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Department of Energy
Richland Operations Office

P.O. Box 550
Richland, Washington 99352

06-ESD-0098 MAY 1 6 2006

Mr. A. W. Conklin, Supervisor
Air Emissions and Defense Waste Section
Washington State Department of Health
P.O. Box 47827
Olympia, Washington 98504

EM7 22006

Dear Mr. Conklin:

RESPONSE TO HANFORD SITEWIDE ACTIONS IN NOTICE OF VIOLATION AND
COMPLIANCE ORDER ON EMISSION UNIT 296-S-21 AT THE 222-S LABORATORY

Reference: WDO[ 1tr. to K. A. Klein, RL, and R. J. Schepens, ORP, from A. W. Conklin,
"Notice of Violation and Compliance Order," AIR 05-1103, dtd.
November 17, 2005.

The reference is a Notice of Violation (NOV) and Compliance Order issued to the
U.S. Department of Energy (DOE) by the State of Washington, Department of Health (WDOH).
The NOV was for the potential-to-emit (PTE) radiological dose for the 296-S-21 Stack at the
222-S Laboratory having been incorrectly calculated. Order No. 3 of the NOV required that
DOE contractors assess their quality assurance programs to determine whether or not adequate
processes and organizational safeguards exist to ensure that PTE determinations are accurately
prepared. Enclosure 1 contains the completed assessments, which conclude collectively that each
contractor currently has an adequate quality assurance program, processes, and organizational
safeguards that meet the intent of Order No. 3.

In discussions with DOE and DOE contractor staff held December 7, 2005, WDOH agreed, that
in addition to the contractor assessments, the quality assurance (QA) intent of Order No. 3 would
be iflly met by adding QA enhancements to a document used widely at the Hanford Site for
calculating PTEs. The latest version of that document is DOE/RL-2006-29, "Calculating
Potential-to-Emit Radiological Doses" (Enclosure 2); formerly, it was HNF-3602, Rev. 2,
"Calculating Potential-to-Emit Releases and Doses for FEMPs and NOCs," which had been
reviewed and accepted by WDOH. A QA section has been added to this new RL document.

Following WDOH's review of this transmittal, DOE requests a response from WDOH stating
whether or not Enclosures 1 and 2 have been approved as meeting the applicable QA portions of
Order No. 3.
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If you have questions, please contact me, or your staff may contact Doug S. Shoop, Assistant
Manager for Safety and Engineering, on (509) 376-0108.

Sincerely,

th A. Klein
ESD:MFJ Manager

Enclosures:
1. DOE Contractor QA Assessments
2. DOE/RL-2006-29

cc w/encl:
Adminstrative Record (file: 222-S Laboratory Notice of Violation)
Environmental Portal, A3-01
D. Zhen, EPA Region 10, Seattle WA.

cc w/o encd:
B. P. Atencio, PNNL
J. M. (Matthew) Banett, PNNL
G. Bobnee, NPT
N. Ceto, EPA
S. L. Clark, WDOH
B. L, Curn, BNI
L. P. Diediker, FHI
R. H. Engelmann, FHI
E. W. Fordham, WDOH, MSIN B1-42
L. L. Fritz, FHI
R. D. Haggard, BNI
S. Harris, CTUIR
D. W. Hendrickson, Ecology
N. A. Homan, FHI
R. Jim, YN
R. J. Landon, WCH
J. J. Martell, WDOH, MSIN B1-42
P. C. Miller, CH2M
L. L Penn, CH2M
K. A. Peterson, FHI
K. Rhoads, PNNL
D. J. Rokkan, FHI
J. W. Schmidt, WDOH, MSIN B 1-42
L. H. Staven, PNNL
J. A. Voogd, CH2M
0. S. Wang, Ecology
P. A. Weiher, JCI
J. G. Woolard, WCH



FLUOR HANFORD QUALITY ASSURANCE PROGRAM ASSESSMENT IN
RESPONSE TO ORDER NO. 3 OF 222-S NOTICE OF VIOLATION IN AIR 05-1103

Floor Hanford
SURVEtLLANCE REPORT

Surefllana No: QIEtA-S0AV06- e 1 of 3
Subjact:
Evaluate FH QA Program with Respect to Potential-to-Emit Determinations

SuMrenceDateS: lanuary 9, 2006 through February 3, 2006 QShedkd
Team Lead ITeam Members
Daxrin Faulk

OrganlzatIo n ProJect I Facfty Revlewed-
SR pnl onental Protection
Personel Contacted:
Larry Diediker, Don Rokkan, Jeannetto Ryatt

Requfremefl(s) Reviewed
Washington Administrative Code AC 6-241-075Sy
Washington Department of Health Compliance Order AIR-05-1103, Action #3
HNV-P-59S, Quality Assurance rogren & ascriptio:

Section 2,0, ?ersonnel. Qalificatlon and Training; 2,2 Training & Indoctrination #4
Section 4.0, Dooments and Records; 2.1 Doamsents #i and 43
Saction 5.0, Work Processes; 2.1 Work rooess Dlochasets #1 and -3

aNr-RD-15332, Snviromental Protection Seeuir nto, So-tion 2411 itm 1
toturent(s) Reviewed:
HNE-3602, Aev 1, Calculating Potential-to-Emit Releases and Dose for EMtPs and WOCs
HN-1I74, Rev, 1, Radienuclide NESHAPS Potential-to-Smit Assessment
EF-Ef-0528, Rev. 6, NESMAP Quality Assurance Proect Plan for Radioactive Air Emissions
Data
Management Assessment RC-P-06-IA-CI
Nanagoment Assessment RC-EP-0A-M-004
!iFPR-1l333, Environmental Protection Processes, Section 5.5
HF-PRO-15334, Effluent and Envirommental monitoring
ENF-PRO-15333, Environmental Pernitting and Decnuent treaoration, Section 5.2
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Eased on the WDON compliance order (aR-05-1103b Action #3, the FN processes governing
determination$ of potential-to-omit M!TE) were evaluated with respect to the above
referenced sections of .4F-MP-593 and requiremants of WAC 2444-01$(6) In additiont
corrective actions identified as a result of Management Assessment RC-EP-06M4A-02 were
evaluated to determine if they were adequate to preant recurrence of the condition
resulting in the Notice of Violation (NOV).

