S Z#@
DEC 11 2000

ENGINEERING DATA TRANSMITTAL

Page 1 of __|

625145

1. EDT

2. Ta: (Receiving Organization)

Nuclear Safety & Licensing

3. From: {Originating Organization)

Safety Analysis

4. Related EDT No.:
N/A

5. Proj./Prog./Dept./Div..
FSAR

6. Design Authority/Design Agent/Cog. Engr
B.D. Zimmerman

7. Purchase Order No.:

N/A
8. Equip./Component No.

8. Originator Remarks:

Calculation notes are used to document the originator's analysis but
are not to be used as the final or sole document to authorize
activities or justify facility modifications.

N/A
10. System/Bldg./Facility:

Tank Farms
12. Major Assm. Dwg. No.:

11. Receiver Remarks: 11A. Design Baseline Document? [] Yes % No N/A
13. Permit/Permit Application No.:
N/A
14. Required Response Date:
N/A
15, DATA TRANSMITTED (] (&) H (')
Origi- | Receiv-
A Approval| Reason 9
Iger)n (B) Document/Crawing No. (C)ng'ea (DkFéev. (E) Title or Description of Data Transmitted Bgsm— ffor Trans- Slgtotl;- Dicoo-
No. : ' nator | mittal | ~gebo" | iERO
1 RPP-7396 0 Plutonium Finishing Plant NA 2 1

Waste Composition and

High-Efficiency

Particulate Air Filter

Loading

16.

KEY

Approval Designator (F)

Reason for Transmittal (G)

Disposition (H) & (1)

E S, Q DORNA pproval 4. Review 1. Approved 4. Reviewed no/comment
(See 'WHC-CM-3-5, ease 5. Post-Review . 2. Approved w/comment 5. Reviewed wicomment
Sec. 12.7) 3 Informat:on 6. Dist. (Receipt Acknow. Required) 3. Disapproved w/comment 6, Receipt acknowledged
17 SIGNATURE/DISTRIBUTION
: (See Approval Designator for required signatures)
G
9. [gg% (J) Name (K) Signature (L) Date (M) MSIN s{ea- D(-':;)a (J} Name (K) Signature (L) Date (M) MSIN
son
Design Authority
Design Agent zi-44
2 1 |Cog.Eng. B.D. Zimmermarimm [a_h,lm
2 1 | Cog. Mgr. R.@M/‘rﬁo w)-4
QA
Safety
Env.
18. 21. DOE APPROVAL (if required)
. Ctrl No.
IR ) %’; [é | /2/;/€¢, [ Approved
HIW, of EDT ale Authorized Representative Date~ g o] uth i [J Approved wicomments
Origingtor for Receiving Organization oghizan anager [ Disapproved wicomments

BD-7400-172-2 (10/97)

BD-7300-172-1




DISTRIBUTION SHEET

lgstribution Ezgzty Analysis Page 1 of 1
Project Title/MWork Order _ Date Dec. 6, 2000
RPP-7396, Rev. 0 EDT No. 625145
ECN No.
Name MSIN Wit Text Only A?at;t:aeﬂ:iilx EDT/ECN
Attach. Only Only
R.J. Cash R1-44 W X
W.L. Cowley R1-44 X
J.M. Grigsby R1-44 X
G.L. Jones R1-44 X
J.E. Meacham R1-49 X
G.W. Ryan . B4-47 X
R.G. Stickney R1-43 X
J.C. Van Keuren B4-47 X
B.D. Zimmerman (3 copies) R1-49 X
E‘ ;_‘_.(.,7 Loorn H2-53

<

A-6000-135 (10/97)




RPP-7396, Rev. 0

PLUTONIUM FINISHING PLANT WASTE
COMPOSITION AND HIGH-EFFICIENCY
PARTICULATE AIR FILTER LOADING

BE.D. Zimmerman

Richland, WA 98352
U.S. Department of Energy Contract DE-AC06-99RL14047

EDT/ECN: 625145 uc:
Cost Center. 101950 Charge Code: gmao

B&R Code: Total Pages: % ozlfa.«/ )

Key Words: Tank Farms, HEPA filter, A.C. 5.18, PFP, 244-TX, DCRT, Source
Term, A.C. 5.8, Accident Analysis

Abstract: This analysis evaluates the effect of the PFP waste isotopic
composition on Tank Farms FSAR accidents involving HEPA filter failure
in Double-Contained Receiver Tanks (DCRTs). The HEPA Filter Failure -
Expogsure to High Temperature or Pressure, and Steam Intrusion From
Interfacing Systems accidents are considered. The analysis concludes
that dose consequences based on the PFP waste isotopic composition are
bounded by previous FSAR analyses. This supports USQD TF-00-0768.

TRADEMARK DISCLAIMER. Reference herein to any specific commercial preduct, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof or its confractors or subcontractors.

Printed in the United States of America. To obtain copies of this document, contact: Document Control Services,
P.O. Box 950, Mailstop H8-08, Richland WA 99352, Phone (509) 372-2420; Fax (509) 376-4989.

DATE: HANFCRD
8TA; ,4 RELEADT

L

Date Release Stamp

elease Approval

Approved For Public Release

A-6002-767 (10/99)




RECORD OF REVISION

(1) Document Number

RPP-7396
Page _1

(2) Title

Plutonium Finishing Plant Waste Composition and High-Efficiency Particulate Air Filter
Loading

Change Control Record
o Authorized for Release
(3) Revision (4) Description of Change - Replace, Add, and Delete Pages

{5) Cog. Engr.

6) Cog. Mgr. Date

555 (7)
0 New document released via EDT #625145

=3
B%e r

sl e

A-7320-005 (10/97}




RPP-7396 REV 0

PLUTONIUM FINISHING PLANT WASTE COMPOSITION AND
HIGH-EFFICIENCY PARTICULATE AIR FILTER LOADING

December 2000




RPP-7396 REV 0

This page intentionally left blank.




1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

m g 0O W

RPP-7396 REV 0

CONTENTS

INTRODUCGTTION.......cccutiiiiitientrs e eete st ete s s ssee st e baes e sveesasesaabbeessassassserbassnersnerasensins 1
SCOPE OF ANALYSIS L.t et ettt n s g ean e es e 1
ACCIDENT SCENARIOS ..ottt e e e sr et e ae s 2
3.1  HIGH-EFFICIENCY PARTICULATE AIR FILTER FAILURE —

EXPOSURE TO HIGH TEMPERATURE OR PRESSURE ..........c.ociciviiianenne 2
3.2  STEAM INTRUSION FROM INTERFACING SYSTEMS.......ccoiiiiiiiiivrenn 2
ANALYSIS METHODOLOGY ....ooviiieicieieiinirtsteesns s e reesrsessseasesseesaessessnscnesbeesassnees 3
4.1 DOSE CONSEQUENCE CALCULATIONS ..ot ereeesreeineses e 3

4.1.1 High-Efficiency Particulate Air Filter Failure — Exposure to High

Temperature OF PIESSUTE.......ccooiiiiiiriee v saee et saassrne s 3

4.1.2 Steam Intrusion from Interfacing Systems .......ccocvvivvivirenvciecie e 4
4.2  WASTE LOADING ON HIGH-EFFICIENCY PARTICULATE AIR

FILTER AND PREFILTER CORRESPONDING TO 200 MREM/H................... 4
INPUT ASSUMPTIONS AND BASES ................ SRS UR O PO TORRFURRRPI 5
RESTULTS ettt ettt e aeeab e e st e s ar e s rr e s e st eebsen s aeste s arnnsesmesbaesseanean 7
CONCLUSIONS ettt sttt s tee et s e ess e st e aese e sreantssaeebansassanentes 8
REFERENCES ... ettt ettt st st s a s saa s nsen et e s aa et e sarennas 8

APPENDICES

PLUTONIUM FINISHING PLANT WASTE ISOTOPIC COMPOSITION

MICROSHIELD RESULTS FOR PLUTONIUM FINISHING PLANT WASTE......... B-i

RADIOLOGICAL SURVEY REPORT ...ttt e C-i

DETAILED CALCULATIONS ...ttt sttt sve s sas s D-i

PEER REVIEW CHECKLIST ......cooiiiiiiiin ittt nes e s ensessanes s on E-i
il




RPP-7396 REV 0

TABLES
Table 1. Summary of Input Parameters............ccociviiiiniiinicciiii e 6
Table 2. High-Efficiency Particulate Air Filter Failure — Exposure to High
TEIMPEIALULE. ...ooiviiiiititiiieieeeece ettt s e bbb s e b e e s b e s e s st s se s b s 7
Table 3. High-Efficiency Particulate Air Filter Failure — Exposure to High Pressure................. 7
Table 4. Steam Intrusion from Interfacing SYSIEMS....cccocuvirmmmrrriniiniicniircesciris st 8
iv




AC
DCRT
FSAR
HEPA
PFP

RPP-7396 REV 0

TERMS

Administrative Control
Double-Contained Receiver Tank
Final Safety Analysis Report
high-efficiency particulate air
Plutonium Finishing Plant




e ey e i

RPP-7396 REV 0

This page intentionally left blank.

