.451E+12 1.3! 

1-133 INITIAL O.OOE+÷00 2.100E+09 
1-133 TOTALS O.000E+00 2.137E+14 1.22 

1-134 INITIAL O.OOOE+00 3.100E+08 
1-134 TOTALS O.OOOE+O0 1.396E+12 3.2 

1-135 INITIAL 0.000E+00 1.210E+09 
1-135 TOTALS O.OOOE÷O0 3.968E+13 5.42

AVERAGE 
EASED RELEP 

uCi/sec 

95E÷07 

16E+08 

97E+06 

18E+07

***P•OGENY INGROWTH ON *** 

----------- CONTROL ROOM----------
bSE CURRENT CURRENT INTEGRD 

uCi uCi/cc uCi-sec 
0.OOOE+O0 

1.376E+07 

0.OOOE+00 
1.214E+08 

0.OOOE+0o 
2.942E+06 

O.OOOE+00 
5.404E+07
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TRAILS PC -- Transport of Radioactive Material in Linear Systems, vl.Oa 
FRP - for CR, EAB & LPZ Dose (SA Case 2) (SA2FRP55.in] (4/00)

- EXCLUSION AREA BOUNDARY 
EDE SKIN-DE THY-CDE

DOSE DOSE
arem Prea

DOSE 
mrem 

6.30E-07 

4.69E-03 

7.87E-03 

1 •22E-02 

1.12E-01 

1.42E-04 

9.74E-04 

2.86E-03 

2.48E-0i 

1.80E-01 

1.09E-01 

3.97E-05 

3.29E-03 

1.48E+00

Kr-83m 
TOTALS 

Kr-85m 
TOTALS 

Kr-85 
TOTALS 

Kr-87 
TOTALS 

Kr-88 
TOTALS 

Kr-89 
TOTALS 

Xe-131m 
TOTALS 

Xe-133a 
TOTALS 

Xe-133 
TOTALS 

Xe-135m 
TOTALS 

Xe-135 
TOTALS 

Xe-137 
TOTALS 

Xe-138 
TOTALS 

1-131 
TOTALS

0. OOE+00 

9.27E-03 

1.10E+00 

2.90E-02 

2.47E-02 

1.54E-04 

1.08E-02 

1.90E-02 

4.68E-01 

5.72E-02 

1.77E-01 

6. 01E-04 

2.44E-03 

7.83E-01

--- LOW POPULATION ZONE --
EDE SKIN-DE THY-CDE
DOSE DOSE DJOSE
arem arem mrea

6.48E-08 

7.14E-04 

1.78E-03 

1.05E-03 

1.42E-02 

S.23E-06 

2.20E-04 

6.62E-04 

5.59E-02 

3.57E-02 

4.58E-02 

2.31E-06 

1.91E-04 

3.32E-01

0. OOE+00 

1.41E-03 

2.4 9E-01 

2. 4 9E-03 

3.14E-03 

S. 94E-06 

2.43E-03 

4.40E-03 

1.06E-01 

1.13E-02 

7.46E-02 

3.49E-05 

1.42E-04 

1.75E-01

0OOE+00 

0. OOE+00 

0. OOE+O0 

0. OOE00 

0. OOE+00 

0. OOE+O0 

0. 0OE+O0 

0. 00E+00 

0. 00E+00 

0. 00E+00 

0.OOE+00 

0. OOE+00 

0.00£+00 

2.06E+03

***PROGENY INGROWTN ON** 

-------CONTROL ROOM ------
EDE EDE RATE SKIN-DE 
DOSE DOSE RATE DOSE 
arem mrem/h arem