1, Does the rR QA Program meet the requirements of WAC-24-247-075(6)?

rAC-246-247-075 requires licensed facilities to conduct and docusent a quality
assurance program that is compatible with applicable national standards suh as
ANSI/AS1eS tQA-1, 1-1905, ANSI/ASYE NQA-2, QA/R-2, and A/fR-5. FH has chosen ASWE
ROA-1, Quality Assurance Requireamnts for Nuclear Facility Application, as the
applicable national consensus standard which is reflected in HNF-MP-599, Quality
Assurance Program Description (QAPD). The OAVD defines the E1 implementation of
Title 10, Code of Federal Regulations, Part 330, Nuclear Safety Vanagumeot (20 CFR
2BC}, and DOE Order 414.IA, Contractor Requirementt Document, Quality Assurance.
Also, radioactive air emissions are covered by the NESAP Quality Assurance Project
Plan for Radioactive Air Eaissions Data f-SP-052S-Ch which addresses the required
elments of EPA OA/R-5.
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FLUOR HANFORD QUALITY ASSURANCE PROGRAM ASSESSMENT IN
RESPONSE TO ORDER NO. 3 OF 222-S NOTICE OF VIOLATION IN AIR 05-1103

(cont)
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FLUOR HANFORD QUALITY ASSURANCE PROGRAM ASSESSMENT IN
RESPONSE TO ORDER NO. 3 OF 222-S NOTICE OF VIOLATION IN AIR 05-1103
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CH2M HILL QUALITY ASSURANCE PROGRAM ASSESSMENT IN RESPONSE TO
ORDER NO. 3 OF 222-S NOTICE OF VIOLATION IN AIR 05-1103

CH2M HILL NESHAPS Quality Assurance Evaluation

Introduction

Washington Department of Health (WDOH) Notice of Violation (NOV) AIR-05-1103, Order #3
directs the Department of Energy to "[within] six months of receipt of this Notice of Violation
and Compliance Order, re-evaluate your quality assurance program in accordance with WAC
246-247-075(6) to make certain that adequate processes and organizational safeguards are in
place to ensure the adequacy of PTE determinations, and submit a copy of the document to DOH
for review and approval." This document presents the results of an evaluation of the CH2M
HILL NESHAPs Quality Assurance Program, as requested by the WDOH.

Background

Washington Administrative Code 246-247-075(6) requires licensed facilities to conduct and
document a quality assurance (QA) program that is "compatible with applicable national
standards such as ANSI/ASME NQA-1-1989, ANSI/ASME NQA2, QA/R-2, and QA/R-5." In
compliance with this requirement, the CH2M HILL Quality Assurance Program Plan is based
upon ASME-NQA- 1-2000, Quality Assurance Program Requirements for Nuclear Facility
application.

The following criteria from NQA-I represent essential elements of a QA program:

" Requirement 2, Quality Assurance Program

100 Basic (b): The program shall provide for indoctrination, training, and qualification as
necessary for personnel performing or managing activities affecting quality to assure that
suitable proficiency is achieved and maintained.

" Requirement 3, Design Control

100 Basic: The design shall be defined, controlled, and verified. Design inputs shall be
specified on a timely basis and translated into design documents. Design interfaces shall be
identified and controlled. Design adequacy shall be verified by individuals other than those
who designed the item or computer program. Design changes shall be governed by control
measures commensurate with those applied to the original design.

" Requirement 6, Document Control

100 Basic: The preparation, issue, and change of documents that specify quality
requirements or prescribe activities affecting quality such as instructions, procedures, and
drawings shall be controlled to assure that correct documents are being employed. Such
documents, including changes thereto, shall be reviewed for adequacy and approved for
release by authorized personnel.



CH.2M HILL QUALITY ASSURANCE PROGRAM ASSESSMENT IN RESPONSE
TO ORDER NO. 3 OF 222-S NOTICE OF VIOLATION IN AIR 05-1103 (cont)

Evaluation

The following Lines of Inquiry were used as guidance to evaluate the existing quality assurance
program and to ensure that adequate processes and organization safeguards are in place to
provide accurate potential to emit (PTE) determinations:

1. Does the CH2M HILL QA program meet the requirements of WAC 246-247-075(6)?

The CH2M HILL Hanford Group, Inc. Quality Assurance Program is based on the
requirements of Title 10 of the Code of Federal Regulation, Part 830, Subpart A (10 CFR
830, Subpart A), Quality Assurance Requirements, and DOE Order 414.lC, Quality
Assurance. The TFC-PLN-02, Quality Assurance Program Description, is structured to
capture and integrate into a single cohesive QA program, all necessary regulatory and
contractual quality assurance requirements. It establishes implementing requirements,
assigns responsibilities, and describes the management systems established to assure the
quality of the Tank Farm activities and products. Inherent within this framework, are the
appropriate national and international consensus standards. In this case ASME NQA-1 -
2000, Quality Assurance Program Requirements for Nuclear Facility application is used as
the implementing standard, as prescribed by WAC 246-247-075(6).

2. Are work processes in place to perform PTE determinations in support of NOCs? (NQA-1
Requirements 2 and 3)

Procedures are in place to ensure that permitting needs are considered when planning new
activities or modifications to emission units. Emission Unit PTE determinations and
Radioactive Air Notices of Constructions are prepared in accordance with WAC 246-247-
03 0(21) "Potential to Emit" and WAC-246-247-1 10, Appendix A, respectively. Guidance
is drawn from HNF-3602 Rev. 1, Calculating Potential-to-Emit Releases and Doses for
FEMPs and NOCs.

The predominating CH2M Hill derivational methods employed in PTE assessments are
inventory based. Infrequently, Non-destructive Assay or HEPA Filter Assay are used to
verify assumptions or by request of the Washington Department of Health.

