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1.0 INTRODUCTION 

The Plutonium Finishing Plant (PFP) has notified Tank Farms of plans to transfer at least two 
batches of waste to Double-Contained Receiver Tank (DCRT) 244-TX. These batches are 
expected to be approximately 5,000 gal each. The first of these transfers is planned to occur in 
late November 2000 and the second in the spring of 2001. 

Several accident scenarios analyzed in the Tank Farms Tank Waste Remediarion System Final 
Safety Analysis Report (HNF-SD-WM-SAR-067) predict dose consequences, in part, based on 
an assumed tank ventilation system high-efficiency particulate air (HEPA) filter and prefilter 
maximum total waste loading. This waste loading is calculated based on a maximum HEPA 
filter contact dose measurement of 200 mrem/h of gamma radiation, which is the highest dose 
reading allowed by Tank Waste Remediation System Technical Safety Requirements, 
Administrative Control (AC) 5.18 (HNF-SD-WM-TSR-006). The PFP waste has a lower 
proportion of gamma emitting isotopes than typical Tank Farms waste. Consequently, a HEPA 
filter dose reading of 200 mremlh resulting from PFP waste will correspond to a much higher 
filter waste loading, and a higher inhalation dose as a result of waste released from the filter, than 
previously assumed for single-shell and double-shell tank waste. This calculation note provides 
an analysis of the effect of the PFP isotopic composition on HEPA filter loading and the impact 
on HEPA Filter Failure - Exposure to High Temperature or Pressure and Steam Intrusion from 
Interfacing Systems Final Safety Analysis Report (FSAR) accidents as they relate to DCRTs. 
This calculation note also employs the new dose conversion factors, atmospheric dispersion 
coefficients, and breathing rate factors contained in Radiological Source Terms for Tank Farms 
Safety Analysis (RPP-5924). 

This calculation note was prepared specifically to support Unreviewed Safety Question 
ScreeningDetermination USQD TF-00.0768, Evaluation of PFP Transfer to DCRT 244-TX 
(USQD TF-00-0768). 

2.0 SCOPE OF ANALYSIS 

This analysis is specific to the PFP waste isotopic composition data provided by CH2M HILL 
Hanford Group, Inc., Process Control Section (K. D. Fowler), a copy of which is included as 
Appendix A of this calculation note. 

This analysis presents recalculated dose consequence results for the following FSAR accidents: 
HEPA Filter Failure - Exposure to High Temperature or Pressure, and Steam Intrusion from 
Interfacing Systems. Other accidents that include HEPA filter failure as part of the accident 
scenario, but are not considered in this analysis are Flammable Gas Deflagration, Organic 
Solvent Fire, It-Tank Fuel FireDeflagration, and Tank Bump. Reanalysis of these accidents 
was not requested to support USQD TF-00-0768 because for the first three accidents, the 
uncontrolled scenarios already have dose consequences that exceed dose guidelines and the 
controlled scenarios employ controls that are assumed to prevent the accidents. (An exception is 
lightning-initiated organic fires, which cannot be prevented. However, the bounding case is 
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already above guidelines.) The Tank Bump accident was not reanalyzed because it is not 
applicable to DCRTs. 

It is anticipated that the PFP waste batches will be resident in 244-TX DCRT for several months 
before being transferred into Tank 241-SY-102. This calculation note only addresses PFP waste 
in DCRTs. 

3.0 ACCIDENT SCENARIOS 

3.1 HIGH-EFFICIENCY PARTICULATE AIR 
FILTER FAILURE - EXPOSURE TO HIGH 
TEMPERATURE OR PRESSURE 

These two accidents were previously analyzed in HEPA Filter Failure by Fire or Heater 
Overtemperature and Subsequent Unfiltered Release (WHC-SD-WM-CN-062) and Releases 

from Failed HEPA Filters Due to an Overpressurization Event (WHC-SD-WM-CN-063), 
respectively. These two references considered accident scenarios involving HEPA filters and 
prefilters used in the ventilation systems for single-shell tanks, double-shell tanks, DCRTs, the 
204-AR Waste Unloading Facility, the 244-AR Vault, the 21 3-W Dry Waste Compactor Facility, 
and 7 of 12 catch tanks. As mentioned in Section 2.0, this calculation note is only concerned 
with HEPA filters and prefilters installed in DCRT ventilation systems. 

For the high temperature accident, it is postulated that a fire near the ventilation system, or the 
failure of an in-line heater, may cause a high temperature condition in the HEPA filter train, 
resulting in a short-term release of waste material that has collected on the filters, as well as an 
unfiltered pathway for long-term release of tank waste contents once the filters have ceased to be 
effective. For the overpressure accident, it is postulated that any of several (unspecified) 
conditions may lead to a pressurization of the headspace above the tank, also causing short-term 
and long-term release of waste material. For both accidents, the short-term release is considered 
to occur instantaneously, with both onsite and offsite dose consequences. The longer term 
unfiltered releases are analyzed as sources of chronic exposure occurring for periods of 12 hours 
and 1 year (onsite) and 24 hours and 1 year (offsite). 

3.2 STEAM INTRUSION FROM INTERFACING 
SYSTEMS 

This accident was previously analyzed in Calculation Notes that Support Accident Scenario and 
Consequence Development for the Steam Intrusion from Interfacing Systems Accident 
(WHC-SD-WM-CN-044). This accident scenario involves liquid waste being transferred to a 
tank using a steam jet as the motive force. Because of operator error or equipment failure, raw 
steam could be introduced directly into the double-shell tank or the DCRT, resulting in an 
overpressure condition in the tank headspace. This overpressure is postulated to result in HEPA 
filter and prefilter failure, release of waste material accumulated on the ventilation HEPA filters 
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and prefilters, and release of particulates from the tank headspace volume through the resulting 
unfiltered pathway. These releases are assumed to occur over a period of approximately 
5.6 hours. 

4.0 ANALYSIS METHODOLOGY 

4.1 DOSE CONSEQUENCE CALCULATIONS 

This calculation note revised the calculations included in WHC-SD-WM-CN-062, 
WHC-SD-WM-CN-063, and WHC-SD-WM-CN-044 for dose consequences resulting from 
HEPA filter and prefilter failure in a DCRT, using the PFP waste isotopic composition data 
(Appendix A). Onsite and offsite dose consequences were calculated consistent with the 
methodology presented in RPP-5924. This is essentially the same methodology used by 
WHC-SD-WM-CN-062, WHC-SD-WM-CN-063, and WHC-SD-WM-CN-044, except that 
RPP-5924 contains updates of standard calculational parameters (e.g., dose conversion factors, 
atmospheric dispersion coefficients, and breathing rates). 

The equations used to calculate dose consequences as a result of HEPA filter releases are as 
shown below. Additional details may be obtained from WHC-SD-WM-CN-062, 
WHC-SD-WM-CN-063, and WHC-SD-WM-CN-044. 

4.1.1 High-Efficiency Particulate Air Filter Failure - 
Exposure to High Temperature or Pressure 

Using the methodology of WHC-SD-WM-CN-062 and WHC-SD-WM-CN-063, dose 
consequences due to initial filter release, and unfiltered release at various times following filter 
failure, were calculated. 

Dose in Sieverts from HEPA Filter Release 

Donsiteacute = Q(L) * RF * X/Q’(s/m3) * BR(m3/s) * ULD(Sv/L) 
Doffsiteacute = Q(L) * RF * X/Q’(s/m’) * BR(m3/s) * ULD(Sv/L) * 1.1 

where 

D - - committed effective dose equivalent to receptor 
Q =  liters of tank waste on filters 
RF = fraction of waste on filters that is released (respirable fraction = 1) 
WQ‘ = integrated atmospheric dispersion coefficient 
BR = breathing rate 
ULD = committed effective dose equivalent per liter inhaled. 

(A factor of 1.1 has been included in the offsite equation to conservatively account for ingestion 
dose by the offsite receptor.) 

3 
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Dose in Sieverts from Unfiltered Releases 

Donsite IZhour = Q(Us) * PF * X/Q’(s/m3) * BR(m3/s) * ULD(Sv/L) * time 
Donsite 1 year = Q(Vs) * PF * WQ’(s/m3) * BR(m3/s) * ULD(Sv/L) * time * OF 
Doffsite 24 hour = Q(Lfs) * PF * WQ’(s/m3) * BR(m3/s) * ULD(Sv/L) * time * 1.1 
Doffsite 1 year = Q(Us) * PF * X/Q’(s/m3) * BR(m3/s) * ULD(Sv/L) * time * 1.1 

where 

D 
Q 
PF 
NQ‘ 
BR 
ULD 
time 
OF 

committed effective dose equivalent to receptor 
ventilation system exhaust rate 
fraction of ventilation system exhaust that is waste 
integrated atmospheric dispersion coefficient 
breathing rate 
committed effective dose equivalent per liter inhaled 
duration of the assumed release 
occupancy factor (0.228) representing the fraction of time the receptor is 
onsite. 