3.S4E-0O 

5.84E-04 

1.92E-03 

4.29E-04 

9. 92E-03 

2.16E-07 

2.35E-04 

7.03E-04 

5. 96E-02 

1.19E-02 

4.93E-02 

7.32E-08 

1.74E-05 

5.64E-02

0. 0OE+00 

2.30E-02 

5.33E+00 

2.03E-02 

4.34E-02 

4.68E-06 

5.19E-02 

9.30E-02 

2.24E+00 

7.52E-02 

1.60E+00 

2.21E-05 

2.58E-04 

5. 92E-01

O.OOE+00 

0. OOE+00 

0. OOE+00 

0. OOE+00 

0.OOE00 

0. OOE+00 

0. OOE+00 

0. OOE+00 

0.OOE+00 

0.O0+00 

0.OOE+00 

0. OOE+00 

0.OOE+00 

9.18E+03

THY-CDE 
DOSE 
mrem 

0. OOE+00 

0. OOE+00 

0. OOE+00 

0. OOE+00 

0. 00E+00 

0. OOE+00 

0. 00E+00 

0. OOE+00 

0. OOE+00 

0. OOE+00 

0. OOE+00 

0.OOE+0O 

0. OOE+00 

6.95E+03
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TRAILSPC -- Transport of Radioactive Material in Linear Systems, vl.Oa 
FRP - for CR, EAB a LPZ Dose (SA Case 2) (SA2FRP55.in] (4/00)

1-132 
TOTALS 

1-133 
TOTALS

1-134 
TOTALS 

1-135 
TOTALS 

ALL NUCLIDES 
0.5000 h 
1.5000 h 
1.8333 h 
2.0000 h 
4.0000 h 
8.0000 h 
8.5000 h 

24.0000 h 
96.0000 h 

720.0000 h 
TOTALS

- EXCLUSION AREA BOUNDARY 
EDE SKIN-DE THY-CDE 
DOSE DOSE DOSE 
mrem mre rem 

2.76E+00 8.17E-01 1.63E+01 

3.47E÷00 3.22E+00 2.23E÷03 

1.20E+00 3.93E-01 1.02E+00 

5.07E+00 1.53E+00 2,08E+02

4.15E+00 
7.27E+00 
2.18E+00 
1.05E+00 
0. OOE+00 
O.OOE+00 
0. OOE+00 
0. OOE+00 
0.OOE+00 
0.OOE+00 
1.47E÷01

2.32E+00 
4.30E+00 
1.35E+00 
6.64E-01 
0.OOE+00 
0. OOE+00 
0. OOE+00 
0. OOE+00 
0. OOE+00 
0. OOE+00 
8. 65E+00

2.95E+03 
5.82E+03 
1.91E+03 
9.52E+02 
0.OOE+00 
0. OOE+00 
O.OOE+00 
0. OOE+00 
0.OOE+00 
0. OOE+00 
1.16E+04

--- LOW POPULATION ZONE ---
EDE 
DOSE 
mrem

SKIN-DE 
DOSE 
•rem

THY-CD 
* DOSE 
area

3.18E-01 9.41E-02 1.88E+00 

7.14E-01 6.63E-01 4.59E+02 

8.69E-02 2.85E-02 7.39E-02 

8.65E-01 2.62E-01 3.55E+01

2.41E-01 
4.23E-01 
1.27E-01 
6.12E-02 
6.45E-01 
9.77E-01 
0.OOE+00 
0. OOE+00 
0. 00E+00 
0. OOE+00 
2.47E+00

1.35E-01 
2.50E-01 
7. 86E-02 
3.86E-02 
4.32E-01 
7.44E-01 
0. OOE+00 
0. OOE+00 
0. OOE+00 
0. OOE+00 
1.68E+00

1.71E+02 
3.38E+02 
1.11E+02 
5. 53E÷01 
6.50E+02 
1.23E+03 
0. OOE+00 
0. OOE+00 
0. OOE+00 
0. OOE+00 
2.55E+03

***PROGENY INGROWTH ON ***

-------CONTROL
EDE 
DOSE 
mrem

5.33E-02 

1.21E-01 

1.32E-02 

1.47E-01 

1.99E-02 
7.28E-02 
2.65E-02 
1.48E-02 
1.51E-01 
2.33E-01 
5.43E-03 
1.77E-03 
4.69E-05 
5.71E-11 
5.25E-01

EDE RATE 
DOSE RATE 
mrem/h

ROOM-----------
SMIN-DE THY-CDE 

DOSE DOSE 
mreM mrem

3.14E-01 6.28E+00 

2.24E+00 1.55E+03 

8.61E-02 2.23E-01 

8.82E-01 1.20E+02

7.75E-02 
6. 87E-02 
8. 9SE-02 
8.75E-02 
6.75E-02 
5.37E-02 
4.02E-04 
1.53E-05 
2.56E-11 
0. OOE+00

2.25E-01 
8. 57E-01 
3.27E-01 
1. 93E-01 
3.12E+00 
8.54E+00 
2.36E-01 
8. 93E-02 
3.30E-03 
6.77E-09 
1.36E+01

2.90E+02 
1.16E+03 
4.62E+02 
2.62E+02 
2.62E+03 
3.71E+03 
8.21E+01 
3.22E+01 
1.25E+00 
2.22E-06 
8. 62E+03
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BEAVER VALLEY 
POWER STATION ERS-SFL-95-008 Page 74 