3. Are processes in place to ensure that knowledgeable staff review documents for correctness
prior to release? (NQA-1 Requirement 6)

In order to maintain consistent quality, the final PTE or NOC documents are reviewed by
Environmental management, Engineering, and a Regulatory subject matter expert in
accordance with by TFC-ESHG-ENV-STD-03, Air Quality -Radioactive Emissions"
Engineering and technical evaluations and calculations are validated in accordance with
TFC-ENG-DESIGN-C-10, Engineering Calculations. Spreadsheets are reviewed and
validated in accordance with TFC-ENG-DESIGN-C-32, Spreadsheet Development and
Verification.



4. Are personnel performing PTE determinations adequately trained to perform the work?
(NQA-1 requirement 2)

Those quality elements ensuring the training, skills and competence of personnel designing,
evaluating and determining status ofNESHAPS emissions and controls are captured in the
hierarchy of procedures identifying prescriptive measures for implementation of the QAPD.
The requisite educational background, experience, certifications and site training for
technical and engineering positions are controlled by TFC-PLN-61, Tank Farm Contractor
Training and Qualification Plan. TFC-BSM-TQ-STD-01, Technical Staff Qualfication
Requirements, identifies the requisite qualification cards for all professionals. Immediate
line managers determine position training requirements and a training matrix is maintained
for each staff member.

5. Are corrective actions identified as a result of NOV AIR-05-1103 adequate to prevent
recurrence?

Since the date of occurrence, programs and procedures cited in items I through 4 have been
updated to ensure full integration of 222-S Laboratories and Tank Farms quality assurance
process. These programs and procedures are adequate to prevent recurrence. Additionally,
to ensure the quality of existing PTE determinations, all previous Tank Farm stack
designation determinations documented in JNF-SD-WM-EMP-031I, Tank.Farm Stack
NESHAP Designation Determinations were reviewed and updated in the spring of 2006.
No corrective actions or deficiencies were identified as a result of this assessment.

Conclusion

The CH2M Hill Quality Assurance Program meets the requirements of WAC 246-247-075(6).
This program is based upon NQA-1-2000 standards providing guidance for training and
qualification of personnel responsible for activities affecting quality, guidance for procedures to
control and verify design adequacy, and guidance for document control sufficient to assure
accuracy in the development and validation of documents. These processes and organizational
safeguards are designed to ensure-the adequacy of PTE determinations.



PACIFIC NORTHWEST NATIONAL LABORATORY QUALITY ASSURANCE
PROGRAM ASSESSMENT IN RESPONSE TO ORDER NO. 3 OF 222-S NOTICE OF

VIOLATION IN AIR 05-1103

EXHIBIT2

SELF-ASSESSMENT RESULTS

Title: Effluent Management Quality Assurance for potential. L.D. Number: ATS# 14932
To-Emit Determinations
Assessor: BC Barfins Date: 4/5/2006 .

Results-
(Related to Associated Performance Expectations)

Concise and objective statements are the goal. Subjective comments may be added at the end and must be based upon a
series of facts.that supports the comments. Include strengths and improvement opportunities. Include date the information is
obtained and list of line manager or points-of-contact during assessment. fUseAdditional pages ifnecessaryj
Summary:

Washington Department of Health (WDOH) compliance order (AIR-05-1103), Action No. 3 of the "222-S"notice of
violation (NOV) requires that the Department of Energy (DOE) and its prime contractors with stacks evaluate its quality
assurance (QA) program in accordance with WAC 246-247-075(6) to make certain that adequate processes and
organizational safeguards are in place to provide accurate potential-to-emit (PTE) determinations.

The assessor reviewed the Effluent Management quality assurance programfor compliance with WAC 246-247-075(6). PTE
calculational processes were reviewed for adequacy, and current organizational safeguards were reviewed to evaluate whether
knowledgeable staff review documents prior to release. The assessor interviewed the Effluent Management staff responsible
for providing FTE determinations and reviewed the organizational processes for providing and implementing training and
qualification requdrements. No corrective actions or deficiencies were identified as a result of this assessment.

Documents Reviewed:
- EM-QA-01, Rev. 5, Effluent Management Quality Assurance Plan

* PNNL-10855, Rev 3, Assessment of Unabated Facility Emission Potentials for Evaluating Airborne Radionuclide
Monitoring Requirements at Pactfic Northwest National Laboratory

* Environmental Management Services Department Non-Reactor Nuclear Facility Training Plan Pacjic Northwest
National Laboratory, April 2005.

* PNL-MA-834, Rev 2, Training Implementation Matrix
* EMS-AIR-0 13, Rev. 4, Preparing Notice of Construction Applications for Radioactive Air Emissions
I Summary ofAnnual Radionuclide Inventory Assessment Review Process - 2005/6
* RPL Potential-to-Emit Determination 2005.

Staff laterviewed:
* Todd Gervais

1. Does the PNNL quality assurance program meet the requirements of WAC-246-247-075(6)?

WAC-246-247-.075(6) requires licensed facilities to conduct and document a quality assurance program that is compatible
with applicable national standards such as ANSI/ASME NQA-1-1988, ANSI/ASME NQA-2-1986, QA/R-2, and QA/R-5.
The PNNL QA program, as described in EM-QA-01, Effluent Management Quality Assurance Plan, is compatible with the
applicable national standards of QAIR-5 and is based on the requirements defted in DOE Order 414.IA, Quality Assurance,
and 10 CFR 830, Energy/Nuclear Safety Management, Subpart A, Quality Assurance Requirements. The quality assurance
plan described in EM-QA-01 meets the WAC-246-247-075(6) requirement.

2. Does PNNL have work processes in place for perforaing PTE determinations?

PNN L-10855, Rev 3, Assessment of Unabated Facility Emission Potentialsfor Evaluating Airborne Radionuclide
Monitoring Requirmients at Pacific Northwest National Laboratory describes the methods and processes used by PNNL to
determine the potential emissions of radioactive materials from PNNL operated facilities. WAC-246-247 prescribes several
methods for projecting potential unmitigated annual emission quantities. PNNL employs an inventory-based calculational
method in performing PTE determinations. Inventory information is managed and tracked using the Radioactive Material
Tracking System (RMT).

eMSD-ADMIN-O1 Exhbit 2
Rev. 4 -October 31 2005



PACIFIC NORTHWEST NATIONAL LABORATORY QUALITY ASSURANCE
PROGRAM ASSESSMENT IN RESPONSE TO ORDER NO. 3

OF 222-S NOTICE OF VIOLATION IN AIR 05-1103 (cont)

3. Does PNNL have processes in place to provide that knowledgeable staff review documents containing PTE determiations
for correctness prior to document release?