(A factor of 1.1 has been included in the offsite equations to conservatively account for ingestion 
dose by the offsite receptor.) 

4.1.2 

Using the methodology of WHC-SD-WM-CN-044, the dose calculation is treated as a short-term 
release with atmospheric dispersion coefficients corresponding to 335 minutes. 

Dose in Sieverts from HEPA Filter Release and Tank Headsaace Release 

Steam Intrusion from Interfacing Systems 

Donsite = Q(L) * WQ’(s/m3) * BR(m3/s) * ULD(Sv/L) 
Doffslte = Q(L) * WQ’(dm3) * BR(m3/s) * ULD(Sv/L) * 1.1 

where 

D - - committed effective dose equivalent to receptor 
Q =  
WQ’ = integrated atmospheric dispersion coefficient (corresponds to 335 minutes) 
BR = breathing rate 
ULD = committed effective dose equivalent per liter inhaled 

liters of respirable tank waste released 

According to the methodology of WHC-SD-WM-CN-044, Q(L) is the sum of waste released 
from the filters and waste released from the tank headspace. (A factor of 1.1 has been included 
in the offsite equation to conservatively account for ingestion dose by the offsite receptor.) 

4.2 WASTE LOADING ON HIGH-EFFICIENCY PARTICULATE 
AIR FILTER AND PREFILTER CORRESPONDING 
TO 200 MREM/H 

The previous analyses performed for the HEPA Filter Failure -Exposure to High Temperature 
or Pressure, and Steam Intrusion from Interfacing Systems, accidents used HEPA filter and 
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prefilter loading estimates provided by MICROSHIELD Dose Rate Calculations for HEPA 
Filters and Prefilfers (WHC-SD-WM-CN-033). This reference presents the results of 
calculations using the MicroshieldTM software and assumed isotopic composition data for 
single-shell tank solids and liquids and double-shell tank liquids. These calculations determined 
the contact millirem per hour reading at a specified location on a HEPA filter or prefilter 
housing, resulting from a 1 Ci total waste loading uniformly distributed within the filter. These 
calculations were performed for various filter configurations employed in Tank Farms. From 
these calculations, the filter waste loading (in curies) corresponding to a contact reading of 
200 mrem/h for the various filter configurations was determined for accident analysis purposes. 
The 200 mrem/h contact dose reading corresponds to the maximum filter reading allowed by 
AC 5.18 (HNF-SD-WM-TSR-006). 

The contact dose reading for a HEPA filter or prefilter results from gamma radiation, and 
determination of total filter loading from a contact dose reading requires that the proportion of 
total waste material that emits detectable gamma rays be known. The isotopic composition of 
the PFP waste planned for transfer has a much lower proportion of detectable gamma-emitting 
isotopes than was assumed for the WHC-SD-WM-SN-033 calculations. Consequently, a new 
Microshield run was performed using the isotopic composition for PFP waste (100% liquid 
waste was assumed). The results indicated that a waste loading of approximately 29,800 L per 
HEPA filter, and 18,000 L per prefilter, would be required to produce a contact dose reading of 
200 mrem/h. Because this is clearly an unrealistic result, it was necessary to assume a lower but 
conservative waste loading. A report of the new Microshield results is included in Appendix B. 

For purposes of this calculation note, a total (sum for all HEPA filters, prefilters, and duct work) 
waste loading of 10 L was assumed as the base case. Calculations were also performed for 1 L 
and 100 L total waste loadings. These waste loadings were assumed to be 100% liquid waste. 
Based on engineering judgment, 10 L of total waste loading is considered to be conservative. In 
particular, recent measurements obtained in the field on 244-TX DCRT ventilation filters (which 
have been in place for at least 6 years) gave dose readings of approximately 20 mrem/h 
(Appendix C contains the Radiological Survey Report). Using the assumptions of 
WHC-SD-WM-CN-062, this corresponds to a total waste loading of approximately 2.28 * 10.’ L. 
As the results presented in Section 6.0 indicate, even an assumed loading of 100 L (rather than 
10 L) produces estimated dose consequences that are lower than previous analysis results. 

5.0 INPUT ASSUMPTIONS AND BASES 

Standard calculational parameters (dose conversion factors, atmospheric dispersion coefficients, 
and breathing rates) were taken from RPP-5924. Additional onsite dose conversion factors also 
were taken from “Dose Coefficients for Intakes of Radionuclides by Workers - Replacement of 
ICRP Publication 61” (ICRP-68). Isotopic concentration data presented in Appendix A were 
used to represent the PFP wastes for the calculation of unit liter dose values. Dose conversion 

TM Microshield is a trademark of Grove Engineering, Inc 
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1 E-41 Onsitc-Acute 11101100 (L) I E-2, 

Onsite-I 2 Hour 1 E-10' 1.98 Ec3 
(LIS) 

factors used for this calculation note are provided in Appendix D. Release fractions and partition 
fractions were taken from WHC-SD-WM-CN-062, WHC-SD-WM-CN-063, and 
WHC-SD-WM-CN-044. 

As stated in Section 4.0, calculations were performed for assumed total filter (HEPA filters, 
prefilters, and ducts) loadings of 1 L, 10 L, and 100 L of PFP waste. It was assumed that only 
the liquid portion of the waste would load the filters. This assumption is consistent with the 
previous analyses performed for these accidents. Source term (Q) values may equal the volume 
of waste assumed to be on the filters (High Temp/Press Acute releases), the ventilation rate for 
the tank (High Temp/Press 12 hr, 24 hr, or I year releases), or a combination of the volume of 
waste released from the filters and the volume of waste released from the headspace (Steam 
Injection). 

Details of the calculations performed for this calculation note are provided in spreadsheet form in 
the attachment to Appendix D. A summary of calculational input parameters is provided below. 

3.28 E-2 

4.XO E-3 

Table I .  Summary of Input Parameters 

Onsitc-I Year 

Offsite-Acute 

Offsite-24 
Hour 

Ofkite-I Year 

Atmospheric 
Dispersion 
Coefficient Fraction Location 

(SVRJ 

. ,  

I E-10' 4.03 E-4 I .9X E+3 
(LIS) 

2.22 E-5 1 E-41 1110/100 (L) I E-2" 

I E- IO' 4.23 E-6 I .98 E+3 

1.98 E+3 
(LIS) 

(LIS) I E-IO' I .47 E-7 

Offsite 
4. I I E-2 
1.31 E-l I E-2 I E-8" 9.70 E-6 2.57 E-4 7.05 
1.03b(L) 

Steam Injection 

6.39 E-3 

3.33 E-4 

3.33 E-4 

3.13 E-4 

2.57 E-4 7.05 

2.57 E-4 

2.57 E-4 7.05 

I 4.51 
3.33 E-4 
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I O  L Total Filter Loading 1.1 I E-7 

100 L Total Filter Loading 5.55 E-7 

Prcvious Results" I .77E-4 

6.0 RESULTS 

9.1 I E-7 1 .XX E-I0 1.87 E-9 

1.35 E-6 5.87 E-I0 2.27 E-9 

2.16E-3 2.44 E-7 2.37 E-6 

Based on the calculations detailed in Appendix D, the following results were obtained. Note that 
these results correspond to uncontrolled scenarios. 

Dose Consequence 
Onsite HEPA Onsite HEPA Offsite HEPA 

Filter Release + Filter Release + Filter Release + 

v) Exposure (Sv) Exposure (Sv) 
1 Year 24 Hour 

. 
1 L Total Filtcr Loading 5.55 E-7 1.35 E-6 5.87E-IO 2.27 E-9 

10 L Total Filtcr Loading 4.99 E-6 5.79 E-6 4.57 E-9 6.25 E-9 

100 L Total Filter Loading 4.93 E-5 5.01 E-5 4.44 E-8 4.61 E-8 

Previous Results" 4.54 E-4 2.44 E-3 4.X1 E-7 2.60 E-6 

Table 2. High-Efficiency Particulate Air Filter Failure - Expowre 
to High Temperature. 

Onsite HEPA 

HEPA = high-efficiency particulate air. 

Table 3. High-Efficiency Particulate Air Filter Failure - Exposure 

Rev. 2, Dukc Engineering 8z Scrvices Hantiird, Richland, Washington. 

HEPA = high-efficiency particulate air 
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100 L Total Filter Loading 

Table 4. Steam Intrusion from Interfacing Systems 

9.90 E-6 I .99 E-8 

Previous Results’ 4.90 E-4 
I I 

’WHC-SD-WM-CN-044, 1997, Calculation Notes That Support Accident Scetiariu und Consequence 
Drvelopnientfor the Strum ltitrusion From Interfacing Systems Accident, Rev. 2, Dukc Engineering & Services 
Hanford, Richland, Washington. 