vi

s e A



RPP-7396 REV 0

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 Remediation 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 mrem/h 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
Screening/Determination 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, In-Tank Fuel Fire/Deflagration, 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

1
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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 213-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

41 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

Donsite acute = Q(L) *RF * X/Q'(S/’ITP) * BR(ITI3/S) * ULD(SV/L)
Doffsite acute = Q(L) * RF * X!Q'(Sfm3) * BR(IDB/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)
XQ = 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.)
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Dose in Sieverts from Unfiltered Releases

Q(L/s) * PF * X/Q'(s/m®) * BR(m’/s) * ULD(Sv/L) * time

Q(L/s) * PE * X/Q'(s/m®) * BR(m’/s) * ULD(Sv/L) * time * OF
Q(L/s) * PE * X/Q'(s/m®) * BR(m?/s) * ULD(Sv/L) * time * 1.1
Q(L/s) * PF * X/Q'(s/m”) * BR(m’/s) * ULD(Sv/L) * time * 1.1

Donsitc 12 hour
Donsite 1 year
Doffsir.e 24 hour
Doisite 1 year

L T I ||

where
D = committed effective dose equivalent to receptor
Q = ventilation system exhaust rate
PF = fraction of ventilation system exhaust that is waste
XQ = integrated atmospheric dispersion coefficient
BR = breathing rate
ULD = committed effective dose equivalent per liter inhaled
time = duration of the assumed release
OF = 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 Steam Intrusion from Interfacing Systems

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 Headspace Release

Donsiee = Q(L) * X/Q'(s/m3) * BR(m3/s) * ULD(Sv/L)
Dorsite = Q(L) * X/Q'(s/m3) * BR(m3/s) * ULD(Sv/L) * 1.1

where
D = committed effective dose equivalent to receptor
Q = liters of respirable tank waste released
XQ = integrated atmospheric dispersion coefficient (corresponds to 335 minutes)
BR = breathing rate
ULD = committed effective dose equivalent per liter inhaled

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.)

42  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

4




RPP-7396 REV 0

prefilter loading estimates provided by MICROSHIELD Dose Rate Calculations for HEPA
Filters and Prefilters (WHC-SD-WM-CN-033). This reference presents the results of
calculations using the Microshield™ 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 mrenmvh 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 mrerm/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 *107 L,
As the resulits 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

™ Microshield is a trademark of Grove Engineering, Inc.
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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 | 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.

Table 1. Summary of Input Parameters.

------- _Source | Release’ | Partition (| Atmosheric | g
3 | Locatlon c L i (RF) Gk | (PE).- ;:- _ Co(;ggl’;nt b
Mfiters) | (headspace) |~ (g 1
High Temperature or Pressure
Onsite—Acute 1/16/100 (L) 1| EE‘;_" - 3.28 B2 3.33 E-4 4.51
Onsite—12 Hour | OB E+3 - | E-10° 4.80 E-3 333 E-4 4.51
(L/s)
Onsite—1 Year .98 E+3 - 1 E-10° 4.03 E-4 333 E-4 451
(L/s)
. 1E-4/
Offsite—Acute 1/10/100 (L) | o - 222 EB-5 2.57E-4 7.05
Offsite—24 1. 98 E+3 .
Hour (L/s) - ] E-10 423 B-6 2.57 B-4 7.05
Offsite—1 Year 1.98 E+3 - 1 E-10F 1.47 E-7 2.57E-4 7.05
(L/s)
Steam Injection
4.11 B2
Onsite 1.31 E-1 1 E-2 1 E-8¢ 6.39 E-3 333 E-4 4.51
1.03° (L)
4.11 E-2
Offsite 1.31 E-I 1 E-2 | E-g¢ 9.70 E-6 2.57E-4 7.05
1.03°(L)

*1 E-4 for high temperature, 1 E-2 for high pressure.

These values correspond to 1, 10, and 100 liters of filter loading. They already include the release fraction of 1 E-2
and the partition fraction of 1 E-8. One headspace for a half-fuit double-shell tank is assumed to be vented.

“These partition fractions represent the portion of the ventilation flow rate that is released as contaminated air,
“These partition fractions represent the portion of headspace volume that is released as contaminated air,
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6.0 RESULTS

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

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

Deose Consequence

Onsite HEPA Onsite HEPA - | Offsitt HEPA | Offsite HEPA

Filter Release + | Filter Release + -| Filter Release + | Filter Release +
12 Hour 1 Year 24 Hour + 1Year

_ Exposire (Sv) - Exposure (Sv) Exposure (Sv): Exposure (Sv)
1 L Total Filter Loading 6.66 E-8 8.67 E-7 1.49 E-10 1.83E-9
10 L Total Filter Loading .11 E-7 9.11 E-7 1.88 E-10 1.87 E-9
100 L Total Filter Loading 555E-7 1.35 E-6 5.87 E-10 2.27E-9
Previous Results” 1.77E-4 216 E-3 2.44 E-7 2.37E-6

"WHC-SD-WM-CN-062, 1996, HEPA Filter Failure by Fire or Heater Overtemperature and Subsequent
Unfiltered Release, Rev, 2, Duke Engineering & Services Hanford, Richland, Washington.

HEPA = high-efficiency particulate air,

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

to High Pressure.

Dose Consequence

Offsite HEPA

~ Onsite HEPA | ~ Onsite HEPA

'| Filter Release + | - Filter Release + | Filter Release + | Filter Release +
.12 Hour 1 Year " 24 Hour _ FYear

Expasure (Sv). ‘Exposure (Sv) Exposure (Sv) . | Exposure (Sv)
1 L Total Filter Loading 5.55E-7 1.35E-6 587E-10 2.27E-9
10 L Total Filter Loading 4.99 E-6 579 E-6 457 E9 6.25E-9
100 L Total Filter Loading 493 E-5 5.01 E-5 4.44 B-8 4.61 E-8
Previous Results® 4,54 E-4 244 E-3 481 E-7 2.60 E-6

"WHC-SD-WM-CN-063, 1996, Releases From Failed HEPA Filters Due to an Overpressurization Event,
Rev. 2, Duke Engineering & Scrvices Hanford, Richland, Washinglon.

HEPA = high-cfficiency particulate air.
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Table 4. Steam Intruston from Interfacing Systems.

- Dosei;Cpnsgi]uenée (Sv)
R . . e . L :Onsit'e'(S"‘V_)'_ :" .Offsite (Sv)
1 L Total Filter Loading 3.95E-7 796 E- 10
10 L Total Filter Loading 1.26 E-6 2.54 E-9
100 L Total Filter Loading 990 E-6 1.99 E-8
Previous Results® 4.90 E-4 7.60E-7

"WHC-SD-WM-CN-044, 1997, Calculation Notes That Support Accident Scenario and Consequence
Development for the Steam Intrusion From Interfacing Systems Accident, Rev. 2, Duke Engineering & Services
Hanford, Richland, Washington.

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 be 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 bounded 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

Zimmerman, Bruce D

From: Fowler, Kenneth D (Ke 033

Sent: Friday, November 17, 2000 1:386 PM
To: Zimmerman, Bruce D

Cc: Stanton, George AlJr

Subject: PFP DATA

Bruce,

Here are the values based on the 222-S 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
PFP Tank D-5 based on 222-S Lab data Sept. 2000
iq (UCTmI) _[Sol (uCirg) Sol (uCiymi) _Iotal wasté {UCi7mn) %oﬁl wasia Egg:j Commeants
Tiquid + sclid fracﬁon iquid + solid Traction

Co 60 B4E-D5 T.34E-U2  (1.74E-DZ T.07E-03 T.07E0E method detection imit

a0 A0E-J6 4.01E-03 ZTE-03 ZTE-D4 Z1EADT data + 7 stdev

g0 AUE-DE 4. - 2ZTEO3 ZTED4 ZTEDT ased on Sr 9

c oy TTE-DB ; . 2 BTE04 BTEQT7 method detection Timit
Sb 125 [7.07E-05 . .55E-02 B0E-03 BUEUB method defection imit
Cs 134 [2.33E-05 T1TIE0Z [W.ZAE-0Z B.88E-0& B8E-U7 method detection limit
Cs 137 [1.Z9E-03 T.38E-01 1. 79E-07 1.09E-02 T.09E-05 data + Z sidev
Eu154 BBAE-D5  W.30E-02 B.59E-0Z  [3.44E-U3 A4E-UB mathod detection Timit |

W 155 &.43E-06 12E-D2 _TBE-0Z 1.70E-03 T.70E-06 method detection Timit

U239 B.OBEUY  PABE+DT TYE+0T 1.92E+00 1.92E-03 data + Z sidev
Am 24T [T.79e-0d [1.63E+01 AZE+01 1.27E+DU 1.2Z7E03 data + Z stdev
1.3 /cc solids ™ dérnisity
0.06 olids %nn In waste sfream

. iquids on in waste stream

I ! ]




RPP-7396 REV 0

‘This page intentionally left blank.