PNNL-10855, Section 2.3, Potential Emission Dose Assessment, directs that periodic PTE assessment documents be
independently reviewed. Annual facility radionuclide assessments and TE determinations are subsequently reviewed and
approved by the assessment preparer, a reviewer, the divisional facility representatives of inventory custodians, and the
relevant building managers.

EMS-AIR-013, Section 7.2, Internal Review and Approval, outlines the review and approval process for preparation of
Notice of Construction (NOC) documentation containing PTE determinations. The EMS-AIR-013 process implements the
technical review requirements of EM-QA-01.

The annual NESHAPs assessment prepared by Effluent Management for PNNL operated facilities is reviewed by the
Radiological Air.Task Lead prior to document release.

4. Are staff performing PTE deteninations adequately trained to perfonn the task?-

Effluent Management staff are responsible for performing PTE determinations for PNNL operated facilities. EM-QA-01,
Section 2, Personnel Training and Qualification describes.training requirements and qualifications of Effluent Management
staff. Additionally, the training.requirements for EM staff working in nuclear facilities are defined in the Environmental
Management Seryices Department Non-Reactor Nuclear Facility Training Plan.

EM-QA-01, Section 2.5, Project-Speciflc Training, details the responsibilities and methods of developing task specific
training. Training maybe in the form of classes, reading assignments and briefings. Training is documented and forwarded
to Laboratory Training Coordination and maintained in each staff members training and qualification records.

Effluent management utilizes the Staff Development and Review (SDR) Process to continually assess staff performance,
qualification, and training requirements. Immediate line managers determine staff training requirements and request
additional training, courses, and skill enhancements necessary to effectively perform specific tasks. SDR annual review
documents describe staff member's position scope, accountabilities and the level of knowledge, skill, and education required
to perfonuthe position-

Conclusion: No corrective actions or deficiencies were identified as a result of this assessment.

Subsequent Actions
(Related to Associated Results)

Assigned Action Action Owner Due Date ATS Tracking
ID

1. NIA

2.

3.

4.

5.

6.

Actions Assigned By: Date:

Completion (To be signed by lead assessor when assessment is completed.)
Signature: 7

Completion (To be signed by manager when assessment is completed and all actions have been entered into ATS)
Signature:
Date:h ;o

EMSD-ADMIN-001
Rev. 4

Exhibit 2
October 31, 2005



WASIHNGTON CLOSURE HANFORD QUALITY ASSURANCE PROGRAM
ASSESSMENT IN RESPONSE TO ORDER NO. 3 OF 222-S NOTICE OF VIOLATION

IN AIR 05-1103

Background

The Washington Department of Health (WDOH) issued a Notice of Violation and Compliance
Order, AIR 05-1103, on November 17, 2005. The notice of violation (NOV) was issued for
incorrectly designating the 296-S-21 emission unit at the 222-S laboratory as a "minor" emission
unit based on a miscalculation of the emission unit's potential-to-emit. The NOV and Order
identified some actions that apply to the entire Hanford Site. The Department of Energy
requested FH to work jointly with to other site contractors to coordinate input.

Item #3 of Section II, Order, requires the following:

"Within six months of receipt of this Notice of Violation and Compliance Order, re-evaluate
your quality assurance program in accordance with WAC 246-247-075(6) to make certain that
adequate processes and organizational safeguards are in place to ensure the accuracy of PTE
determinations, and submit a copy of the document to DOH for review and approval."

Washington Administrative Code 246-247-075(6) requires licensed facilities to conduct and
document a quality assurance (QA) program that is "compatible with applicable national
standards such as ANSI/ASME NQA-1, 1-1998, ANSIJASME NQA-2-1986, QA/R-2, and
QA/R-5". The WCH QA program is documented in ENV-1-1.15, Quality Assurance Project
Planfor Radiological Air Emissions Monitoring that is selectively modeled after QA/G-5. The
EPA document QA/G-5 addresses the specifications of QA/R-5 and provides guidance in
developing quality assurance project plans.

Evaluation

The WCH has an existing process for preparing and documenting calculations that is defined in
EDPI-4.37-01, Project Calculations. This procedure will be replaced with WCH procedure
ENG-1-4.5, Project Calculations. The project calculation procedure identifies the method and
format for preparing, checking, reviewing, revising, filing, retaining, and releasing calculations.
The procedure calculation also identifies the requirement to assign qualified personnel to
originate and check calculations.

The new WCH Procedure ENV-1-1.15, Quality Assurance Project Plan, requires that PTE
determinations are to be prepared in accordance with ENG-1-4.5, Project Calculations. The new
WCH environmental requirements procedure, ENV-1-1.1, Air Quality, also requires project
calculations to be documented and verified in accordance with ENG-1-4.5, Project Calculations.
Personnel assigned to WCH are required to work to EDPI-4-37.01 until ENG-1-4.5 is released.
The process established in project calculation procedures should ensure the accuracy of PTE
determinations;
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ABBREVIATIONS AND ACRONYMS

AED aerodynamic equivalent diameter
AMAD activity median aerodynamic diameter
ANSI American National Standards Institute
ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
CFR Code of Federal Regulations
DCG Derived Concentration Guides
DOE U.S. Department of Energy
EPA U.S. Environmental Protection Agency
HEDOP Hanford Environmental Dose Overview Panel
HEPA high-efficiency particulate air [filter]
LIGO Laser Interferometer Gravitational Wave Observatory
NDA nondestructive assay
NOC Notice of Construction
MEI Maximally Exposed Individual
MPR Maximum Public Receptor
PNNL Pacific Northwest National Laboratory
PTRAEU Portable Temporary Radioactive Air Emission Unit
WAC Washington Administrative Code
WDOH State of Washington Department of Health

DEFINITIONS

Acute Release - A short duration release with a significant emission rate.