7.60 E-7 

7.0 CONCLUSIONS 

The purpose of this calculation note was to analyze the effect of the PFP waste isotopic 
distribution on the assumed ventilation HEPA filter and prefilter waste loading for DCRTs, and 
determine the impact of this waste loading on previously performed FSAR accident analyses as 
required to support USQ TF-00-0768. This analysis supports two upcoming PFP waste transfers. 

As stated in Section 2.0, it was determined that only three previous FSAR accident analyses 
needed to he considered. These are the HEPA Filter Failure - Exposure to High Temperature 
or Pressure accidents, and the Steam Intrusion from Interfacing Systems accident. 

Section 6.0 provides a summary of the results of reanalysis of these accidents as they apply to 
DCRTs. As Section 6.0 demonstrates, both the onsite and offsite dose consequences for these 
three accidents based on the PFP waste isotopic composition are hounded by the dose 
consequences currently assumed for these accidents in the FSAR. 
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APPENDIX A 

PLUTONIUM FINISHING PLANT WASTE 
ISOTOPIC COMPOSITION DATA 

Zimmennan, Bruce D 

From: 
Sent: 
TO: 
cc: 
Subject: 

Fowler, Kenneth D (Kenn 
Friday, Nwember 1 7 , 2 d i  1:36 PM 
Zimmennan. Bruce D 
Stanton. George A Jr 
PFP DATA 

BNW, 
Here are the values based on the 2224 Lab data from the PDP tank DS. 
Not all of the analytes on the list were available. 

If you have any questions please call. 

Thanks, 
Kenny 
3-5930 

A- 1 
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The 

APPENDIX B 

MICROSHIELD RESULTS FOR PLUTONIUM 
FINISHING PLANT WASTE 

Filter Evaluation for PFP Source Term 

J. C. Van Keuren g c k  
Fluor Federal Services 

se rate from a DCRT HEPA filter was calculated as sum in^ 1 L a vaste on the filter from 
a mix from PFP. The waste mix was &mished by the customer &d is attached. Liquid was 
assumed as specified in the attached message. Activities in CX. were calculated by multiplying 
the data which is in pCiml by (lo4 CipCi) (1000 mvL) = IO'. Dimensions for filter sampling 
points were taken from WHC-SD-WM-CN-033 (Savino. 1996) for a DCRT HEPA filter (page 
25). Dimensions of the filter were 0.3 m x 0.3 m x 0.3 m (1 A x 1 A bv 1 f t . l  The filter is 
sukounded by a 0.2 (0.08 inch) aluminum wall. The samphg point was acthe midpoint of the 
side ofthe filter 1.3 cm (0.5 inches) from the filter. The dose rate was calculated with 
Microshield 5 (Himen 2000) 

Bremsstrahlung radiation was neglected for these calculations. Sr-90 and Y-90 are the principal 
contributors to Bremsstrahlung radiation. Cs-137 is the dominant gamma emitter. For SST 
solids, the Sr-90 and Y-90 concentrations are over an order of magnitude higher than the Cs-137 
but the dose from Bremsstrahlung is an order of magnitude less than the Cs-137. In this case, the 
Sr-90 and Y-90 concentrations are an order ofmagnitude less than the Cs-137, so the 
Bremsstrahlung will be less than 1% of the Cs-137 contribution. In any event, it is conservative 
to neglect the Bremsstrahlung in the calculation of the filter inventory since including 
Bremsstrahlung radiation will increase the dose rate and decrease the amount of material 
required to reach 200 mrihr. 

The dose rate from 1 L of the PFP waste is 6.72E-03 m r h .  The quantity of waste to produce a 
dose rate of 200 m r h  is therefore - = 2.98 EM4 L 
6.72~-03 mihrn 

A calculation was made for the prefilter. The prefilter dimensions are 30.48 cm by30.48 x 6.35 
cm (lft x 1 ft x 2.5 inches). The filter also is enclosed by aluminum wall. The dose was 
calculated at midpoint of the prefilter 0.5 inches from the aluminum wall. The prefilter was 
assumed to contain 1 L of waste. The dose rate was 0.01 112 mrihr. The filter inventory at 200 
mrihr is: 

2QhmL = 1 .80EWL 
0.0112 mihrn 

The Microshield 5 computer output is attached. 

These waste quantities are obviously unreasonably high because the filter would plug before the 
waste accumulation could reach this value. The quantities are unrealistically high bccause the 
concentrations of gamma emitters are very low for this mix. 
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Several of the isotopes an introduced at minimum detection level including the Co-60. The Co- 
60 is a significant contributor at this concentration level. Including isotopes at the minimum 
detection limit is noncowervative for this calculation since the CoaO concentration may be 
much lower, which would increase the number of liters to reach 200 mrh .  

The calculation does not include any self-shieldw from the waste. Ifthe waste quantity was as 
large as calculated above, the self-shielding would be significant. 

References 

Himcs, 2000, Memo, DA Himes to S.A Fargo, Verijiation of MCROSHIELD E!WZON 5.05, 
August 20,2000, Fluor Federal Services, Richland WA 

Savino, A V., 1996, MCROSHELLl Dose Rate Calculations for HEPA Filiers and Prefilrers, 
Westinghouse W o r d  Co, Richland WA 
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Hey, Brit E 

From: Zimmerman. Bruce D 
Sent: 
To: Hay, Brit E 
Subject: FW: PFP DATA 

Friday. November 17.2000 2:19 PM 

Brit: Here is Kenny's full list Ofthe isotopes thal are available for the PFP waste. By the way, it appean thal after 
looking at the FSAR accidents, we only need the Micmshieid calculalions done for the PFP liquids. 

---aplnal Murage--- 
From: Fowler, I(ennRh D (Kenny) 
sent: 
TO! zimmerman. a w e  D 

Wdw, Nwembcf 17.2000 1:s PM 

cc: senmn, Gmrge A l r  
Subject: PFP DATA 

Bruce, 
Here are the values based on the 222-5 Lab data from the PDP tank D.5. 
Not all of the analytes on the list were available. 

If you have any questions please call. 

Thanks, 
Kenny 
3-5930 

I I I 

.3 blcc solids pensity I 

.05 .kolids rraction in waste stream I 

.94 liquids fraction in waste stream 1 

, 
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MicroShield v5.05 (5.05-00321) 
Fluor Daniel Northwest 

Page : 1  
DOS File: DCRTFILT.MS5 
Run Date: November 17. 2000 
Run Time: 2:58:51 PM 
Duration: 00:00:19 

Case Title: DCRT Filter 
Description: Dose from 1 L of liquid mix in Zimmerman email 11/17/00 

Geometry: 13 - Rectangular Volume 

Nuclide 
Am-241 
Ba-137m 
CO-60 
Cs-134 
Cs-137 
EU-154 
Eu-155 
Pu-239 
Sb-125 
Sr-90 
Tc-99 
Y-90 

Source Dimensions 
Length 30.48 cm 1 ft 
Width 30.48 cm 1 ft 
Height 30.48 cm 1 ft 

Dose Points 

# 32.504 cm 15.24 cm 15.24 cm 
1 ft 0.6 in 6.0 in 6.0 in 

X x z 

Shields 
Shield Name Dimension MaterialDensitv 
Source 2.83e+04 cm’Mixed - > 0 . 0 5  

Aluminum 0.03 
Carbon 0.02 

Shield 1 ,203 cmAluminum2.70? 
Air Gap Air 0.00122 

Source Input 
Grouping Method : Standard Indices 

Number of Groups : 25  
Lower Energy Cutoff : 0.015 
Photons c 0.015 : Excluded 

Library : Grove 
curies 

1.7900e-007 
1.2200e-007 
2.9400e-008 
2.3300e-008 
1.2900e-007 
8.8400e-008 
4.4300e-008 
3.6600e-006 
7.0100e-008 
9.4000e-009 
6.7100e-009 
9.4000e-009 

becauerels pCi/cm’ Ba/cml 
6.6230et003 6.3213e-006 2.3389e-001 
4.5140e+003 4.3084e-006 1.5941e-001 
1.0878et003 1.0383e-006 3.8415e-002 
8.6210et002 8.2283e-007 3.0445e-002 
4:1730e+003 4.5556e-006 1.6856e-001 
3.2708e+003 3.1218e-006 1.1551e-001 
1.6391et003 1.5644e-006 5.7884e-002 
1.3542ec005 1.2925e-004 4.7823e+000 
2.5937e+003 2.4756e-006 9.1596e-002 
3.4780e+002 3.3196e-007 1.2282e-002 
2.4827e+002 2.3696e-007 8.7676e-003 
3.4780e+002 3.3196e-007 1.2282e-002 