Health Physics Department Revision 6 Appendix I 

Unit 1 Concurrent Iodine Spike Addendum 

This addendum is valid for total T.S. operational leakage (identified and unidentified leakage). Iodine DCFs are taken 
from Federal Guidance Report No 11. and are consistent with ICRP 26/30 methodology.  

This addendum provides references, inputs, assumptions and calculation for the concurrent iodine spike postulated to 
occur coincident with certain design basis accidents (DBA). The analyst should ensure that the Inputs and 
assumptions used herein are valid and applied In the limiting direction when used In any particular DBA 
analysis. The calculation is included below as an embedded EXCEL 95 spreadsheet. Any modification or change 
requires hand checking of the math as this spreadsheet is not subject to the SQA program of REAP 1.104. The 
methodology is identical to that of ERS-SFL-96-011 and -012. Significant changes were made to the RCS mass, RCS 
Tech. Spec. leak rate and letdown (purification) flow, and the final appearance rates are, therefore, changed.  

Input Parameters/Assumptions: 

RCS Tech. Spec. leakage_1 gpm unidentified leakage + 10 gpm Identified leakage -11 gpm (used 1 gm/cc for 
density conversion consistent with leak rate determination methodology) (ref. Unit 1 T. S. 3.4.6.2) NOTE: Includes 
T/S primary to secondary leakage.  

RCS Mass The RCS mass is calculated from the following component volumes provided in EM 
No.: 116251 and RCS Density @ 576.6 OF provided in EM No.: 116252.  

RCS excluding PZR, 0% S/G plgd - 8099 J[P FZR water @ 100% power - 708 11? 
RCS excluding PZR, 30% S/G plgd - 7127 f1 PZR water @ 0% power - 340/fe 
Main RCS Density @ 576.6 -F - 44.13 Ib/f W 

Purification efficiency (PE) 1 Is used in this calculation. 0.9 was used previously based on a DF - 10 for 
iodine.(ref. Westinghouse letter DMW 4704, 1982 as used in SWEC 12241-UR(B)-224, and Unit 1 UFSAR Table 14B
5) Note: purification efficiency F) - 1 - I/DF. The actual DF is much higher, possibly 1000 to 10000, which results 
inaPE - 0.999 to 0.9999. Since the actual DF is unknown, assuming the PE - I bounds the calculation.  

Purification flow rate 120 gpm is used to bound calculation (the maximum given in EM No.: 117705).  

Iodine decay constants 1-131 9.9783E-7 sed4 
1-132 8.3713E-5 sec.' 
1-133 9.2568E-6 sec _ 
1-134 2.1963E-4 sc" 
1-135 2.9129E-5 sec' 

(ref. ERS-SFL-93-018) 

Formula for iodine loss constant _ - (F*EJM) + (LJM) + Xd.  
(ref EPRI Report, Review of Iodine Spike Data from PWR 

Power Plants in Relation to SGTR with MSLB, TR-103680) 

Formula for iodine spikeqAppearance rate Equilibrium Concentration * M * 
(ref EPRI Report, Review of lodine Spike Data from PWR 

Power Plants in Relation to SGTR with MSLB, TR-103680

I*
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Concurrent Iodine Spike Appearance Rates

lambda ).Tot•ao

).R = removal via (radiological) decay = In(2) I t1,2 

w = removal via letdown flow = LD x E I RCS Mass 
where: LD = 120 gpm (max). RCS Mass depends on % power, % S/G plugged and 

where: E = purification efficiency c 1 - I/DF, where: 

DF = Decontamination Factor, = Infinity for Iodine; E c I 1- lnfinity c I 

XTSLR c removal via Technical Specification Leakrate -TSLR I RCS Mass, where:.  