A-2




RPP-7396 REV 0

APPENDIX B

MICROSHIELD RESULTS FOR PLUTONIUM
FINISHING PLANT WASTE




RPP-7396 REV 0

This page intentionally left blank.




RPP-7396 REV 0

APPENDIX B

MICROSHIELD RESULTS FOR PLUTONIUM
FINISHING PLANT WASTE

Filter Evaluation for PFP Source Term
J.C. VanKeuren JVE_
Fluor Federal Services

The dose rate from a DCRT HEPA filter was calculated assuming 1 L of waste on the filter from
a mix from PFP. The waste mix was furnished by the customer and is attached. Liquid was
assumed as speclﬁed in the attached message. Activities in Ci/L were calculated by multiplying
the data which is in pCi/ml by (10 Ci/uCi) (1000 ml/L) = 102, 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 mx 03 mx03 m (1 ft x 1 ft by 1ft.). The filteris
surrounded by a 0.2 (0.08 inch) aluminum wall. The sampling point was at the midpoint of the
side of the filter 1.3 cm (0.5 inches) from the filter. The dose rate was caiculated with
Microshieid 5 (Himes 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 of magnitude 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 negiect the Bremsstrahlung in the calculation of the filter inventory since including
Bremsstrahlung radiation will increase the dose rate and decrease the amount of matenal

required to reach 200 mr/hr.

The dose rate from 1 L of the PFP waste is 6.72E-03 mr/hr. The quantlty of waste to produce a
dose rate of 200 mr/hr is therefore

200 me/hr = 298 E+04 L
6.72E-03 mr/hr/L

A calculation was made for the prefilter. The prefilter dimensions are 30.48 cm by30.48 x 6.35
cm (ift 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 0.01112 mr/hr. The filter inventory at 200
mr/hr is:

200 mi/hr = 1B0EHM4L
0.0112 mr/hr/L

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 because the

concentrations of gamma emitters are very low for this mix.

B-1
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Several of the isotopes are 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 nonconservative for this calculation since the Co-60 concentration may be
much lower, which would increase the number of liters to reach 200 mr/hr.

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

References

Himes, 2000, Memo, DA Himes to S.A. Fargo, Verification of MICROSHIELD VERSION 5.05,
August 20, 2000, Fluor Federal Services, Richland WA.

Savino, A. V., 1996, MICROSHIELD Dose Rate Calculations for HEPA Filters and Prefilters,
Westinghouse Hanford Co, Richland WA.
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Hey, Brit E

From: Zimmennaﬁ; Bruce D

Sent: Friday, November 17, 2000 2:19 PM
To: Hey, Brit E

Subject: FW: PFP DATA

Brit: Here is Kenny's full list of {he isolopes that are available for the PFP waste. By the way, it appears that after
looking at the FSAR accidents, we onfy need the Microshield calculations done for the PFP liquids.

«-—(xiginal Message----
From: Fowler, Kenneth D (Kenny)
Sent: Friday, November 17, 2000 1:36 PM
To: . Zimmerman, Bruce D
Ce: Stanton, George A Jr
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 avaifable.

If you have any questions please call.

Thanks,

Kenny

3-5930

PFP Tank D-5 based on 222-S Lab data Sept. 2000

Lig (uCifml) Sol (uCi/g) [Sol (uCi/mi) lotal waste (uCi/ml) __ total waste (Cifly Comments
Jiquid + solld fraction _Jiquid + solid fraction

Co 60 [P.94E-05 34E-02 1.74E-D2  [1.07E-03 O7E-06 method detection limit

Sr90 P.40E-06 .01E-03  p.21E-03 3. 21E-04 21E-07 Hata + 2 sidev

Y 80 %.40E-06 g.mE-OB 21E-03  B.21E-04 3.21E-07 based on Sr 90

Tc 99 T1E-06 26E-03 24E-03  2.61E-04 2.81E-07 method detection limit
- Bb125 [F.01E-05 DB.S0E-02 W.55E-02 .B0E-03 2.80E-08 method detection limit

Cs 134 R.33E-05 [H.11E-02 [1.44E-02 .BBE-D4 B.88E-07 method detection limit

Cs 137 [1.296-04  [1.38E-01 .P9E-01 E.OQE—OZ [1.09E-05 tata + 2 stdev

u154 [B.84E-05 K.3DE-02 59E-02 3.44E-03 B.44E-06 method detection limit

Eu 155 K.43E-05  R.12E-02 .78E-02 1.70E-03 1. 70E-08 __method detection limit,

Pu 239 B.66E-03 2 46E+01 ASE+01 1.92E+00 ~ H.02E-03 data + 2 stdev

Am 241 [1.79E-04 [1.B3E+01 R.12E+01  [1.27E+00 1.27E-03 Hata + 2 stdev

1.3 /cc solids  density

0.06 olids . fraction In waste stream

094  [liquids fraction i waste stream

}LC;/ML xlo C}. ‘((EJ\

L

V\’\‘\ L
lo=3 Ca
-
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MicroShield v5.05 (5.05-00321)
Fluor Daniel Northwest

Page 1 File Ref:
DOS File: DCRTFILT.MSS Date:
Run Date: November 17, 2000 By:
Run Time: 2:58:51 PM Checked:
Duration: 00:00:19

‘Case Title: DCRT Filter
Degcription: Dose from 1 L of liquid mix in Zimmerman email 11/17/00 -
Geometry: 13 - Rectangular Volume

Source Dimenaions

Length 30.48 cm 1 ft
Width 30.48 cm 1 ft -

Height 30.48 cm 1 ft

Dose Points
X Y 2
# 1 32.004 cm 15.24' cm 15.24 cm
1 ft 0.6 in 6.0 in 6.0 in
Shields
Shield Name Dimension MaterialDensity
» Source 2.83e+04 cm? Mixed -»0.05

Aluminum0.03
Carbon 0.02

Shield 1 .203 cmAluminum2,.702
Alr Gap aAir 0.00122
Source Input
Grouping Method : Standard Indices
Number of Groups : 25
Lower Energy Cutoff : 0.015
Photons < 0.015 : Excluded
Library : Grove
Nuclide guries becguerels uCi/em? Bg/cm?®
Am~-241 1.7900e-007 6.6230e+003 6£.3213e-006 2.338%e-001

Ba-137m
Co-60
Cs-134
Cs-137
Eu-154
Eu-15%
Pu-239
Sh-125
Sr-90
Tc-99
¥-90

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

4.5140e+003
1.0878e+003
8.6210e+002
4.7730e+003
.2708e+003
.6391e+003
.3542e4+005
.5937e+003
.4780e+002
.4B27e4+002
.4780e+0Q02

WA Wk W

Buildup
The material reference is :

4.3084e-~006
1.0383e-006
8.2283e-007
4.5556e-006
3.1218e-006
1.5644e-006
1.2925e-004
2.4756e-006
3.3196e-007
2.3696e-007
3.3196e-007

Shield

Integration Parameters

1.5941e-001
3.8415e-002
3.0445e-002
1.6856e-001
1.1551e-001
5.7884e-002
4.7823e+000
9.159%6e-002
1.2282e-002
8.7676e-003
1.2282e-002

X Direction 20
Y Direction 20
%7 Direction 20

Resulte
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. Page : 2
'2J0S File: DCRTFILT.MSS
Run Date: Novembex 17, 2000
Run Time: 2:58:51 PM
puration: 00:00:19
Ens.rsx Activity  Fluence Rate ElggngL&a;s: Expogure Rate Exposyre Rate
photons/sec MﬂLgm_Lm MeV/cm?/sec

With Buildup Wi
0.03 1.608e+03 3.769%e- 03 4.696e-03 3.735e-05 4.654e-05
0.04 1.135e+03 6.704e~03 9.160e-03 2.965e-05 4.051e-05
0.05 2.657e+02 2.483e-03 3.407e-03 6.615e-05 8.077e-06
0.06 2.411e+03 3.008e-02 4.,469e-02 5.976e-05 8.877e-05
0.08 5.090e+02 9.262e-03 1.331e-02 1.466e-05 2.106e-05
0.1 1.734e+03 4.093e~02 5.689%e-02 6.262e-05 8.704e-05
0.15 6.510e+00 2.401e-04 3.133e-04 3.954e-07 5.159%e-07
0.2 4.202e+02 2.111e-02 2.643e-02 3.726e-05 4.665e-05
0.3 1.112e+01 8.606e-04 1.023e-03 l.632e-06 1.940e-06
0.4 8.354e+02 8.770e-~02 1.012e-01 1.709e-04 1.973e-04
0.5 2.882e+02 3.831e-02 4.330e-02 7.520e-05 8.500e-05
0.6 6.304e+03 1.016e+00 1.130e+00 1.983e-03 2.206e-03
0.8 2.087e+03 4.553e-01 4.964e-01 8.659%e-04 9.442e-04
1.0 2.118e+03 5.840e-01 '6.287e~-01 1.077e-03 1.15%e-03"
1.5 2.39Qe+03 1.007e+00 1.063e+00 1.694e-03 1.78%e-03
TOTALS: 2.212e+04 3.303e+00 3.623e+00 €.115e-03 6.723e-03
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DOS File:
Run Date:
Run Time:
Duration:
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MicroShield v5.05 (5.05-00321)
Fluor Daniel Northwest