Chronic Release -- When emissions are nearly continuous and the emission rate is nearly
constant for a period of at least 3 months.

Emission Zone - The Hanford Site has five major operating areas, the 100, 200 East, 200
West, 300, and 400 Areas, with the 100 Areas consisting of several distinct operating areas:
100-B/C, 100-D/DR, 100-F, 100-F, 100-KE/KW, and 100-N. Within those operating areas, 11
emission zones were established, based on differing receptor locations, atmospheric dispersion
factors, and source locations. The emission zones are typically defined by the boundaries of
each operating area, except for the 300 Area, which was divided into two emission zones (300-E
and 300-W) representative of their distinctly different meteorology. For all facilities or outside
activities located within an emission zone, the Dose-Per-Unit Release factors for that zone are to
be used.

Maximum Public Receptor - The Maximum Public Receptor (MPR) is defined in greater
detail below, along with a similarly detailed definition of the Maximally Exposed Individual
(MEI). But first, a simplified "bulleted" listing of MPR and MEI attributes is given next to
highlight their differences.

Y
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MPR attributes:
* a real or hypothetical member of the public at a location that is now occupied or could be

occupied in the future
" may include a member of the public who is not employed by the Department of Energy or

its contractors and who has unrestricted access to a work location on the Hanford Site
" a person or location that receives the maximum radiological dose from emissions emanating

from a particular facility or emission zone
" determined by a prospective calculation using data reflecting future potential emissions
" use of meteorological data averaged over a long period; i.e., several years, at least
" hypothetical annual emission rates: either a potential-to-emit (i.e., unabated) emission rate

or an abated emission rate estimate
" used to determine emission monitoring requirements for permitting new emission sources

and for modifications to existing emission sources.

MEl attributes:
" an actual person who could occupy a qualifying school, business, or residence for a

substantial fraction of a year
" a person who receives the maximum dose from all Hanford emission points
" can include a member of the public who is not employed by the Department of Energy or its

contractors and who has unrestricted access to a work location on the Hanford Site
" determined by a retrospective calculation using data on actual emissions in a past calendar

year
" meteorological data from the year analyzed are used for determining the dispersion factors
" emissions are measured or estimated "actual" annual emissions from Hanford facility

operations, including diffuse and fugitive sources of emissions
" used for demonstrating compliance with emission standards

Maximum Public Receptor - MPRs are real or hypothetical members of the public at
locations off the Hanford Site or on the Hanford Site at work locations with unrestricted access
who incur the maximum radiological dose from a single source located within one of 11
established Hanford Site emissions zones. At least one MPR was established for each of the
emission zones at the Hanford Site, whether those receptors are located onsite or offsite.
Potential MPRs include employees working at facilities on the Hanford Site leased or owned by
companies not affiliated with the Department of Energy or its contractors. Facilities at which
MPRs work are further defined as affording unrestricted access to any member of the public. All
MPRs are conservatively assumed to be at their locations 24 hours a day, every day of the year.
Dispersion factors for particulate, volatile, and gaseous radionuclide emissions, based on multi-
year meteorological data, are used to determine MPR locations. The geographic directions for
the dispersion factors are identified within each emission zone. Distance from a central release
point within an emission zone to potential MPRs is also a factor. MPRs locations, then, are those
places at which the highest possible prospective (as opposed to actual historical) dose is
calculated, using a combination of dispersion factors and distance to a potential MPR, along with
other CAP88-PC parameters such as inhalation, exposure, and ingestion rates. Offsite MPR
locations are always at the Hanford Site boundary where the potential exists for full occupancy
by a member of the public. Onsite MPR locations arc currently limited to two locations: the
Energy Northwest Columbia Generating Station and the Laser Interferometer Gravitational
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Wave Observatory (LIGO). Determining which MPR location is applicable to which emission

zone depends on the combination of all parameters.

Three of the current 11 emission zones have dose-per-unit release factors for both an offsite and

an onsite MPR. Those emission zone MPRs are determined by the radionuclides being modeled,
which may vary according to the potential-to-emit source of radionuclides. This means the MPR

for one activity may be onsite but another activity that emits a different mix of radionuclides may
have an MPR located offsite. For the eight emissions zones (all six 100 Area zones and the two

300 Area zones) having each only a single MPR (offsite in every case), the offsite MPR dose
factors for every radionuclide in the CAP88-PC library were greater than the respective onsite
dose factors, which obviated the listing of onsite factors.

Maximally Exposed Individual - The Maximally Exposed Individual (MET) is a member of
the public who is located either off the Hanford Site or at on onsite location where access is
unrestricted. The MEI incurs the maximum radiological dose from all measured and/or
calculated radionuclide emissions from the Hanford Site during a past calendar year. Therefore,
the MEI dose-model calculation is retrospective in nature and uses actual emission and
meteorological data gathered from just the year evaluated. Emissions affecting the MEI
originate from point sources (i.e., actively ventilated stacks and vents) as well as from fugitive
and diffuse sources. Compliance with federal and state dose standards is determined by the MEI
dose. The meteorology is different in models for the Maximum Public Receptor (MPR) used to
estimate potential-to-emit conditions for, say, Notices of Construction. The MPR meteorology
reflected in this document encompasses as much as 14 years of data for most potential MPR
locations. To that extent, the MEI and MPR differ. They also differ in that the MPR is
hypothetically exposed for a prospective future year's worth of potential emissions from an
individual source within a single emission zone, whereas the MEI is exposed to all actual
emissions from the Hanford Site for a previous calendar year. Consequently, the dose-per-unit
release factors for the MEI vary from those for the numerous MPRs. In a given year, an MPR
location may be the same as the MEI location, yet even so the dose factors will not be the same,
largely because of the differing meteorological data used. The MEI location, however, will not
serve as the MPR location for every Hanford emission zone, nor should the term MEI be used
interchangeably with MPR.