Buildup 
The material reference is : Shield 1 

Integration Parameters 
x Direction 20 
Y Direction 20 
Z Direction 20 

Results 
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?age : 2  
305 File: MSITFILT.MS5 
Run Date: November 17, 2000 
Run Time: 2:58:51 PM 
Duration: 00:00:19 

0.03 
0.04 
0.05 
0.06 
0.08 
0.1 
0.15 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

TOTALS : 

NsLmiuQ 
1.608e+03 3.769e-03 
1.135e+03 6.704e-03 
2.657e+02 2.483e-03 
2.411e+03 3.008e-02 
5.090e+02 9.262e-03 
1.734e+03 4.093e-02 
6.510e+00 2.401e-04 
4.202e+02 2.llle-02 
1.112e+01 8.606e-04 ~~~~ 

8.354e+02 8.770e-02 
2.882e+02 3.831e-02 

mBK%ub 
ev/cm’/es 

luLuuuw 
4.696e-03 
9.160e-03 
3.407e-03 
4.469e-02 
1.331e-02 
5.689e-02 
3.133e-04 
2.643e-02 
1.023e-03 
1.012e-01 
4.330e-02 

DaLhr - 
3.735e-05 
2.965e-05 
6.615e-06 
5.976e-05 
1.466e-05 
6.262;-05 
3.954e-07 
3.726e-05 
1.632e-06 
1.709e-04 
7.520e-05 

- 
maLhr 

With e- 
4.654e-05 
4.051e-05 
9.077e-06 
8.877e-05 
2.106e-05 
8.704e-05 
5.159e-07 
4.665e-05 
1.940e-06 
1.973e-04 
8.500e-05 

6.304e+03 1.016e+00 1.130e+00 1.983e-03 2.206e-03 
2.087e+03 4.553e-01 4.964e-01 8.659e-04 9.442e-04 
2.118e+03 5.840e-01 6.287e-01 1.077e-03 1.159e-03 

1.694e-03 1.789e-03 2.390e+03 1.007e+00 1.063e+00 

2.212e+04 3.303e+00 3.623e+00 6.115e-03 6.723e-03 
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Microshield v5.05 (5.05-00321) 
Fluor Daniel Northwest 

Page : 1  
DOS File: DCRTPREF.MS5 
Run Date: November 17, 2000 
Run Time: 4:55:02 PM 
Duration: 00:00:19 

Case Title: DCRT PrePilter 
Description: Dose from 1 L of liquid mix in Zimmerman email 11/17/00 

Geometry: 13 - Rectangular Volume 
Source Dimensions 

Width 6.35 cm 2.5 in 

Dose Points 

# 1  32.004 cm 15.24 cm 3.1% cm 
1 ft 0.6 in 6.0 in 1.3 in 

Length 30.48 cm 1 ft 

Height 30.48 cm 1 ft 

X Y Z 

, Shields 
Shield Name Dimension Mater ialDensity 
Source 5899.343 cm’Mixed ->0.05 

Aluminum 0.03 
Carbon 0.02 

Shield 1 .203 cmAluminum2.702 
Air Gap Air 0.00122 

x 

Source Input 
Grouping Method : Standard Indices 

Number of Groups : 25 
Lower Energy Cutoff : 0.015 
Photons c 0.015 : Excluded 

Library : Grove 

Am-241 1.7900e-007 6.6230e+003 3.0342e-005 1.1227e+000 
Ea-137m 1.2200e-007 4.5140e+003 2.0680e-005 7.6517e-001 
co-60 2.9400e-008 1.0878e+003 4.9836e-006 1.8439e-001 
cs-134 2.3300e-008 8.6210e+002 3.9496e-006 1.4613e-001 
cs-137 1.2900e-007 4.7730e+003 2.1867e-005 8.0907e-001 
Eu-154 8.8400e-008 3.2708e+003 1.4985e-005 5.5443e-001 
EU-155 4.4300e-008 1.6391e+003 7.5093e-006 2.7784e-001 
Pu-239 3.6600e-006 1.3542e+005 6.2041e-004 2.2955e+001 
Sb-125 7.0100e-008 2.5937e+003 1.1883e-005 4.3966e-001 
Sr-90 9.4000e-009 3.4780e+002 1.5934e-006 5.8956e-002 
TC-99 6.7100e-009 2.4827e+002 1.1374e-006 4.2084e-002 
Y-90 9.4000e-009 3.4780e+002 1.5934e-006 5.8956e-002 

Buildup 
The material reference is : Shield 1 

Integration Parameters 

Nuclide curies becauerels gCi/crn’ Bo/cm‘ 

X Direction 20 
Y Direction 20 
z Direction 20 

Results 
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page : z  

Run Date: November 17. 2000 
DOS File: DCRTPREF.MS5 

Run Time: 4:55:02 PM 
Duration: 00:00:19 

0.03 
0.04 
0.05 
0.06 
0.08 
0.1 
0.15 
0.2 
0.3 
0.4 
0.5 
0.6 
0.8 
1.0 
1.5 

TOTALS : 

1.608et03 
1.135e+03 
2.657e+02 
2.411e+03 

6.510e+00 

H L m d U u R  
8.000e-03 

- 
Fa&Lmub 
9.781e-03 
1.673e-02 
5.841e-03 
7.366e-02 

Cm'/8= 

1.273e-02 
4.512e-03 
5.354e-02 

5.090e+02 1.619e-02 2.15e.e-02 
1.734e+03 7.102e-02 9.204e-02 

4.132e-04 5.089e-04 
4.202e+02 
1.112e+Ol 

3.616e-02 
1.466e-03 
1.488e-01 
6.482e-02 
1.715e+00 
7.661e-01 
9.804e-01 
1.684e+00 

5.563e+00 

4.312e-02 
1.678e-03 
1.665e-01 
7.134e-02 
1.865e+00 
8.197e-01 
.1.039e+00 
1.757e+00 

5.982e+00 

- 
maLhr 

r&Lu iuU 
7.928e-05 
5.629e-05 
1.202e-05 
1.063e-04 
2.56%-05 
1.087e-04 
6.804e-07 
6.382e-05 
2.780e-06 
2.899e-04 
1.272e-04 
3.348e-03 
1.457e-03 
1.807e-03 
2.832e-03 

1.032e-02 

1.556e-05 
1.463e-04 
3.415e-05 
1.408e-04 
8.381e-07 
7.610e-05 
3.182e-06 
3.244e-04 
1.400e-04 
3.639e-03 
1.559e-03 
1.914e-03 
2.956e-03 

l.ll2e-02 
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-CAI, PEER R E W W S  

yca NO. N.A 
MI1 I f  1.' 
1x11 11 1 
1x11 I f  1 
1x11 11 I 
Kl I  11  1 
1x11 1 1  1 
1x11 1 1  1 
1x11 I 1  1 
[X I1  11 1 

1x11 11  1 ' 

1x11 I [  1 
1x11 11 1 
1x11 11 1 

1x11 11  1 
1x11 I 1  1 
[XI[ 1 1  1 
1x11 1 1  1 
1 1 Pa** 
1x11 11 1 

Revious reviews wmplctc and wver analysis, up to s o p  of this review, with no gaps. 
Roblcm completely defiacd. 
Accident scenarios dovclopCa m a clear end logid manacr. 
Necesrlry usumptions explicitly stated and supported. 
Computer codes d data Nca documented. 
Data used in calculatim explidtly stated m document 
Data checked for wnriptipt_encY with orieiapl lolllfe information as applicable. 
Mathematical derivations checked including dimensional conrirrcnSy of mlts. 
Models appropriate and used v h t h  range of validity, or usc outside a g e  of established 
validity jusfied. 
Hand calcuktioru checked for mors. Spreadsheet mlk should be lrcdted exactly the 
Samc M hand calculatioas 
Sofhvam input wrrcd and wnriatmtwith k w n c n t  reviewed. 
Sofhvarc owut wnsistat with input and with mlt s  repcdcd in dccument reviewed. 
Limits/criWguideerialBuiaclinu applied to analysis d b  m aplaopriatc and referenced. 
Liits/crituidguicklina checked against refcmmxs. 
Safety margins wnsistcnt with g d  ongincuing pncticu. 
Conclusions consistent with anrtvtiepl d t s  and applicable limits. 
Results and conclwinu a d h  all points required m the p b l a  statemar 
Format consisknt with applicable pidca or otha siunda&. 
Review calculations, wmments, andor nom am attached. 
Document approved (for example, the mima affimw thc technical accuracy of tbe 
document). 

le. f& f I  /17/00 

Date 
D o ~ ~ I Y C  k .  Portre . 