1 File Ref:

DCRTPREF . MS5 Date:
November 17, 2000 By: __
4:55:02 PM Checked:
00:00:19

Case Title: DCRT PreFilter

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

Gaometry: 13 - Rectangular Volume

Source Dimensions

Length 30.48 cm 1 ft
width 6.35 cm 2.5 in
Height 30.48 cm 1 ft
Dose Points
X Y A
# 1 32.004 cm 15.24 cm 3.175 cm
1 ft 0.6 in €.0 in 1.3 in
Shields
Shield Name Dimension MaterialDensity

Source 5899.343 cm? Mixed ->0.05
Aluminum¢. 03
Carbon 0.02
x Shield 1 .203 cmAluminum2.702
Air Gap Air 0.00122
Source Input
Grouping Method : Standard Indices
Number of Groups : 25
Lower Energy Cutoff : 0.015
Photons < 0.015 : Excluded

Library : Grove
Nuclide curies becquerels pCi/om? Bg/om?
Am-241 1.7900e-007 6£.6230e+003 3.0342e-005 1.1227e+000
Ba-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 3.9456e-006 1.4613e-001
Cs-137 1.2900e-007 4.7730e+003 2.1867e-005 B8.0507e-001
Eu-154 8.8400e-008 3.2708e+003 1.4985e-005 5.5443e-001
Eu-155 4.4300e-008 1.639%91e+003 7.5093e-006 2.7784e-001
Pu-239 3.6600e-006 1.3542e+4005 6£.2041e-004 2.2955e+001
Sh-125 7.0100e-008 2.5937e+003 1.1883e-005 4.3966e-001
Sr-90 9.4000e-009 3.4780e+002 1.5934e-006 5.8%956e-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

X Direction 20
Y Direction 20
Z Direction 20

Results
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DOS File:

2
DCRTPREF .MS35
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Run bate: November 17, 2000

Run Time:
Duration:

4:55:02 PM
00:00:19

Eng:gx Activicy Fluence Rate Fluence Rate Exposure Rate Exkposure Rate
mR/hx

HHOOOOOO

oo Wk

- TOTALS:

1.608e+03
1.135e+03
2.657e+02
2.411e4+03
5.090e+02

- 1.734e+03

6€.510e+00
4.202e+02
1.112e+01
8.354e+02
2.882e+02
€.304e+03
2.087e+03
2.118e+03
2.390e+03

2.212e+04

8.000e-03
1.273e-02
4.512e-03
5.354e-02
1,619e-02
7.102e-02
4.132e-04
3.616e-02
l.466e-03
1.488e-01
6.482e-02
1.715e+00
7.661le-01
9.804e-01
1.684e+00

5.563e+00

photons/pec MeV/cm?/gec MeV/cm?/gec
No. Bujldup

9.78le-03
1.673e-02
5.841e-03
7.366e-02
2,158e-02
9.204e-02
5.089%e-04
4.312e-02
1.678e-03
1.665e-~-01
7.134e-02
1.865e+00
8.197e-01

.1.039%e+00

1.757e+00

5.982e+00

B-7

mR/hx

7.928e-05
5.629e-05
1.202e-05
1.063e-04
2,562e-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

Wi

9.694e-(Q5
7.397e-05
1.556e-05
l1.463e-04
3.415e-05
1.408e-04
8.381e~-07
7.610e-05
3.182e-06
3.244e-04

1.400e-04

3.63%e-02
1.55%e-03
1.914e-03
2.956e-03

1.112e-02
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APPENDIX C

RADIOLOGICAL SURVEY REPORT

C-1
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Table D1. Summary Of Results

RPP-7396 REV 0

APPENDIX D

DETAILED CALCULATIONS

Over Temperature Accident

Onsite
HEPA +
12 hr (Sv)

Onsite
HEPA +
Annual

(Sv)

Offsite
HEPA +
24 hr (Sv)

Offsite

HEPA +

Annual
(Sv)

1 Liter

6.66E-08

8.67E-07

1.49E-10

1.83E-09

10 Liters

1.11E-07

9.11E-07

1.88E-10

1.87E-09

100 Liters

5.65E-07

1.35E-06

5.87E-10

2.27E-09
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Over Temperature Accident
(10 Liter Filter Loading)

Table D2. HEPA Filter Release (10 Liter Loading)

Sv/Bq Onsite

Sv/Bq Offsite

Dose Dose
Lig (uCi/ml) . . . Conversion | Sv per Liter . Sv per Liter
(PFP Data)| UC' Per Liter | Ba per liter Factor (5924 | Onsite Conversion Offsite
App.B & Factor (5524
ICRP-68) App- B)
2.94E-05 | 2.94E-02 | 1.09E+03 7.70E-08 | 1.85E-05 7.00E.08 1.09E-05
G.40E-06 | 9.40E-03 | 3.4BE+02 3.00E.0B | 1.04E-05 3.60E.08 1.25E-05
9.40E-06 | 9.40E-03 | 3.48E+02 T70E-09 | 5.91E-07 1.40E-00 4.87E-07
6.71E-06 | 6.71E-03 | 2.4BE+02 3.20E.08 | 7.04E-07 4.00E-09 8.93E-07
7.01E05 | 7.01E-02 | 2.59E+03 330E08 | B.56E-0B 4.80E-09 1.24E.05
233E-05 | 2.33E02 | B.62E+02 9.60E-00 | B.35E-06 5.60E-09 5.60E-06
720E04 | 1.29E-01 | 4.77E+03 5.70E-00 | 3.20E-05 2 GOE-09 2.20E-05
8.84E-05 | 8.84E-02 | 3.27E+03 3.50E-08 | 1.14E-04 5.30E-08 1.73E-04
4.43E-05 | 4.43E.02 | 164E+03 470E-08 | 7.70E-06 5.90E-09 1.13E-05
3.66E-03 | 3.66E+00 | 135E+05 3.20E05 | 4.33E+00 5.00E05 | 6.77E+00
179E-04 | 1.79E-01 | 6.62E+03 2.70E-05 | 1.79E-01 4.20E-05 2 78E-01
TOTAL SviL| 4.51E+00 TOTAL SviL | 7.05E+00
Muitiply by
Egiﬁgﬁ XiQ (5924 | Breathing | Ingestion | Total Dose
Loading On Sv per Liter | From Filter Table 5-2, | Rate (5924 Dose From Filter Sv
Filter (L) | =¥ Pr "¢ Table 5-3) | Section 6.2) | Multiplier | Release
(1 E-4) /m? 3 (1.1) (5924 (Sv)
(CN-062) | (&M (m*/s) "
Section 6.2)
Onsite 10 451E+00 | 1.00E-04 | 3.28E-02 | 3.33E-04 | 1.00E+00 | 4.93E-08
Offsite 10 7 O5E+00 | 1.00E-04 | 2.22E-05 | 2.57E.04 | 1.10E+00 | 4.42E-11

Previous FSR Results in Gray
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Table D3. 12 Hour Unfiltered Release - Onsite (10 Liter Loading)

[ Exhaust Particulate
Rate o Breathing | Onsite ULD Dose
Partition Release XiQ
(Lisec) Fraction Rate i Rate {100% 12 Hrs |Consegquence
(CN-062 (Liset) (sfm’} (m¥%s)  |liquids) SviL Sv
Table 3)
1.98E+03 1.00E-10 1.98E-07 4.B0E-03 3.33E-04 4. 51E+00 43,200 6.16E-08

Table D4. Annual Unfiitered Release - Onsite (10 Liter Loading)

[
Exhaust Particulate :
Rate Partition Release xQ Brealhing | Onsite ULD Occupancy Dose
{L/sec) Fraction Rate (i) Rate (100% 8760 Hrs Factor Consequence
{CN-082 (Lisec) {m%s)  |liquids) Sv/L Sv
Table 3)
1.98E+03 1.00E-10 1.98E-07 4.03E-04 3.33E-04 4.51E+00 | 31538000 0.228 8.62E-07

Table D5. 24 Hour Unfiltered Release - Offsite (10 Liter Loading)

Exhaust Particulate Multiply by
Rate " Breathing | Offsite ULD Ingestion Dose
Partition Release XQ .
{L/sec) Fraction Rate m? Rate (100% 24 Hrs Dose Consequence
(CN-062 (Usee) (s/m’) (m¥s)  |liquids) SwiL Multiplier Sv
Table 3) 11
1.98E+03 | 1.00E-10 | 1.98E-07 4. 23E-06 2.57E-04 7.05E+00 86,400 1.10E+00 1.44E-10 lﬁ