Stack Designation - Hanford Site stacks and vents that have or could potentially have
emissions of radioactive material are classified as either "designated" (aka Category I or
"major") or nondesignated (aka Category 2 or "minor"). A designated stack has the potential to
discharge radionuclides into the air that could cause an effective dose equivalent (EDE) in excess
of 0.1 mrem/year. A nondesignated stack has the potential to discharge radionuclides into the air
that could cause no more than 0.1 mrem/year EDE. Potential-to-emit (PTE) calculations are
performed to determine the classification of stacks and vents (PTE calculations are also done for
activities involving non-point sources [i.e., not a stack or vent] that could potentially release
radionuclides into the ambient air).
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1.0 INTRODUCTION

This document is essentially a handbook offered as a convenience to Hanford Site personnel
when they need to estimate radionuclide emissions and subsequent radiological doses to both
offsite and onsite members of the public (it supersedes a Fluor Hanford document, Calculating
Potential-to-Emit Releases and Dose for FEMPs and NOCs [HNF-3602, Rev. 1, 2002]). Such
potential doses are often needed for determining point source categorization (i.e., "stack
designation") and Notices of Construction (NOC). Onsite members of the public are those who

have unrestricted access to their workplace within Hanford Site boundaries but who are not
employed by the U.S. Department of Energy (DOE) or its contractors. Within the context of this

document, members of the public for whom radiological dose factors have been provided for
estimating potential maximum doses they might receive are termed Maximum Public Receptors
(MIPRs). They vary in location according to their geographical relationship to radionuclide
emission points, meteorological conditions, and levels and types of radionuclide emissions.
Information and methods are given for estimating emissions from facilities or emission units and
the resulting effective dose equivalent (EDE) to an MPR for use in regulatory NOCs, in
accordance with requirements in 40 CFR Part 61, Subpart H, and with Washington
Administrative Code (WAC) Chapters 246-247.

Note: Care should be taken not to use the information in this document for applications other
thah those approved. A key example of an inappropriate application is using this document to
estimate actual emissions for demonstration of compliance with annual dose limits; The Hanford
Site effluent monitoring and reporting program annually demonstrates for both individual facilities
and cumulatively for the Site the measure of compliance with DOE, state, and federal
requirements imposed on-actual radionuclide air emissions. The dose model that uses the
measured emission data focuses on the Maximally Exposed Individual (MEl), who is not
necessarily the same individual as any MPR identified herein. The dose factors used in the
annual MEI model differ from MPR dose factors because the meteorology associated with the
MEI is from only the year being evaluated for compliance.

Hanford-specific meteorological data from a 14-year period (1983 through 1996) were integrated
into the dose-per-unit release factors (dose factors) presented in this document for determining
the effective dose equivalent (EDE) to an MPR, whether located on or off the Hanford Site.
Members of the public who work on the Hanford Site at locations to which access is unrestricted
(i.e., no Hanford-specific security or radiological requirements imposed) are to be evaluated as
potential MPRs. Only two of the meteorological stations, numbers 23 and 24, respectively, at
Gable Mountain and the 100-F Area, had 10-year data sets, 1986 through 1996. Data sets from
those locations are shorter because data collection there began later than at other locations.

The methods and information in this document have been reviewed and for technical validity as
described in Recommended Environmental Dose Calculation Methods and Hanford-Specific
Parameters (PNNL-3777). Although the by a Hanford Environmental Dose Overview Program,
initiated by the DOE Richland Operations Office in the 1970s, is no longer active, the parameters
and principles described in the document are still considered valid for preparing assessment
involving the environmental transport of radioactive material that could be, or has been, released
from a Hanford Site facility or operation. Thos Hanford-specific parameters have been approved
by both EPA and WDOH for use in compliance, permitting, and reporting calculations.
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2.0 ESTIMATING POTENTIAL EMISSIONS

This document describes methods currently accepted by the State of Washington Department of

Health (WDOH) and the United States Environmental Protection Agency (EPA) Region 10.
Other acceptable methods are available for estimating potential emissions; however, methods
that differ from those described herein may require a more extensive review and approval cycle.

2.1 APPROVED METHODS

Four methods for estimating potential unabated emissions are approved for use by WAC Chapter
246-247-30(21). The methods are:

1. multiply the annual possession quantity of each radionuclide by the release fractions
provided in WAC Chapter 246-247-30(21)(a) and in 40 CFR Part 61, Appendix D

2. back-calculate using measured emission rates and in situ measurements of control device
efficiencies, as approved by WDOH

3. measure the quantities of radionuclides captured in each control device, coupled with in
situ measurements of control equipment efficiencies, as approved by WDOH

4. sample the effluent upstream from all control devices, as approved by WDOH.

Washington Administrative Code 246-247-30(21)(e) and 40 CFR Part 61, Subpart H, Section
61.96, allow alternative methods, but prior to use they. must be approved by WDOH and EPA
Region 10. They have previously approved the following alternative method, designated here as
method 5, for estimating potential emissions:

5. multiply the annual possession quantity of each radionuclide by material-specific spill-
release fractions, rather than using release fractions in WAC 246-247 and 40 CFR Part
61, Appendix D.

Method 1 above is authorized by 40 CFR Part 61, Subpart H, for calculating potential emissions.
EPA Region 10 has also previously approved the use of Methods 2 through 5. The use of
methods other than Methods I through 5 usually require a more extensive review and approval
process.

2.1.1 Method 1: Annual Possession Quantity

Method 1 is prescribed in 40 CFR Part 61, Appendix D, and in WAC 246-247-030(21). The
method in WAC 246-247-030(21)(a) is:

"Multiply the annual possession quantity of each radionuclide by the release fraction for that
radionuclide, depending on its physical state. Use the following release fractions:
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(i) 1 for gases;
(ii) 10- for liquids or particulate solids; and
(iii) 10-6 for solids.

Determine the physical state for each radionuclide by considering its chemical form and the
highest temperature to which it is subjected. Use a release fraction of one if the radionuclide is
subjected to temperatures at or above its boiling point; use a release fraction of 10- (equivalent
to 1 E-03) if the radionuclide is subjected to temperatures at or above its melting point, but
below its boiling point. If the chemical form is not known, use a release fraction of one for any
radionuclide that is heated to a temperature of 100 degrees Celsius or more, boils at a
temperature of 100 degrees Celsius or less, or is intentionally dispersed into the environment."