Rc~kwcr  (pri;ltCd l l ~ c  and ripauC) 

AU 'bo" ruponsw must be explained below or on M additional sheet. 

** Any calculations. comments, or no(er gencntcd as part of thir review should be signed, dated, and attached 
to chis cheddirt. The material should be Irbcled and recorded in such a manner as to be intelligiile to 
a technically qualified third parly. 

NUCLEARENGINEERING 
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APPENDIX C 

RADIOLOGICAL SURVEY REPORT 
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APPENDIX D 

DETAILED CALCULATIONS 
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APPENDIX D 

DETAILED CALCULATIONS 

Table DI .  Summary Of Results 
Over Tem perat u re Accident 

Onsite 
HEPA + 

12 hr (Sv) 

I - 1  I I 
Onsite Offsite 
HEPA+ Offsite HEPA + 

Annual HEPA + 
24 hr (Sv) 

Annual 
(SV) (SV) 

I I I I 

I Liter I 6.66E-08 I 8.67E-07 I 1.49E-10 I 1.83E-09 

10 Liters I 1.1 IE-07 I 9.1 IE-07 I 1.88E-10 I 1.87E-09 
~~ 

100 Liters I 5.55E-07 I 1.35E-06 I 5.87E-10 I 2.27E-09 

D- 1 
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Over Tern pera t u re Accident 
( I O  Liter Filter Loading) 

Table D2. HEPA Filter Release ( I O  Liter Loadin 

I SviBq Onsite I 
Dose I 

Conversion Sv per Liter I Factor (5924 I Onsite I Bq per liter 1 
ADD B & 

Multiply by 
Release 
Fraction 

From Filter 
(1 E-4) 

(CN-062) 

XIQ (5924 Breathing ingestion Total Dose 
Table 5-2. Rate (5924 Dose ~ r o m  Filter 
Table 5-3) 

(s'm3) 

Section 6.2) Multiplier Release 
(m3/s) (1 1) (5924 (Sv) 

Section 6 2) 

100E-04 I 328E-02 I 333E-04 I 100E*00 I 493E-08 
100E-04 I 222E-05 I 2 57E 04 I 1 10E-00 I 4.42E-11 

Prev ous FS 

) - 
WBq Offsite 

Dose 
Conversion 
'actor (5924 

APP. 6) 

1.00E-08 
3.60E-08 
1.40E-09 
4.00E-09 
4.80E-09 
6.60E-09 
4 60E-09 
5.30E-08 
6.90E-09 
5.00E-05 
4.20E-05 

'OTAL SvIL 

sv 

Results in C 

Sv per Liter 
Offsite 

1.09E-05 
1.25E-05 
4.87E-07 
9.93E-07 
1.24E-05 
5.69E-06 
2.20E-05 
1.73E-04 
1.13E-05 
6.77E+00 
2.78E-01 

7.05E+00 

1 
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x I ~  Breathing Onsite ULD Dose Particulate 
Rate Partition Release 

Rate Fraction 
(Usec) 

Exhaust 

Rate (100% 12 Hrs Consequence 
(m'is) liquids) SvlL sv 

(Llsec) 
(CN-062 
Table 3) 
1.98E+03 1.00E-I0 1.96E-07 4.60E-03 3.33E-04 4.51E+00 43,200 6.16E-08 

Table D3. 12 Hour Unfiltered Release - Onsite (10 Liter Loading) 

.,,,... -"IF .* 2 E; si:: 

Particulate Exhaust 

Rate Partition Release X I 0  

Rate (sim') 
(U?& 

(CN-062 
Table 3) 
1.96E+03 1.00E-10 1.96E-07 4.03E-04 

Fraction 
(Llsec) 

Table D4. Annual Unfiltered Release - Onsite (IO Liter Loading) 

Breathing Onsite ULD Dose 
Rate (100% 6760 Hrs occupancy Consequence Factor 

(mlis) liquids) SvlL S" 

3.33E-04 4.51Ei00 31536000 0.228 8.62E-07 

Multiply by 
Breathing Offsite ULD Ingestion DOE Particulate Exhaust 

(L1sec) Fraction Rate 
(CN-062 
Table 3) 

Rate (100% 24 Hrs Dose Consequence 
Rate Partition Release NQ 

(s1m3) (mais) liquids) SvlL Multiplier sv 
(1 1) 

(Usec) 

. 1.96E+03 1 00E-I0 1.96E-07 4.23E-06 2.57E-04 7.05E+00 66,400 l.lOE+OO 1.44E-I0 
,~~~ 

'I,~,;;,,~,!, 

Table D6. Annual Unfiltered Release - Offsite (1 0 Liter Loading) 
Multiply by 

Breathing Offsite ULD Ingestion Dose 

(m'is) liquids) SvlL Multiplier S" 

Particulate Exhaust 
Rate 

(L1sec) Fraction Rate 
(CN-062 
Table 3) 
1,96E+03 1.00E-I0 1.96E-07 1.47E-07 2.57E-04 7.05E+00 31,536,000 l.lOE+OO 1.83E-09 

Rate (100% 6760 Hrs Dose Consequence 
X I 0  Partition Release 

(Llsec) 
(1 1) 

~ ~ ~ ~ 6 ~ ~ ,  

D-3 



RPP-7396 REV 0 

[Log(2hr)- Log(X/Q 
Log(Xhr)]/ Acute)- 
[Log(2hr)- Log(X/Q 

Log(8760hr)l Chronic) 

Time 

12 hr 0.21369128 1.3678228 
24 hr 0.29635835 2.073231 9 

Table D7. 
Comparison Of Results With 
Previous FSAR Results 
Over Temperature Accident 

Log(X/Q Log(X/Q for X/Q for 
Acute) time X) time X 

-2.0268721 -2.3191639 0.004796 Onsite 
-4.7594508 -5.3738703 4.23E-06 Offsite 

( I O  Liter Loading) 

Previous FSAR Results in Gray 

D-4 
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:/Q (5924 
-able 5-2. 
-able 5-3) 

(s/m3) 

Over Temperature Accident 
(1 Liter Filter Loading) 

Table D9. HEPA Filter Release (1 Liter Loading) 
I 

Multiply by 
Breathing Ingestion 

Rate (5924 Dose 
Section 6.2) Multiplier 

Total Dose 
From Filter 

Release (Sv 
(m3/s) (1.1) (5924 

Section 6.2) 

Liq 
(uCi/ml) 

(PFP 
Data) 

uCi per 
Liter 

Loading 
On Filter 

(L) 

Sv per 
Liter 

- 
3q per lite 

109E+03 
3 48E+02 
3 48E+02 
2 48E+02 
2 59E+O? 
8 62E+02 
4 77E+O? 
3 27E+O? 
1 64E+O? 
135E+O5 
6 62E+O? 

Release 
Fraction 

From Filte 
(1 E-4) 

(CN-062) 

1.0OE-04 
1.00E-04 - 

Onsite Dose 

App.6 8 
ICRP-68) 

I I I 
3 28E-02 I 3 33E-04 I 1 00E-00 I 4.93E-09 
222E-051 257E-04 I 1 lOE+OO I 4.42E-12 

Prev1ot.s FS. 

Sv/Bq Offsite 
Dose 

Conversion 
Factor (5924 

APP 6) 

100E-08 
3 60E-08 
140E-09 
4 00E-09 
4 80E-09 
6 60E-09 
4 60E-09 
5 3OE-08 
6 90E-09 
5 00E-05 
4 20E-05 

TOTAL Svlt 

sv 

< Results in ( 

Sv per Liter 
Offsite 

109E-05 
125E-05 
4 87E-07 
9 93E-07 
124E-05 
5 69E-06 
2 20E-05 
173E-04 
1 13E-05 
6 77E+00 
2 78E-01 

7.0 5 E + 0 0 
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Breathing Onsite ULD Dose Particulate 
Partition Release XIQ 
Fraction Rate (s~m3) 

(Usec) 

Exhaust 
Rate 

(Usec) 
(CN-062 
Table 3) 
1,98E+03 1.00E.10 1.98E-07 4.80E-03 3.33E-04 4,51E+00 43,200 6.16E-08 

Rate (100% 12 Hrs Consequence 
(m31s) liquids) SvIL sv 

. 

Table D10. 12 Hour Unfiltered Release - Onsite (1 Liter Loading) 

~ : ! i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  .i%iii.l ii,” ..,.,.,., . ,,. 