Table D6. Annual

Unfiltered Release - Offsite (10 Liter Loading)

P
Exhaust

. Multiply by
Rate N Particulate Rreathing | Offsite ULD Ingestion Dose
Partition Release XiQ o
(L/sec) Eraction Rate i Rate {100% 8760 Hrs Dose Consequence
(CN-062 (Uset) (s/m) (m¥s)  |liquids) SviL Multiplier Sv
Table 3) (1.1)
1.98E+03 1.00E-10 1.98E-07 1.47E-07 2.57E-04 7.05E+00 }31,536,0004 1.10E+00 1.83E-09




Table D8. X/Q Log Interpolation

Table D7.
Comparison Of Results With

Previous FSAR Results

RPP-7396 REV 0

Over Temperature Accident
(10 Liter Loading)

i g
Al

Onsite Offsite
Onsite Offsite
Hepa+ | TR | weeas | O
12 hr (Sv) (Sv) 24 hr (Sv) (Sv)
1.11E-07 a9 11E-07 1.88E-10

Previous FSAR Resu s in Gray

[Log(2hr)- Log(X/Q
Time Log(Xhry)/ Acute)- Log(X/Q |Leg(X/Q for| X/Q for
[Log(2hr)- Log(X/Q Acute) time X) time X
Log(8760hr))} Chronic)
12 hr 0.21369128 | 1.3678228 | -2.0268721 |-2.3191639] 0.004796 Onsite
24 hr 0.29635835| 2.0732319 | -4.7594508 |-5.3738703| 4.23E-06 Offsite

D-4
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Over Temperature Accident
(1 Liter Filter Loading)

Table D9. HEPA Filter Release (1 Liter Loading)

SviBg )
Lig Onsite Dose SV/B{? Offsite
{uCirmly | wCiper Bq per liter Conversion | Sv per Liter Convoesrzion Sv per Liter
(PFP Liter Factor (5924| Onsite Offsite
Factor (5924
Data) App.B & Aop. B
ICRP-68) pp- B)
4] 2.94E-05 | 2.94E-02 | 1.09E+03 1.70E-08 1.85E-05 1.00E-08 1.09E-05
yi2] 9.40E-06 | 9.40E-03 | 3.48E+02 3.00E-08 1.04E-05 3.60E-08 1.25E-05
] 9.40E-06 | 9.40E-03 | 3.48E+02 1.70E-09 5.91E-07 1.40E-09 4.87E-07
| 8. 71E-06 | 6.71E-03 | 2.48E+02 3.20E-09 7.94E-07 4.00E-09 9.93E-07
. 7.01E-05 } 7.01E-02 | 2.59E+03 3.30E-08 8.56E-06 4.80E-09 1,24E-05
Bti] 2 33E-05 | 2.33E-02 | 8.62E+02 9.69E-09 8.35E-06 6.60E-09 5.69E-06
3l 1.298-04 | 1.29E-011 4.77E+03 6.70E-09 3.20E-05 4.60E-09 2.20E-05
B.84E-05 | 8.84E-02 | 3.27E+03 3.50E-08 1.14E-04 5.30E-08 1.73E-04
4 43E-05 | 4.43E-02 | 1.64E+03 4.70E-09 7.70E-06 6.90E-09 1.13E-05
3.66E-03 | 3.66E+00| 1.35E+05 3.20E-05 | 4.33E+00 5.00E-05 6.77E+Q0
1.79E-04 | 1.79E-01 | 8.62E+03 2.70E-05 1.79E-01 4 20E-05 2.78E-01
TOTAL 4.51E+00 TOTAL SviL| 7.05E+00
Svil
Muttiply b
A Release |y (5924 Breathing ;ngezt\i/ony
Load.:ng Sv per Fracthn Table 5-2,| Rate (5924 Dose Total D_ose
On Filter Liter From Filter| 11,e 5-3)| Section 6.2)| Multiplier From Filter Sv
(L) (1 E~-4) 4 3 Release (Sv)
(CN-062) {s/m?) {m*/s) (1.1) (5924
Section 6.2)
Onsite 1 4 51E+00| 1.00E-04 | 3.28E-02 | 3.33E-04 | 1.00E+00 4.93E-09 | 28206
Offsite 1 7.05E+00| 1.00E-04 | 2.22E-05| 2.57E-04 | 1.10E+00 4.42E-12 |2

D-5
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Table D10. 12 Hour Unfiltered Release - Onsite (1 Liter Loading)

[Exhaust Particulate
Breathi i
Rate Partition | Release X/Q reathing | Onsite ULD Dose
(L/sec) Eraction Rate - Rate {100% 12 Hrs Consequence
(CN-062 Leoe) M) | (m¥s) | liquids) SuiL Sv
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
Table D11. Annual Unfiltered Release - Onsite (1 Liter Loading)
Exhaust .
Particulate )
Breath i
Rate Partition | Release X/ reathing | Onsite ULD Occupancy Dose
(Lisec) Eraction Rate e Rate {(100% 8760 Hrs Factor Conseguence
(CN-062 Lsee) MY 1 m¥s) | liguids) SviL Sv
Table 3)
1.08E+03| 1.00E-10 | 1.98E-07 | 4 03E-04| 3.33E-04 | 451E+00 | 31536000 0.228 8.62E-07
Table D12. 24 Hour Unfiltered Release - Offsite (1 Liter Loading)
Exhaust . Multiply by
Rate | Particulate Breathing | Offsite ULD Ingestion Dose
Partition | Release X o
{L/sec) Fraction Rate e Rate {(100% 24 Hrs Dose Consequence
(CN-062 Lo M) | i) [ liquids) SviL Multiplier Sv
Table 3) (1.1
1 08E+03| 1.00E-10| 1.98E-07 [ 423E-06| 257E-04 | 7.05E+00 86,400 1.10E+00 1.44E-10
Table D13. Annual Unfiltered Release - Offsite (1 Liter Loading)
_Exhaust ) Multiply by
Rate Pastition F’;g;::!:;e x/Q Breathing | Offsite ULD Ingestion Dose
(Usec) Fra;ﬁgn ate N Rate (100% 8760 Hrs Dose Consequence
(CN-062 Lot (M) mys) | tiquids) SwiL Multiplier Sv
Table 3} (1.1
1.08E+03| 1.00E-10 | 1.98E-07 | 147E-07 | 2.57E-04 | 7 05E+00 | 31,536,000 [ 1.10E+00 1 83E-09
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Table D14.

Comparison Of Results With
Previous FSAR Results
Over Temperature Accident
(1 Liter Loading)

Onsite Offsite
Onsite Offsite
HEPA + HEPA + HEPA + HEPA +

12 hr (Sv) A?;vt;a' 24 hr (Sv) A?S"\:')a'

6.66E-08 | 8.67E-07 { 1.49E-10 | 1.83E-09
B o 3 ;; “ il & J e
Previous FSAR Results in Gray

D-7



Over Temperature Accident
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(100 Liter Filter Loading)

Table D15. HEPA Filter Release (100 Liter Loading)

. Sv/iBg SviBq Offsite
Lig Onsite Dose Dose
(uCifmly | uCiper Bq per liter Conversion | Sv per Liter Conversion Sv per Liter
{PFP Liter Factor (5924 Onsite Offsite
Factor (5924
Data) App.B & App. B)
ICRP-68) PP
w4 2 94E-05 | 2.94E-02 | 1.09E+03 1.70E-08 1.85E-05 1.00E-08 1.09E-05
9.40E-06 | 9.40E-03 | 3.48E+02 3.00E-08 1.04E-05 3.60E-08 1.25E-05
9.40E-06 | 9.40E-03 | 3.48E+02 1.70E-09 5.91E-07 1.40E-09 4.87E-07
6.71E-06 | 8.71E-03 | 2.48E+02 3.20E-09 7.94E-07 4 00E-09 9 93E-07
7.01E-05 | 7.01E-02 | 2.58E+03 3.30E-09 8.56E-06 4,80E-09 1.24E-05
2.33E-05 | 2.33E-02 | 8.62E+02 9.69E-09 8.35E-06 6.60E-09 5.69E-06
1 1.29E-04 | 1.29E-01 | 4. 77E+03 6.70E-09 3.20E-05 4 60E-09 2.20E-05
| 8.84E-05 | 8.84E-02 | 3.27£+03 3.50E-08 1.14E-04 5.30E-08 1.73E-04
{ 443E-05| 4.43E-02 | 1.64E+03 4.70E-09 7.70E-06 6.90E-09 1.13E-05
3.66E-03 | 3.66E+00| 1.35E+05 3.20E-05 4.33+00 5.00E-05 6.77E+00
1.79E-04 | 1.79E-01 | 6.62E+03 2.70E-05 1.79E-01 4.20E-05 2.78E-01
TOTAL SviL| 4.51E+00 TOTAL SviL. | 7.05E+00
Multiply by
Loading Release 1xq (se24| Breathing | Ingestion | Total Dose
On Filter Sv per From Filter Table 5-2, Ratg (6924 Dose From Filter Sv
U Liter (1 E-4) Tabie 5-3) Sectloan 6.2)| Muttiplier | Release
(©N-082) | (/™) (ms) | (1.1) (5924 (Sv)
Section 6.2)
Cnsite 100 4 51E+00]| 1.00E-04 | 3.28E-02 | 3.33E-04 1.00E+QC 4.93E-07
Offsite 100 7.05E+00| 1.00E-04 | 2.22E-05| 2.57E-04 1.10E+00 4 42E-10