This method is extremely conservative, because many materials have release fractions for
accident scenarios that are orders of magnitude lower than those provided in Appendix D. For
example, in an accident scenario for a spill of powder from a 1-meter height, a 4 E-05 release
fraction (Sutter et al. 1981) would be used when the particle size is 10-micron aerodynamic-
equivalent diameter (AED) and less. Likewise, a 4 E-05 release fraction (Sutter et al. 1981)
would be used for a liquid spill from a 3-m height. The release fractions for both of these cases
are more than two orders of magnitude lower than the Appendix D release fraction of 1 E-03 for
particulate solids.

When the source-terra properties are known and alternate release fractions are available, use of
Method 5 should be considered.

2.1.2 Method 2: Back-Calculating Emissions and In Situ Measurements

WAC Chapter 246-247-030(21)(b) states that with approval a back-calculation using measured
emission rates and in situ measurements of the control equipment efficiencies can be used to
estimate potential unabated emissions.

Most of Hanford emission-control equipment includes a high-efficiency particulate air (HEPA)
filter system. The Nuclear Air Cleaning Handbook (ERDA 76-21) provides a decontamination
factor of 3,000" for EEPA filter systems, in which "n" represents the number of HEPA filters in
series. The use of a decontamination factor of 3,000" has been allowed by VDOH and EPA for
systems utilizing n banks of HEPA filters in series. The potential emissions are then calculated
by multiplying the actual annual emissions by the decontamination factor (i.e., 3,000").

Method 2 can be extremely conservative for a contaminated system. When processing in a
facility no longer occurs, the resuspension of contamination downstream of the HEPA filters can
dominate the airborne releases from that facility. Multiplying those releases by 3,000" can
overestimate the potential emissions by an order of magnitude or more (Barnett and Davis 1996).

2.1.3 Method 3: Control Device and In Situ Measurements

WAC Chapter 246-247-030(2 1)(c) states that with approval a measurement of the quantities of
radionuclides captured in the control device, coupled with in situ measurements of the control
equipment efficiencies, can be used to estimate potential unabated emissions. Several variations

2-2



DOE/RL-2006-29

of performing this method are available. Each variation is described in sections 2.1.3.1 and

2.1.3.2.

2.1.3.1 Method 3.1: Control Device Inventory

Samples are taken of the collection media from a control device, which are representative of the
radionuclide inventory contained within that control device. Isotopic analyses are performed on

the samples. The radionuclide inventory in the control device is estimated using the sample
results; operating history of the device, and the appropriate radioactive decay corrections. An
annual release rate is calculated based on the radionuclide inventory of the control device, its
operating history, and its collection efficiency. The potential emissions are then calculated by
dividing the annual release rate by the collection efficiency of the control device.

2.1.3.2 Method 3.2: Control Device NDA

A nondestructive assay measurement (NDA) is used to detennine the radionuclide inventory of a
control device. The radionuclide inventory in a control device is estimated using the NDA
results, operating history for the device, and the appropriate radioactive decay corrections. An
annual release rate is calculated based on the radionuclide inventory of the control device, its
operating history, and its collection efficiency. The potential emissions are then calculated by
dividing the annual release rate by the collection efficiency of the control device.

The NDA method most frequently used at the Hanford Site, described in Measurement of
Gamma Activityfrom HEPA Filters (WHC-SD-ER-TP-004, 1993), uses either a sodium-iodide
or high-purity germanium gamma-ray detector to quantify the gamma-emitting radionuclides
collected by the control device. An annual release rate is calculated for each gamma-emitting
radionuclide. Annual release rates for non-gamma-emitting radionuclides are calculated using
ratios obtained from actual radionuclide emissions measurements or inventory data.

2.1.4 Method 4: Measurement Upstream of Control Device

WAC Chapter 246-247-030 (21)(d) states that with approval effluent samples collected upstream
from all control devices can be used to estimate potential unabated emissions.

Representative air samples are collected at a location upstream from all control devices. The
samples are analyzed for expected radionuclides to determine their concentrations in the effluent
stream. The potential unabated emissions are then calculated by multiplying the radionuclide
concentrations by the annual discharge volume.

2.1.5 Method 5: Release Fractions

WAC Chapter 246-247-030(21)(a) states that with approval other release fractions may be used
to estimate potential unabated emissions.

This method is identical to Method 1, except that it uses material-specific release fractions to
calculate potential unabated emissions instead of the release fractions provided in WAC Chapter
246-247-030 or 40 CFR Part 61, Appendix D.
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2.2 METHODS NOT APPROVED

Methods to determine potential emissions that have not been approved by WDOH and EPA may
require additional time for their review and approval.
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3.0 CALCULATING DOSES TO THE MAXIMUM PUBLIC RECEPTOR

The method presented here simplifies dose calculations for users by eliminating the need to run

the CAP88-PC software (Chaki 2000). This method also incorporates Hanford Site-specific
parameters, particularly a multi-year profile of meteorological data, which is viewed as superior

over using default generic values in CAP88-PC. Successfully conducting a CAP88-PC run

requires familiarity with modeling assumptions used at the Hanford Site as well as site-specific

wind data and various pathway parameters needed as input to the CAP88-PC software.

Components of a dose calculation are discussed at length in the three sections that follow. The

first section deals with the radionuclide source term. The second section deals with the selection

of dose-per-unit release factors (dose factors). The third section describes how to combine the

data derived in sections one and two into a dose and the meaning of that dose.

Variations in wind data over time are relatively minor compared with other uncertainties in dose

calculations. The emphasis placed on using a particular set of meteorological data is unlikely to
have a significant impact on the overall conclusions of these calculations. For potential-to-emit

(PTE) calculations, using longer-term averaged meteorological data sets for the reporting period
is more appropriate, whereas using annually averaged meteorological data is preferred for annual

regulatory compliance reporting. Longer-term meteorological data predict more representatively

the meteorological conditions for activities projected several years into the future.