Dose 

s v  

8.62E-07 

Occupancy Breathing Onsite ULD 
Exhaust 

Rate 

(L1sec) Fraction Rate (slm3) (m31s) I,quids, sviL 
(CN-062 
Table 3) 
1.98E+03 1.00E-10 1.98E-07 4.03E-04 3 33E-04 4.51E+00 31536000 0.228 

Particulate 

Rate (100% 8760 Hrs Factor Consequence Partition Release XIQ 

(Llsec) 

Table D11. Annual Unfiltered Release - Onsite (1 Liter Loading) 

.., ,.,., . ,....., . . . 
ii&@wi 

Multiply by 
Breathing Offsite ULD Ingestion Dose Particulate Exhaust 

(Lisec) 
(CN-062 
Table 3) 

1 98E+03 1.00E-10 1.98E-07 4.23E-06 2.57E-04 7.05E+00 86,400 l.lOE+OO 1.44E-I0 

Rate (100% 24 Hrs Dose Consequence Rate Partition Release XIQ 

Fraction Rate (sim3) (m31s) liquids) svlL Multiplier s v  
(1.1) (Usec) 

., ,, ,,, is;@@!!%: 

Table D13. Annual Unfiltered Release - Offsite (1 Liter Loading) 
~ 

Multiply by 
Particulate Breathing Offsite ULD Ingestion Dose 

Exhaust 
Rate 

(CN-OS2 
Table 3) 
1,98E+03 1.00E-I0 1.98E-07 1.47E-07 2.57E-04 7.05E+00 31.536.000 l.lOE+OO 1.83E-09 

Partition Release XIQ Rate (100% 8760 Hrs Dose Consequence 
(L1sec) Fraction Rate (slm’) (m3/s) liquids) SvlL Multiplier SV 

(1.1) (Llsec) 
, ,$_ .ii,i ,:,,.. ?#+ 
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Onsite 
HEPA + 

12 hr (Sv) 

6.66E-08 

Onsite Offsite 
Offsite HEPA + HEPA + HEPA + 

Annual 
24 hr (Sv) 

Annual 
(SV) (SV) 

8.67E-07 1.49E-10 1.83E-09 
I I I 

1.77E-04 I 2.10E-03 I 2.44E-07 I 2.37E-06 
Previous FSAR Results in Gray 

D-7 



Tablt - 
Liq 

(uCi/rnl) 
(PFP 
Data) 

- 
- 
- 

Loading 
On Filter 

(L) 

- 
100 
100 
- - 

RPP-7396 REV 0 

Over Tern pera t u re Accident 

D15 - 
uCi per 

Liter 

- 
! 94E-02 
3 40E-O? 
3 40E-02 
i 71 E-O? 
' 01 E-02 
! 33E-02 
l29E-01 
% 84E-02 
I43E-02 
,66E+O( 

- 
- 
- 
- 
- 
- 
- 
- 
- 
179E-01 - 

- 
- 
- 
- 

Sv per 
Liter 

- 
I51E+Ol 
' 05E+Ol 
- - 

(100 Liter Filter Loading) 

HEPA Filter Release f 100 Liter Loading) 

Onsite Dose 

Bq per liter 

App.8 R 
ICRP-68) 

TOTAL SvlL 4.51E+00 d 
Multiply by 

Release 
Fraction 

(1 E-4) 
(CN-062) 

X/Q (5924 Breathing Ingestion Total Dose 
Table 5-2. Rate (5924 Dose From Filtei 
Table 5-3) Section 6.2) Multiplier Release 

(rn3/s) (1.1) (5924 (Sv) 
Section 6.2) 

(s/rn3) 

I I I I 
1.00E-04 1 3.28E-02 I 3.33E-04 I l.OOE+OO I 4.93E-07 
1.00E-04 I 2.22E-05 I 2.57E-04 I l.IOE+OO I 4.42E-10 

Previous FS 

Offsite 
Conversion 

Factor (5924 

TOTAL SvlL 7.05E+00 =i- 
s v  

D-8 
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Breathing Onsite ULD Dose Particulate 
Partition Release XI0 
Fraction Rate (slm’) 

(Llsec) 

Exhaust 
Rate 

(Llsec) 
(CN-062 
Table 3) 
1,98E+03 1.00E-10 1.98E-07 4.80E-03 3.33E-04 4.51E+00 43,200 6.16E-08 

Rate (100% 12 Hrs Consequence 
(m’is) liquids) SvlL s v  

Table D16. 12 Hour Unfiltered Release - Onsite ( I00 Liter Loading) 

i: :,ssf$@p 
Wj));+ :i ;ssj$!: 

Exhaust 
Rate 

(Llsec) 
(CN-062 
Table 3) 
1.98E+03 1.00E-10 1.98E-07 4.03E-04 3.33E-04 4.51Et00 31536000 0.228 8.62E-07 

Dose 
Consequence 

sv 
Occupancy 

Factor 

Breathing Onsite ULD 
Rate (100% 8760 Hrs 

(m31s) liquids) SvIL 

Particulate 
Partition Release XIQ 
Fraction Rate (slm’) 

(Lisec) 

Table D17. Annual Unfiltered Release - Onsite (1 00 Liter Loading) 

&%&@$I: ,_li .,.,.,, ,., , 

XIQ 
(sim’) 

Table 018. 24 Hour Unfiltered Release - Offsite (I00 Liter Loading) 

Breathing Offsite ULD Multiply by Dose 
Rate (1 00% 24 Hrs Ingestion Dose Consequence 

(m’is) liquids) SvlL Multiplier (1 . l )  S” 

Exhaust 
Rate 

(CN-062 

Partition 
Fraction 

Table 3) 
I I 

1.98E+03[ 1.00E-10 I 1.98E-07 

Particulate 
Release 

Rate 
(Usec) 

Breathing Offsite ULD Multiply by Dose Exhaust Particulate 

(Usec) 
(CN-062 
Table 3) 
1.98E+03 1.00E-10 1.98E-07 1.47E-07 2.57E-04 7.05E+00 31,536,000 l.lOE+OO 1.83E-09 

Rate (100% 8760 Hrs Ingestion Dose Consequence Rate Partition Release XIQ 

(m3/s) liquids) SvlL Multiplier (1 1) sv Fraction Rate (slm’) 
(Llsec) 

I I I I I ,. . .,. . .,.. . 
4.23E-06 I 2.57E-04 I 7.05E+00 I 86.400 I l.lOE+OO I 1.44E-10 ~~~~~~~ 

@@@$ 

Table D19. Annual Unfiltered Release - Offsite (I00 Liter Loading) 

D-9 
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Table D20. 
Comparison Of Results With 
Previous FSAR Results 
Over Temperature Accident 
(100 Liter Loading) 
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1 Liter 
10 Liters 

100 Liters 

Table D21. Summary Of Results 
Over Pressure Accident 

Onsite Offsite 
Offsite HEPA + 

Annual 
HEPA + HEPA + 

24 hr (Sv) Annual 
(SV) 

Onsite 
HEPA + 

12 hr (Sv) 
(SV) 

5.55E-07 1.35E-06 5.87E-10 2.27E-09 
4.99E-06 5.79E-06 4.57E-09 6.25E-09 
4.93E-05 5.01E-05 4.44E-08 4.61 E-08 

D-I1 



RPP-7396 REV 0 

- 

- 
Onsite 
Offsite 
- - 

-F I ,  

I a m  - 
Liq 

(uCi/ml) 
(PFP 
Data) 

- 
- 
!.94E-05 
3.40E-OE 
3.40E-OE 
5.71E-OE 
7.OIE-05 
?.33E-05 
1.29E-04 
3.84E-05 
1.43E-05 
3.66E-0: 
1.79E-04 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 

Loading 
On Filter 

(L) 

- 
10 
10 
- - 

Over Pressure Accident 
( I O  Liters Filter Loading) 

D22. HEPA Filter Release (1 0 Liter Loading) 
7 

uCi on 
Filters for 

Liter 

- 
2 94E-0 
9 40E-0 
9 40E-0 
6 71E-0 
7 01E-0 
2 33E-0 
129E-0 
8 84E-0 
4 43E-0 
3 66E+O 
179E-0 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 

Sv per Li' 

- 
4.51E+C 
7.05E+C 
- - 

Bq on 
Filters for 1 

Liter 

Re I e as e 
Fraction 

From Filter 
(1 E-2) 

(CN-063) 

1.00E-02 
100E-02 
7 

Sv/Bq 
Onsite Dose 
Conversion 
Factor (592r 

ICRP-68) 
~ p p . ~  a 

---+--- 
170E-08 
3 OOE-08 
170E-09 
3 20E-09 
3 30E-09 
9 69E-09 
6 70E-09 
3 50E-08 
4 70E-09 
3 20E-05 
2 70E-05 

TOTAL Svll 

XIQ (5924 Breathing 
Table 5-2, Rate (5924 
Table 5-3) Section 6 2:  

(s/rn3) (m3/s) 

I I Sv/Bq Offsite 
Dose 

Conversion 
Factor (5924 

Sv for 1 
.iter Onsite 

APP. B) 