D-8

Previous FSAR Results in Gray
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Table D16. 12 Hour Unfiltered Release - Onsite (100 Liter Loading)

Exhaust Particulate
Rate » Breathing | Onsite ULD Dose
Partition | Release XiQ
{Lisec) Fraction Rate . Rate (100% 12 Hrs Consequence
{CN-062 (Usec) (s/m’) (m¥s) |liquids) SviL Sv
Tabie 3)
1.98E+03| 1.00E-10}| 1.98E-07 | 4.80E-03| 3.33E-04 4 51E+0Q0 43,200 6.16E-08

Table D17. Annual Unfiltered Release - Onsite (100 Liter Loading)

Exhaust Particulate Breathi .
Rate Partition | Release XrQ reathing | Onsite ELD Occupancy Dose
(L/sec) Fraction Rate (sim?) Rate {100% 8760 Hrs Factor Consequence
(CN-062 (Lisec) (m3,'s) liquids) Sw/L Sv
Table 3)
1.98E+03| 1.00E-10 | 1.98E-07 | 4.03E-04 | 3.33E-04 4.51E+00 | 31536000 0.228 8.62E-07 Tg

Table D18. 24 Hour Unfiltered Release - Offsite (100 Liter Loading)

Exhaust Particulate
Rate " Breathing | Offsite ULD Multiply by Dose
Partition { Release X/Q o )
(L/sec) Eraction Rate i Rate {100% 24 Hrs | Ingestion Dosa| Consequence
(CN-062 (s/m’) (m¥s) |liquids) Svil. Multiplier (1.1) Sv
(L/sec)
Table 3}
1.98E+03| 1.00E-10 | 1.98E-07 | 4.23E-06 | 2.57E-04 7.05E+00 86,400 1.10E+00 1.44E-10

Table D19. Annual Unfiltered Release - Offsite (100 Liter Loading)

-Exhaust Particulate
Rate Partition | Refease X/Q Breathing | Offsite ULD Multiply by Dose
(Lfsec) Fracti Rate 3 Rate (100% 8760 Hrs |[Ingestion Dose| Consequence
(CN-062 etien {s/m’} (m¥/s)  |liquids) SviL Multiptier (1.1) Sv
(L/sec}
Table 3)
1.98E+03| 1.00E-10| 1.98E-07 | 1.47E-07| 2.57E-04 [ 7.05E+00 | 31,536,000 1.10E+00 1.83E-09

D-9
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Table D20.

Comparison Of Results With
Previous FSAR Results
Over Temperature Accident
(100 Liter Loading)

Onsite :;::i Offsite Offsite
HEPA + HEPA +

HEPA +
12 hr (Sv) Annual Annual

sv)  |#hrev)
555E-07 | 1.35E-06 | 5.87E-10 | 2.27E-09

ST gg
s FSAR

5

Eeihi e b dtetia] s i
Previou Results in Gray
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Table D21. Summary Of Results
Over Pressure Accident

Onsite
HEPA +
12 hr (Sv)

Onsite

HEPA +

Annual
(Sv)

Offsite

HEPA +
24 hr (Sv)

Offsite

HEPA +

Annual
(Sv)

1 Liter

5.55E-07

1.35E-06

5.87E-10

2.27E-09

10 Liters

4.99E-06

5.79E-06

4 57E-09

6.25E-09

100 Liters

4.93E-05

5.01E-05

4 44E-08

4 61E-08
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Over Pressure Accident
(10 Liters Filter Loading)

Table D22. HEPA Filter Release (10 Liter Loading)

Sv/Bg .
Lig . Onsite Dose Sv/Bq Offsite
. uCion Bqg on . Dose )
{(uCifmly | _. . Conversion | Sv for 1 . Sv for 1 Liter
(pep | Fitters for 1 Filters for 1 Factor (5924 Liter Onsite Conversion | = e
Liter Liter Factor (5924
Data} App.B & App. B
ICRP-68} pp-

B0 | 294E-05| 2.94E-02 | 1.08E+03 1.70E-08 1.85E-05 1.00E-08 1.09E-05
9.40E-06 | 9.40E-03 | 3.48E+02 3.00E-08 1.04E-05 3.60E-08 1.25E-05
9.40E-06 ] 9.40E-Q3 | 3.48E+02 1.70E-09 5.91E-07 1.40E-09 4.87E-07

1 6. 71E-06 | 6.71E-03 | 2.48E+(2 3.20E-09 7.94E-07 4.00E-09 9.93E-07
g3 7.01E-05 7.01E-02 | 2.59E+03 3.30E-09 8.56E-06 4. 80E-09 1.24E-05
Ene 2y 2.33E-05| 2.33E-02 | B.62E+02 9.69E-09 8.35E-06 6.60E-09 5.69E-06
G A ] 1.29E-04 | 1.29E-01 | 477E+D3 6.70E-09 3.20E-05 4.60E-09 2.20E-05
- Eu1B4 | 8.84E-05| 8.84E-02 [ 3.27E+03 3.50E-08 | 1.14E-04 5.30E-08 1 73E-04
55| 443E-05| 4.43E-02 | 1.64E+03 4. 70E-09 7.70E-06 6.90E-09 1.13£-05
gl 3.66E-03 | 3.66E+00 | 1.35E+05 3.20E-05 | 4.33E+00 5.00E-05 6.77E+00
a1 1.79E-04 | 1.79E-01 | 6.62E+03 2.70E-05 1.79E-01 4 20E-05 2.78E-01
TOTAL Sv/L| 4.51E+00 TOTAL Svil.| 7.05E+00
Release . Multiply by
Loading Fraction X/Q (5824 | Breathing | Ingestion | Total Dose
) . . Table 5-2, | Rate (56924 Dose | From Filter
on lillter Sv per Liter Fro1mEF2|Iter Table 5-3) | Section 6.2)| Multiplier Release Sv
“ oy | e | e [0 G928 (sv)
Section 6.2)
Onsite 10 4.51E+00 | 1.00E-02 | 3.28E-02 | 3.33E-04 | 1.00E+0C | 4.93E-08 LB2E0d
Offsite 10 7.05E+00 | 1.00E-02 | 2.22E-05 | 2.57E-04 | 110E+00 | 4.42E-09 [ 2. 88E-07

Previous FSAR Results in Gray
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Table D23. 12 Hour Unfiltered Release - Onsite (10 Liter Loading)

[ Exhaust Particulate
Rate - Breathing | Onsite ULD Dese
Partition Release XIQ
{L/sec) Fraction Rate i Rate (100% 12 Hrs | Consequence
(CN-062 (Lsoe) (sf) (m¥s)  |liquids) SwiL Sv
Table 3)
1.98E+03| 1.00E-10 1.98E-07 4.80E-03 3.33E-04 4.51E+00 43,200 6.17E-08

Table D24. Annual Unfiltered Release - Onsite (10 Liter Loading)

R
Exhaust Particulate .
Rate pariition | Release e Breathing | Onsite ULD Occupancy Dase
{Lisec) Eraciion Rate (i) Rate (100% 8760 Hrs Factor Consequence
(CN-062 (Lisec) (m¥s) |[liguids) SwiL Sv
Table 3)
1.08E+03| 1.00E-10 | 1.98E-07 | 4.03E-04 | 3.33E-04 | 4.51E+00 | 31536000 0.228 8.62E-07

Table D25. 24 Hour Unfiltered Release - Offsite (10 Liter Loading)

—
Exhaust . ;
Rate | Perticulate Breathing | Offsite ULD Multiply by Dose
Partition Release XIQ Ingestion
{L/sec) Fraction Rate e Rate (100% 24 Hrs Dose Consequence
(CN-062 (Liso) (s/m’} (m¥s) | liquids) SviL Mttt (1.1 Sv
Table 3) plt At
1.98E+03| 1.00E-t0 1.98E-07 4.23E-06 2.57E-04 7.05E+00 86,400 1.1 1.44E-10

Table D26. Annual Unfiltered Release - Offsite (10 Liter Loading)

Exhaust . h
. |
{liseq) I a Rate (100% 8760 Hrs 9 Consequence
(CN-gpz | Fraction | Rate {sfm’) (m¥s) | liquids) Svil. pose Sv
Muiltiplier {1.1
Table 3) {L/sec) ultiplier {1.1)
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
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Table D27.