TSLR I Identified (Includes primary-to-secondary) * unidentified = 11 gpm 

Concurrent Iodine Spike Appearance Rate = TS DE-1-1 31 x RCS Mass x .A
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Concurrent Iodine Spike Appearance Rate Calculation 
Sensitivity Analysis Case 2: 0% Power, 30% SIG Plgd

RCS Iodine Concentration (uCi/gm) C 0.20 uCl/gm Dose Equivalent Iodine 131:

Thyroid DCF * 

(Sv/Bq) 
2.92E-07 
1.74E-09 
4.86E-08 
2.88E-10 
8.46E-09

x 
Conversion 

(mrem/uCly(Sv/Bq) 
3.70E+09 
3.70E÷09 
3.70E+09 
3.70E+09 
3.70E+09

l=

(mrem/uCI) 
1.08E+03 
6.44E+00 
1.80E+02 
1.07E+00 
3.13E.01

x 
1% FF 

(uCI/gm) 
2.69E+00 
1.06E+00 
4.03E+00 
5.94E-01 
2.32E÷00

= 

1% FF Iodine 
dose (mrem/gm) 

2.91E+03 
6.82E+00 
7.25E+02 
6.33E-01 
7.26E+01
7.26E+01

* ref. Federal Guidance Report No. 11

1% FF 
(uCVgm)

I 
1% FF 

DE 1-131 (uCVgm)
1-131 2.69E+00 3.435 
1-132 1.06E+00 3.435 
1-133 4.03E+00 3.435 
1-134 5.94E-01 3.435 
1-135 2.32E+00 3.435 

Concurrent Iodine Spike Appearance Rate:

I 

Iodine 131 DCF 
(mrem/uCI) 

3.71E÷03 1.08E+03 
= x

DE 1-131 
1 (uCVgm) 

7.83E-01 
3.09E-01 
1.17Et00 
1.73E-01 
6.75E-01

0.20 
0.20 
0.20 
0.20 
0.20

3.71E÷03 
l= 

0 1% FF 
DE 1-131(uCVgm) 

3.435 

RCS I @ 0.20 
DE-1131 (uCligm): 

1.57E-01 
6.17E-02 
2.35E-01 
3.46E-02 
1.35E-01

I(RCS TS leakage) F (purif flow rate) = 

(gpm) (gm/gal) (gn/min) (galmin) (gm/gal) (gndmin) 
11 3785.3 4.1638E+04 120 3785.3 4.5424E+05 

RCS mass, 0% Power, 30% S/G plgd = E (purification 
x x= efficiency) 

(hf3) bfty)* (ibm) (gm/ibm) (gin) (-) 
7467 44.13 3.30E÷05 453.592 1.4947E÷08 I 

.*Main RCS Density at 576 OF (EM No.:116252) 
Net lambda (all lambda's In sec, 60 sec/mmn) 

=(F*E)/M =LM Decay Net Lambda 
1-131 5.0651E-05 4.6430E-08 9.9783E-07 5.6291E-05 
1-132 5.0651E-05 4.6430E-06 8.3713E-05 1.3901E-04 
1-133 5.0651E-05 4.6430E-06 9.2568E-06 6.4550E-05 
1-134 5.0651E-05 4.6430E-06 2.1963E-04 2.7492E-04 
1-135 5.0651E-05 4.6430E-06 2.9129E-05 8.4423E-05

Appearance rat

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

conc @ 0.20 (ucIvgm) 
1.57E-01 
6.17E-02 
2.35E-01 
3.46E-02 
1.35E-01

x 
M 

(gm) 
1.49E+08 
1.49E+08 
1.49E+08 
1.49E+08 
1.49E+08

x net lambda 
(see") 

5.6291E-05 
1.3901E-04 
6.4550E-05 
2.7492E-04 
8.4423E-05

C 
C 0.20 uCVgm 

(uCI/sec) 
1.3178E+03 
1.2824E+03 
2.2640E+03 
1.4212E+03 
1.7046E÷03

= 

RATE x 500 
(Ci/sec) 

6.59E-01 
6.41 E-01 
1.13E+00 
7.i1E-01 
8.52E-01
6.52E-01

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

3.13E+01

8.4423E-05

[