TOTAL SvlL 

Multiply by 

section 6.2) 

Sv for 1 Lite 
Offsite 

1.09E-05 
1.25E-05 
4.87E-07 
9.93E-07 
1.24E-05 
5.69E-06 
2.20E-05 
1.73E-04 
1.13E-05 
6.77E+00 
2.78E-01 

7.05E+00 

D-I2 
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Breathing Onsite ULD Dose Particulate Exhaust 

Rate (100% 12 HE consequence 
Rate Partition Release XIQ 

(m’ls) liquids) SvlL SV 
Fraction Rate (LIS@ 

(Llsec) (CN-062 
Table 3) 
1.98Ei03 1.00E-10 1.98E-07 4.80E-03 3.33E-04 4.51E+00 43,200 6.17E-08 

Table D23. 12 Hour Unfiltered Release - Onsite (1 0 Liter Loading) 

~~~~~~~~~~~~~~ I: .,.., s,,,..,!:.:. 

Breathins Onsite ULD Particulate Exhaust 

(L1sec) Fraction Rate 
(CN-062 
Table 3) 
1,98E+03 1.00E-10 1.98E-07 4.03E-04 3.33E-04 4.51E+00 31536000 0.228 

Rate (100% 8760 Hrs occupancy 
Rate Partition Release XIQ 

(slm’) (m’is) liquids) SvlL 
(Llsec) 

Table D24. Annual Unfiltered Release - Onsite (1 0 Liter Loading) 

Dose 
consequence 

S” 

Multiply by 
Ingestion 

Multiplier (1.1) 

Breathing Offsite ULD 

(m’ls) liquids) SvlL 

Particulate Exhaust 

Rate (100% 24 Hrs 
Rate partition ~ e ~ e a s e  XIQ 

Fraction Rate (Llsec) 

(L lSK)  (CN-062 
Table 3) 
1,98E+03 1.00E-10 1.98E-07 4 23E-06 2.57E-04 7 05E+00 86,400 1.1 

Table D25. 24 Hour Unfiltered Release - Offsite (IO Liter Loading) 

consequence 
S” 

Multiply by 
Ingestion 

Multiplier (1.1) 

Breathing Offsite ULD 

(s/m3) (m’ls) liquids) SvlL 

Pafiiculale 
Partition Release XIQ 

(Llsec) 

Exhaust 
Rate 

(Lisec’ Fraction Rate 
(CN-062 

Rate (100% 8760Hrs DOSe consequence 
S” 

Table 3) 
1,98E+03 1.00E-10 1.98E-07 1.47E-07 2.57E-04 7.05E+00 31,536,000 1.1 1.83E-09 

Table D26. Annual Unfiltered Release - Offsite (IO Liter Loading) 

...,. ... . 
) ,  a[# ..,. 
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Table D27. 
Comparison Of Results With 
Previous FSAR Results 
Over Pressure Accident 
( I O  Liter Loading) 

Previous FSAR Results in Gray 

D-14 
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Over Pressure Accident 
(1 Liter Filter Loading) 

Table D28. HEPA Filter Release (1 Liter Loading) 

Loading 
On Filter 

Onsite 
nffqite 1 

- 
UCI on 

Filters foi 
1 Liter 

- 
294E-02 - 
9 40E-02 
9 40E-02 
6 71 E-O? 
7 01 E-02 
2 33E-02 
129E-01 
8 84E-02 
4 43E-02 

179E-01 

- 
- 
- 
- 
- 
- 
- 
366E+O( - 
- 

- 

Sv per 
Liter 

- 
4.51E+Of 
7.05E+Of 
- - 

Sv/Bq Onsite 
Dose 

Conversion 
Factor (5924 

App.6 8. 
ICRP-68) 

Bq on 
ilters for 1 

Liter ' 
109E+03 170E-08 
3 48E+02 3 00E-08 
3 48E+02 170E-09 
2 48E+02 3 20E-09 
2 59E+03 3 3OE-09 
3 62E+02 9 69E-09 
177E+03 6 70E-09 
3 27E+03 3 50E-08 
164E+03 4 70E 09 
135E+05 3 20E-05 
5 62E+03 2 7OE-05 

TOTAL SvlL 

Release 
Fraction 

''Om Filter 
(1 E-2) 

(CN-063) 

X/Q (5924 Breathing 
Table 5-2, Rate (5924 
Table 5-3) Section 6.2) 

(sin17 (m3/s) 

- 
Sv for 1 

iter Onsitr 

8 56E-06 

0.51 E+OO 

dultiply by 
Ingestion Total Dosf 

Dose From Filte 
Multiplier Release 
1 1) (5924 (Sv) 
ection 6 2) 

Previous F: 

'0s' I s v  for 1 Lite 
Conversion 

Factor (5924 
Offsite 

App.'B) I 

s v  

D-IS 
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Onsite ULD 
Particulate xlQ Breathing Dose 

SVIL 

Exhaust 

Release (Llsec) 
Fraction (s/rn’) 

(CN-062 Rate (Llsec) (rn3/s) 
Table 3) 
1.98E+03 1.00E-10 1.98E-07 4.03E-04 3.33E-04 4.51E+00 31536000 0.228 

(loo% 8760 Hrs oc:I:T Consequence 
SV 

Rate liquids) 
Rate Partition 

8.62E-07 ~ 

Table D29. 12 Hour Unfiltered Release - Onsite (1 Liter Loading) 

‘$#$&@X * .,., ...,,.,.. 8.;: 

Exhaust 

(L1sec’ 
(CN-062 
Table 3) 

Breathing Rate Particulate Dose 
Onsite ULD 

(”’% 
liquids) 

SVIL 

Rate 12 Hrs Consequence 
Partition 
Fraction Release 

sv Rate (Llsec) (rn3/s) 

Multiply by 
Ingestion Dose 

Offsite ULD 
(100% 

SVIL 

Exhaust 

Partition 
(L1sec) Fraction 

(CN-062 
Table 3) (1.1) 
1.98E+03 1.00E-I0 1.98E-07 4.23E-06 2.57E-04 7.05E+00 86.400 1.1 1.44E-10 

24 Hrs Dose Consequence 
Rate Particulate xIQ Breathing 

Rate (Llsec) (rn3is) Multiplier sv 
Rate liquids) Release 

Table D30. Annual Unfiltered Release - Onsite (1 Liter Loading) 

&a&&$:, .. . . ., ... , . 

Exhaust Offsite ULD 

(L1sec) Fraction 
(CN-062 
Table 3) 
1.98Et03 1.00E-10 1.98E-07 1.47E-07 2.57E-04 7.05E+00 

Rate Particulate XIQ Breathing 
(looo’ 

(sirn’) Rate liquids) 
Partition Release 

(rn3is) SVIL Rate (Llsec) 

Multiply by 
Ingestion Dose 

8760 Hrs Dose Consequence 
Multiplier SV 

(1.1) 
31,536.000 1.1 

Table D32. Annual Unfiltered Release - Offsite (1 Liter Loading) 
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Table D33. 
Corn pa rison Of Res u I ts With 
Previous FSAR Results 
Over Pressure Accident 
(1 Liter Loading) 

Previous FSAR Results in Gray 

D-17 
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Over P ressu re Accident 
(100 Liter Filter Loading) 

Table D34. HEPA Filter Release (100 Liter Loadin! 
Sv/Bq 

Onsite Dose 
Conversion Sv for 1 Liter 

Factor (5924 Onsite 
App.B & I ICRP-68) I 

I I 

I I 
I I I I I 

I 

I I I I I I 

Multiply by 
Release 
Fraction 

From Filter 
(L) (1 E-2) 

(CN-063) 

X i 0  (5924 Breathing Ingestion Total Dose 
Table 5-2. Rate (5924 Dose From Filtei 
Table 5-3) Section 6 2) Multiplier Release 

(s/m3) (rn3/s) (1 1) (5924 (W 

Loading sv per 
On Filter 

Section 6 2) 
I I I I I I 

100 14.51E+001 1.00E-02 I3.28E-021 3.33E-04 I I.OOE+OO I 4.93E-05 
100 17.05E+001 1.00E-02 I2.22E-051 2.57E-04 I l.IOE+OO I 4.42E-08 

Previous F: 

SviBq Offsite 
Dose 

Conversion 
Factor (5924 

APP B) 

1 00E-08 
3 60E-08 
140E-09 
4 00E-09 
4 80E-09 
6 60E-09 
4 60E-09 
5 30E-08 
6 90E-09 
5 00E-05 
4 20E-05 

TOTAL SvlL 

sv 

R Results in 

Sv for 1 Liter 
Offsite 

1.09E-05 
1.25E-05 
4.87E-07 
9.93E-07 
1.24E-05 
5.69E-06 
2.20E-05 
1.73E-04 
1.13E-05 
6.77E+00 
2.78E-01 

7.05E+00 
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Exhaust 

(Llsec) 
(CN-062 
Table 3) 
1.98Et03 1.00E-10 1.98E-07 4.80E-03 3.33E-04 4.51€+00 43,200 6.17E-08 

Breathing Onsite ULD Dose 

(m31s) liquids) SvlL sv 

Particulate 

Fraction Rate (s lm3)  
(Llsec) 

Rate (100% 12 Hrs Consequence Rate Partition Release XIQ 

Table D35. 12 Hour Unfiltered Release - Onsite ( I00 Liter Loading) 

;$,lil(#& 

Dose Occupancy 
Breathing Onsite ULD Particulate 

Fraction Rate (slm’) 
(Llsec) 

Exhaust 

(LIS%) 
(CN-062 
Table 3) 
1,98E+03 1.0OE-10 1.98E-07 4.03E-04 3.33E-04 4.51Et00 31536000 0.228 8.62E-07 

Rate (100% 8760 Hrs Factor Consequence Rate Partition Release X W  

(m3is) liquids) SvlL sv 

Table D36. Annual Unfiltered Release - Onsite (1 00 Liter Loading) 

I,i%$%&@@,,: 

txnausr 
Rate 

(L1sec) 
(CN-062 
Table 3) 
1.98Ei03 

Table D37. 24 Hour Unfiltered Release - Offsite (I00 Liter Loading) 

Breathing Offsite ULD Multiply by Dose Particulate 
Partition Release WQ 
Fraction Rate (sim’) 

(Llsec) 

1.00E-I0 1.98E-07 4.23E-06 2.57E-04 7.05E+00 86.400 1 1  1.44E-10 , ‘&4&@ 

Rate (100% 24 Hrs Ingestion Dose Consequence 
(m’is) liquids) SvlL Multiplier (1.1) S” 

Breathing Offsite ULD Multiply by Dose Particulate Exhaust 
Rate 

(Llsec) 
(CN~062 
Table 3) 
1,98E+03 1.00E-10 1.98E-07 1.47E-07 2.57E-04 7.05E+00 31,536,000 1.1 1.83E-09 

Rate (100% 8760 Hrs Ingestion Dose Consequence Partition Release N Q  

Fraction Rate (s1m3) (m31s) liquids) svlL Multiplier (1.1) sv 
(Usec) - 

Table D38. Annual Unfiltered Release - Offsite ( I00 Liter Loading) 

,., ,, ,.. ,. .,. .,. . 
,,;&%&@& . .  
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Table D39. 
Comparison Of Results With 
Previous FSAR Results 
Over Pressure Accident 
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1 Liter 
10 Liters 
100 Liters 

Table D40. 
Summary Of Results 
Steam Intrusion Accident 

Onsite (Sv) Offsite (Sv) 

3.95E-07 7.96E-10 
1.26E-06 2.54E-09 
9.90E-06 1.99E-08 

D-2 1 
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Amount of 
Headspace Amount of 

Material Material Fraction for 
Released (L) Assumed on Filters (CN-044 

Release Amount Of Material 
Released 

from Filters 
( 4  (CN-044 Filters (L) PS 13) 

~g .14 )  

3.1 1 E-02 10 1.00E-02 1.00E-01 

Steam Intrusion Accident 
( I O  Liter Filter Loading) 

Total Amount of 
Material 

Released in 
Accident (L) 

1.31 E-01 

Table D41. Material Released ( I O  Liter Loading) 

X/Q Onsite Breathing Rate 
100% Liquid 
ULD Onsite 

(SVIL) 

Material (5924 Table Onsite (5924 
Section 6.2) Released (L) 5-29 

(s/m3) (m3/s) 

1.31E-01 6.39E-03 3.33E-04 4.51 

Dose 
Consequence 

Onsite (Sv) 

X/u Offsite Breathing Rate 
100% Liquid Multiply by Dose 
ULD Offsite ingestion Dose Consequence 

(Sv/L) Multiplier (1.1) Offsite (Sv) 

Material (5924 Table Offsite (5924 
Section 6.2) Released (L) 5-3) 

(s/m3) (m3/s) 

2.54E-09 1.31E-01 9.70E-06 2.57E-04 7.05 1.1 OE+OO il/ 
,,I @ $9" , 

[Log(2hr)- Log(X/Q Acute) Log(X/Q 
Log(Xhr)l/ for X/Q for time x 

Chronic) [Log(Zhr)- 
Log(8760hr)l 

Acute) time X) Time 

335 minutes 0 12236918 1 367822807 -2 02687215 -2 194251503 6 3936E-03 
335 minutes 0 12236918 2 073231914 -4 75945075 -5 013150442 9 7017E-06 

D-22 
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Amount of 
Headspace Amount of Release 

Material Material Fraction for 
,- 

(CN-044 
PS 13) 

PY ' - J  I 

311E-02 1 1 100E-02 

Steam intrusion Accident 
(1 Liter Filter Loading) 

Amount of 
Total Amount of 

Material 
Material 

Released Released in 
Accident (L) 

from Filters 
(L) 

100E-02 4 1 1 E-02 

Released (L) Assumed on1 I ("-00 1 Filters(L) 
r i i w s  

X/Q Onsite Breathing Rate 
100% Liquid 
ULD Onsite 

(SV/L) 

Material (5924 Table Onsite (5924 
Section 6.2) Released (L) 5-2) 

(s/m3) (m3/s) 

Loading ) 

Dose 
Consequence 

Onsite (Sv) 

X I Q  Offsite Breathing Rate 
100% Liquid Multiply by 
ULD Offsite Ingestion Dose 

(Sv/L) Multiplier (1.1) 

Material (5924 Table Offsite (5924 
Section 6.2) Released (L) 5-3) 

(s/m3) (m3/s) 

4.11E-02 9.70E-06 2.57E-04 7.05 I.lOE+OO 

D-23 

Dose 
Consequence 

Offsite (Sv) 

7.96E-I 0 



RPP-7396 REV 0 

Amount of 
Material 

Amount of 
Headspace 

Released (L) on Filters Filters (CN-044 from Filters 

Amount of Release 
Material 

Assumed 

(L) 

Material Fraction for 

(CN-044 
(L) Pg 13) 

~ g . 1 4 )  

3.1 1 E-02 100 1.00E-02 1.00E+00 

Steam Intrusion Accident 
(1 00 Liter Filter Loading) 

Total Amount of 
Material 

Released in 
Accident (L) 

1.03E+00 

XIQ Offsite Breathing Rate 
100% Liquid Multiply by Dose 
ULD Offsite Ingestion Dose Consequence 

Material (5924 Table Offsite (5924 
Section 6.2)  

Released (L) 5-3) (Sv/L) Multiplier (1.1) Offsite (Sv) 
(s/m3) (m3/s) 

1 C~gE.08 1.03E+00 9.70E-06 2.57E-04 7.05 l.lOE+OO 
,,,, , ,. . ,,. ,. .,. ,. ., 
~~~~~~~~~~, i; .. .:si .,...,. ,...) ., , ., ,;,d. 
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[y[ ] [ ] 