Comparison Of Resuilts With
Previous FSAR Restlts
Over Pressure Accident

(10 Liter Loading)

Onsite Offsite
Onsite Offsite
nepa+ | CET | weeas | SRR
12 hr {Sv) (Sv) 24 hr (Sv) (Sv)
4.99E—0 5.79E-06 | 4.57E-09 6.25E-09

L M o e R L
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)
. Sv/Bq Onsite Sv/Bq Offsite
Lig uCion Bg on Dose Dose
{uCi/ml} . ) Conversion Sy for 1 i Sv for 1 Liter
Filters for | Filters for 1 . i Conversion .
(PFP . . Factor (5924 | Liter Onsite Offsite
1 Liter Liter Factor (5924
Data) App.B & App. B
ICRP-68) pp- B)
2.94E-05 | 2.94E-02 | 1.09E+03 1.70E-08 1.85E-05 1.00E-08 1.09E-05
9.40E-06 | 9.40E-03 | 3.48E+02 3.00E-08 1.04E-05 3.60E-08 1.25E-05
9.40E-06 | 9.40E-03 | 3.4BE+02 1.70E-09 591E-07 1.40E-09 4 87E-07
6.71E-06 | 6.71E-03 | 2.4BE+02 3.20E-09 7.94E-07 4.00E-09 9.93E-07
{ 7.01E-05 | 7.01E-02 | 2.59E+03 3.30E-09 8.56E-06 4.80E-09 1.24E-05
{ 2.33E-05| 2.33E-02 | 8.62E+02 9.69E-09 8.35E-06 6.60E-09 5.69E-06
{ 1.20E-04 | 1.26E-01 | 4 77E+03 6.70E-09 3.20E-05 4.60E-09 2.20E-05
| 8.84E-05 | B.84E-02 | 3.27E+03 3.50E-08 1.14E-04 5.30E-08 1.73E-04
‘ﬁﬁ 4.43E-05| 4.43E-02 | 1.64E+03 4.70E-09 7 70E-06 6.90E-09 1.13E-05
3.66E-03 | 3.66E+00| 1.35E+05 3.20E-05 4 33E+00 5.00E-05 6.77E+00
1 1.79E-04 | 1.79E-01 | 8.62E+03 2.70E-05 1.79E-01 4 20E-05 2.78E-01
TOTAL SviL | 4.51E+00 TOTAL SviL| 7.05E+00
Multiply by
Loading Egi;‘;s X/Q (5924| Breathing | Ingestion | Total Dose
onFitter | SYPET | Erom Fiter| 1one >4 Rate (5824 ) - Dose | From Filter Sv
L Liter (1E-2) Table 5-3)| Section 6.2) | Multiplier Release
(CN-063) (sim®) (ms)  [{1.1)(59241  (Sv)
Section 6.2)
Onsite 1 4 51E+00] 1.00E-02 | 3.28E-02 | 3.33E-04 1.00E+00 | 4.93E-07
Offsite 1 7.05E+00| 1.00E-02 | 2.22E-05| 2.57E-04 1.10E+00 | 4.42E-10

Previous FSAR Results in Gray
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Table D29. 12 Hour Unfiltered Release - Onsite (1 Liter Loading)

-Exhaust .
Rate | Particulate Breathing |OfSite ULD Dose
Partition XiG (100%
{L/sec) Fraction Release m Rate fiquids) 12 Hrs |Consequence
(CN-062 Rate (Lisec)| (&M (m¥s) L Sv
Tabe 3)
198E+03] 1.00E-10} 1.08E-07 | 4.80E-03 | 3.33E-04 | 4.51E+00 | 43,200 | 6.17E-08

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

r-Exhaust .
. . Onsite ULD
Breathin
Rate Partition Particulate X/Q I {100% Occupancy Dose

(L/sec) Fraction Release i Rate liquids) B760 Hrs Fact Consequence

(CN-062 Rate (Lisec)| &™) (ms) 4 actor Sv
Svil
Tabie 3)
1.98E+03] 1.00E-10| 1.98E-Q7 4.03E-04 3.33E-04 4.51E+00 | 31536000 0.228 8.62E-07 l

Table D31. 24 Hour Unfiltered Release - Offsite (1 Liter Loading)

Exhaust . Multipty by
Rate . Particulate Breathing Offsite ULD Ingestion Dose
Partition X (100%
{L/sec) Fraction Release i Rate liquids) 24 Hrs Dose Consequence|
(CN-062 Rate (Lisec)| (&™) (m%s) Suil Multiplier Sv
Table 3) (1.1)
1.98E+03| 1.00E-10 1.98E-07 4.23E-06 2.57E-04 7.05E+00 86,400 1.1 t.44E-10
Table D32. Annual Unfiltered Release - Offsite (1 Liter Loading)
Exhaust . Multiply by
. . ff LD
Rate - Particulate Breathing © s:te:J ngestion Dose
Partition XiQ {100%
{L/sec) Fraction Release P Rate liquids) 8760 Hrs Dose Consequence
(CN-062 Rate (Lisecy| /M) (ms) qu.’L Multiplier Sv
Table 3) {t.1)
1.98E+03| 1.00E-1G| 1.98E-Q7 1.47E-07 2.57E-04 7.06E+00 | 31,536,000 1.1 1.83E-09
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Table D33.
Comparison Of Results With

Previous FSAR Results
Over Pressure Accident

(1 Liter Loading)

Onsite Offsite
Onsite Offsite
HEPA + | HEPA* | Lepas | HEPA®

Annual Annual
24
12 hr (Sv) (Sv) hr (Sv) (Sv)
5.55E-07 5.87E-10 2.27E-09
Previous FSAR Results in Gray
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Over Pressure Accident

(100 Liter Filter Loading)

Table D34. HEPA Filter Release (100 Liter Loading)

SviBq .
Liq uCi on Bq on Onsite Dose SV/BSOS:S”E
(uCi/ml) . . Conversion | Sv for 1 Liter . Sv for 1 Liter
(PEP Fllter_s for Flltefs for 1 Factor (5924 Onsite Conversion Offsite
1 Liter Liter Factor (5924
Data) App.B & App. B
ICRP-68) pp- 8)
2.94E-051 2.94E-02 | 1.09E+03 1.70E-08 1.85E-05 1.00E-08 1.08E-05
9.40E-06 | 9.40E-03 | 3.4BE+02 3.00E-08 1.04E-05 3.60E-08 1.25E-05
| 9.40E-06 | 9.40E-03 [ 3.48E+02 1.70E-09 5 91E-07 1.40E-08 4 87E-07
6.71E-06 | 6.71E-03 | 2. 48E+02 3.20E-09 7.94E-07 4 00E-09 9.93E-07
7.01E-05| 7.01E-02 | 2.59E+03 3.30E-09 8.56E-06 4 80E-09 1.24E-05
2.33E-05| 2.33E-02 | B.62E+02 9.69E-09 8.35E-06 6 60E-09 5.69E-06
1.29E-04 | 1.29E-01| 4.77E+03 6.70E-09 3.20E-05 4 60E-09 2.20E-Q5
mﬂﬁ 8.84E-05| 8.84E-02 | 3.27E+03 3.50E-08 1.14E-04 5.30E-08 1.73E-04
4.43E-05| 4 43E-02 | 1.64E+03 4. 70E-09 7.70E-06 6.00E-09 1.13E-05
;ﬁ 3.66E-0313.66E+00| 1.35E+05 3.20E-05 4.33E+00 5.00E-05 6.77E+00
{ 1.79E-04 | 1.79E-01 | 6.62E+03 2 70E-05 1.79E-01 4. 20E-05 2.78E-1
TOTAL 4.51E+00 TOTAL SviL| 7.05E+00
SviL
Multiply by
Loading Eii:gﬁ X/Q (5824] Breathing | Ingestion | Total Dose
. Sv per -, |Table 5-2,| Rate (5924 Dose From Filter
On t”ter Liter F“;”‘ETEF Table 5-3)| Section 6.2)| Multiplier | Release SV
() onooy | EmY | e | asea | sy
Section 6.2}
Onsite 100 4 51E+00| 1.00E-02 | 3.28E-02| 3.33E-04 1.00E+00 4. 93E-05
Offsite 100 7.05E+00| 1.00E-02 | 2.22E-05| 2.57E-04 1.10E+00 4 42E-08

D-18
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Table D35. 12 Hour Unfiltered Release - Onsite (100 Liter Loading)

[ Exhaust Particulate
Rate . Breathing | Onsite ULD Dose
Partition | Release XiQ
(L/sec) Fraction Rate i Rate {10C% 12 Hrs Consequence
(CN-062 Usew MY sy | liguidsy Swil Sv
Table 3)
1.98E+03| 1.00E-10| 1.98E-07 | 4.80E-03 | 3.33E-04 4.51E+00 43,200 6.17E-08

Table D36. Annual Unfiltered Release - Onsite (100 Liter Loading)

Exhaust Particulate . .
Rate Partition | Release XiQ Breathing 1 Onsite ULD Qccupancy Dose
{Lisec) Fraction Rate (slmS) Rate . {.100% 8760 Mrs Factor Consequence
(CN-062 (Lisec) (m’/s) liquids) Sv/L Sv
Table 3)
1.98E+03} 1.00E-10 | 1.98E-07 | 4.03E-04 | 3.33E-04 4.51E+00 31536000 0.228 8.62E-07