if [ ] [ ] 
*[ ] [ ] 
[<I ] [ ] 

[ ] 
[ ] [ ] [w [ ] [ ] 
[ ] [ ] 

[..I‘ [ 3 [ ] 

&[ ] [ ] 
[ ] [ 3 [p Software input is correct and consistent with the dowment reviewed. 
[ ] [ ] [\3Qu Sohare  output is consistent with the input and with the results reported in the 

[ ] [ ] [d Limitdcriteridguidelines applied to the analysis results are appropriate and 

[ ] [ ] [# Safety margins are consistent with good engineering practices 
[w [ ] [ 3 [v[ ] [ ] 
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[Jfr] [ I  Concurrence 

Previous reviews are complete and cover the analysis, up to the scope ofthis 
review, with no gaps. 
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Necessary assumptions are explicitly stated and supported 
Computer codes and data files are documented 
Data used in calculations are explicitly stated. 
Data were checked for consistency with original source information as applicable. 
Mathematical derivations were checked including dimensional consistency of 
results. 
Models are appropriate and were used within their established range of validity or 
adequate justification was provided for use outside their established range of 
validity. 
Spreadsheet results and all hand calculations were verified. 

T* 

document reviewed. - ~ w - ~ J I v - I ~  - d c J  r*c n v i d  bf Me . 
referenced. Limitdcriteridguidelines were checked against references. 

Conclusions are consistent with analytical results and applicable limits 
Results and conclusions address all points in the purpose. 
The document was prepared in accordance with HNF-2353, Section 4 3, 
Attachment B, “Calculation Note Format and Preparation Instructions” 
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