Table D37. 24 Hour Unfiltered Release - Offsite (100 Liter Loading)

Exhaust Particulate
Rate o Breathing | Offsite ULD Muitiply by Dose
Partition | Release XQ o )
(L/sec) Fraction Rate 4 Rate (100% 24 Hrs Ingestion Dose| Consequence
(CN-062 | ' o€ {s/m™) (m¥s) | liquids) SviL Multiplier (1.1) Sv
{L/sec)
Table 3)
1.98E+03| 1.00E-10 | 1.98E-07 | 4.23E-06 ] 2.57E-04 7.05E+00 86,400 1.1 1.44E-10

Table D38. Annual Unfiltered Release - Offsite (100 Liter Loading)

Exhaust Particulate
Rate Partiton | Relsase XQ Breathing | Offsite ULD Multiply by Dose
Useo) | . It! i\ Pt ; Rate (100% 8760 Hrs |Ingestion Dose] Consequence
(CN-oB2 | | ocle (s/m’) (m¥s) | liquids) SviL Muttiplier (1.1} Sy
{Lfsec)
Table 3)
1.98E+03| 1.00E-10| 1.98E-07 | 147E-07 | 2.57E-C4 7.05E+00 | 31,536,000 1.1 1.83E-09




RPP-7396 REV 0

Table D39.
Comparison Of Results With

Previous FSAR Results
Over Pressure Accident
(100 Liter Loading)

) Onsite Offsite

Onsite Offsite
HEPA + HEPA + HEPA + HEPA +
Annual Annual

12 hr (Sv) 24 hr (Sv)

(Sv) e
T 4.61E-08
3( 3 §

D-20
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Table D40.

Summary Of Results
Steam Intrusion Accident

Onsite (Sv)

Offsite (Sv)

1 Liter 3.95E-07

7.96E-10

10 Liters 1.26E-06

2.54E-09

100 Liters 9.90E-06

1.99E-08

D-21
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Steam Intrusion Accident
(10 Liter Filter Loading)

Table D41. Material Released (10 Liter Loading)

Amount of Amount of
Headspace | Amount of Release . Total Amount off
. ) ) Material i
Material Material Fraction for Released Material
Released (L) | Assumed on | Filters (CN-044 from Filters Released in
{CN-044 Filters (L) pg 13) Accident (L)
(L)
pg.14)
3.11E-02 10 1.00E-02 1.00E-01 1.31E-01

Table D42. Dose Consequence - Onsite (10 Li

X/Q Onsite | Breathing Rate 100% Lioui b
Material | (5924 Table | Onsite (5924 ULD"O'-""_‘t'd . ose
Released (L) 5-2) Section 6.2) nsite onsequence
4 3 {Sv/L} Onsite (Sv)
(s/m™) (m™/s}
1.31E-01 6.39E-03 3.33E-04 4.51 1.26E-06

Table D43. Dose Consequence - Offsite (10 Liter Loading)

ter Loading)

El

XG Onsie ﬁeathlng}ate o _
100% Ligquid Mulitiply b
Material | (5924 Table | Offsite (5924 b Liqui ultiply by Dose
Released (L) 5-3) Section 6.2) ULD Offsite | ingestion Dose | Consequence
() is) (Svil) Multiplier (1.1) | Offsite (Sv)
S,
1.31E-01 9.70E-06 2.57E-04 7.05 1.10E+00 2.54E-09

Table D44. X/Q Log Interpolation

Previous FSAR Results in Gray -

[Log(2hr)-
. Log(xhny |-09Q@Acute)l ) haxia | Lagwa for |
Time Log(X/Q ; X/Q for time X
[Log(Zhr)- Chronic) Acute) time X}
Log(8760hr)]
335 minutes| 0.12236918 | 1.367822807 |-2.02687215| -2.194251503 | 6.3936E-03 Onsite
335 minutes| 0.12236918 | 2.073231914 | -4.75945075| -5.013150442 | 9.7017E-06 Offsite

D-22
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Steam Intrusion Accident
(1 Liter Filter Loading)

Table D45. Material Released (1 Liter Loading)

Amount of Amount of
Headspace | Amount of Release ) Total Amount of
. . ) Material i
Material Material Fraction for Released Material
Released (L}|Assumed on| Filters (CN-044 trom Filters Released in
{CN-044 Filters (L) pg 13) (L) Accident (L)
pg.14)
3.11E-02 1 1.00E-02 1.00E-02 4. 11E-02

Table D46. Dose Consequ

ence - Onsite (1 Liter Loading)

X/Q Onsite | Breathing Rate 100% Liauid 5
Material |(5924 Table] Onsite (5924 ULD"O 'q‘ilt' con ose .
Released (L)|  5-2) Section 6.2) nsite sequen
3 3 (Swv/L) Onsite (Sv)
{s/m”) (m/s)
411E-02 | 6.39E-03 3.33E-04 4,51 3.95E-07

7
£ xsg%

Tabie D47. Dose Consequence - Offsite (1 Liter Loading)

X0 Ofsite Breafﬁlng Rate 100% Liquid Multiol b S
Material |(5924 Table| Offsite (5924 o Llqu uttiply by ose
Released (L) 5.3) Section 6.2) ULD Offsite | Ingesticn Dose | Consequence
3 3 (Svil) Multiplier (1.1} 1 Offsite (Sv)
{s/m7) (m/s)
4.11E-02 9.70E-06 2.57E-04 7.05 1.10E+00 7.96E-10

Previous FSAR Results in Gray A

D-23
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Steam Intrusion Accident
(100 Liter Filter Loading)

Table D48. Material Released (100 Liter Loading)

Amount of
Amount of Amount of
Headspace _ Release . Total Amount of
. Material . Material ]
Matenal Assumed Fraction for Released Material
Released (L) on Filters Filters (CN-044 from Filters Released in
{CN-044 (L) pg 13) L) Accident (L)
pg.14)
3.11E-02 100 1.00E-02 1.00E+00 1.03E+00

Table D49. Dose Consequence - Onsite (100 Liter Loading)

X/Q Onsite | Breathing Rate 100% Liquid b
Material |(5924 Table| Onsite (5924 UBD"O:;‘;‘; o ose )
Released (L) 5-2) Section 6.2) e | Lonsequence
3 3 (SviL) Onsite (Sv)
(s/m™) (m/s)
1.03E+00 6.39E-03 3.33E-04 4.51 9.90E-06

Table D50. Dose Consequence - Offsite (100 Liter Loading)

X Onsie Brea’c'ﬁlng Rate . )
. . 100% Liquid Multiply by Dose
Material |(5924 Table| Offsite (5924 ) _
Released (L) 5-3) Section 6.2) ULD Offsite | Ingestion Dose | Conseguence
3 4 (SviL) Mutiplier (1.1} § Offsite (Sv)
{s/m”) (m*/s)
1.03E+00 | 9.70E-06 2.57E-04 7.05 1.10E+00 1.99E-08

D-24
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ATTACHMENT D1

SPREADSHEET FORMULAS

At D1-1
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APPENDIX E
PEER REVIEW CHECKLIST
CHECKLIST FOR TECHNICAL PEER REVIEW

Document Reviewed:

Scope of Review;

|y |
-5".,
~—
Y
~
vl

Previous reviews are complete and cover the analysis, up to the scope of this
review, with no gaps.

Problem is completely defined,

Accident scenarios are developed in a clear and logical manner.

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,

Lo e L L S W Wy S|

< S xeess,

[] [] Spreadshect results and all hand calculations were verified.
[1 []1 B[P Software input is correct and consistent with the document reviewed.
[1 [1 ™ Software output is consistent with the input and with the results reported in the
document reviewed, -Micrvrhiatd calesr rek revieneld by ~me .
[1 [1 M Limits/criteria/guidelines applied to the analysis results are appropriate and
referenced. Limits/criteria/guidelines were checked against references.
[] [J [ Safety margins are consistent with good engineering practices.
[ [] [] Conclusions are consistent with analytical results and applicable limits.
[]1 []1 Results and conclusions address all points in the purpose.

f¥3em¢  The document was prepared in accordance with HNF-2353, Section 4.3,
Attachment B, “Calculation Note Format and Preparation Instructions™.

| IV]/[ ] [1 Concurrence

J.M. Gfeacs"-n//W il lz—A/vo

Reviewer (Printed Naﬁ%& S:gnature) /" Date

# g Tug IToPE AvoreTien (8 USYE TF-99-976% o~y

g HLC.HJLII GJJ C-ﬂfc.f p#’f’ hel/!wi-{ Ly’ ~E Ffze'i-'f""‘rfkf C A g
by oHer.

gl Lhrw eva fov Mus Cimunm Scepa forrot 1r Qecetnble Lo
V#Mk"'hdfvf -H.( QA-QJVS‘,_’- f“e"'grh-léf
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