When annual meteorological conditions change significantly, it is recommended that the dose

factors be updated. The dispersion factors generated by CAP88-PC will be checked periodically
using an updated meteorological data set. If the degree of variance exceeds a factor of two
between the dispersion factors used for this document and those newly generated for the periodic
comparison checks, the dose factors in this document should be updated.

3.1 CALCULATING RELEASES

Care should be taken to provide results with the correct number of significant digits. Significant
digits should be handled in accordance with American Society for Testing and Material (ASTM)
Standard Practice for Using Significant Digits in Test Data to Determine Conformance with
Specifications (ASTM E 29). To minimize, "rounding" errors, as many significant figures as
possible should be carried through all calculations until the end of the calculation. Otherwise,
rounding errors may occur. Using a computerized spreadsheet is recommended for all release
calculations, since a computerized spreadsheet carries many significant digits but only displays
the number of digits specified for the cells in the spreadsheet. Doses to an MPR should be
reported using no more than two significant digits because the dose factors are at best only
accurate to two significant digits, even though CAP88-PC uses three significant figures in
reporting doses.

When potential emissions are estimated from an inventory of radioactive material, the activity of
each radionuclide in the inventory should be corrected for radioactive decay, if applicable. That
is, if the date of the inventory estimate is prior to the date of the emissions estimate, decay
correction should be considered if short-lived nuclides are involved. Significant errors may arise

3-1



DOE/RL-2006-29

in the calculations, and errors increase as half-lives of radionuclides decrease. Decay correction
is particularly important when dealing with the ingrowth of long-lived progeny from short-lived
parent nuclides (e.g., Am-241 from Pu-241). The following are the basic equations for
radioactive decay.

Equation 3.1: n 2
T!

2

Equation 3.2: A(t)= A(0) e

k radioactive decay constant in s-, min', hr1, day', or yr-
Ty half-life of radionuclide in s, min, hr, day, or yr
A(t) current activity of a radionuclide at time t in Ci or Bq
A(0) initial activity of a radionuclide in Ci or Bq
t time in s, min, hr, day, or yr.

Miscellaneous radioactive decay data (e.g., half-lives, branching ratios, decay chains, and modes
of decay) for most radionuclides can be found Radioactive Decay Data Tables (DOE/TIC-
11026). Equations for decay chains can be found in many textbooks.

3.2 SELECTING THE APPROPRIATE DOSE-PER-UNIT RELEASE FACTORS

Selecting appropriate dose factors is extremely important. This section provides guidance for
determining effective release height, using the tables of dose factors, and how to handle
radioactive decay chains.

3.2.1 Calculating Effective Release Height

Knowing the effective release height is needed to use the tables of dose factors in Section 4.0. In
most cases, this is the physical height of the point of release above grade. However, when
dealing with stacks, several other parameters could be considered.

Plume rise can significantly increase the effective stack height, resulting in substantial
differences in atmospheric dispersion estimates when not accurately accounted for. The plume
rise attributed to momentum and buoyancy needs to be added to the physical stack height to
obtain the effective release height, as shown in Equation 3.3.
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Equation 3.3: Ha = H + A hm+ A hb

Heff effective release height for stacks in m
H physical stack height (height above grade) in m
Ahm plume rise attributable to momentum in m
Ah plume rise attributable to buoyancy in m.

The plume rise attributable to momentum can be determined using Equation 3.4 or Equation 3.5.
Equation 3.5 is a simplified version of Equation 3.4 and thereby saves the user from calculating
the velocity of stack emissions.

Equation 3.4: Ahm=1.5vd

Ahm plume rise attributable to momentum in m
v effluent stack gas velocity in m/s
d inside stack diameter in m

p average wind velocity in m/s; use 3.4 m/s (7.6 mph) [PNNL- 1794].

When the stack flow rate and the stack diameter are known in the specified units of
measurement, use the following equation, which is a simplified equation for Ahm. This equation
includes all dose factors and uses 3.4 m/s (7.6 mph) for the average wind velocity (p).

Equation 3.5: A hm=(2.65E -04) Fsw
d

Ahm plume rise attributable to momentum in m
d inside stack diameter in m
FSTP volumetric stack flow rate at STP in cfim.

Equations 3.6 through 3.9 can be used to calculate the plume rise attributable to plume buoyancy.
Note that CAP88-PC uses several equations for buoyant plume rise. These equations apply to
MPR locations at distances greater than 10 times the physical stack height and atmospheric
stability classes A, B, C, and D. This is the only buoyant plume-rise equation provided in this
document, since it is the most appropriate equation for virtually every application that may be
encountered at the Hanford Site. Equation 3.9 is a simplified version of Equations 3.6 through
3.8, which will save the user several calculational steps.
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Equation 3.6: A hb =

1 )2
1.6 (3.7E- 05QHYi(lOH 3

Ip

plume rise attributable to buoyancy in m
heat emission from stack in cal/sec
physical stack height (height above grade) in m
average wind velocity in m/s; use 3.4 m/s (7.6 mph) [PNNL-11794].

Equation 3.7: Q =8.48E +04FaT. 1
(Ta

heat emission from stack in cal/sec
ambient temperature in 0K; use 285.2 'K (12.0 'C) [PNNL-l 1794]
exit temperature of the stack gas in 'K
volumetric stack flow rate at Ta in m3/s.

Equation 3.8: Fa=Fsp L =0.9948Fsrp

Fa
FsTP

Ta
Ts

volumetric stack flow rate at Ta in m3/s

volumetric stack flow rate at STP in m3/s
ambient temperature in *K; use 285.2 *K (12.0 *C) [PNNL-1 1794]
standard temperature in 'K; use 288.2 'K (15.0 'C).

The following equation is a simplified equation for Ahb when the physical stack height, stack
flow rate, and stack temperature are known in the specified units of measurement. This equation
includes all unit correction factors and uses 3.4 m/s (7.6 mph) for average wind velocity (u).

Equation 3.9:

Ahb
FSTP
H
T,

Ah=250E-01 F 285.2

plume rise attributable to buoyancy in m
volumetric stack flow rate at STP in cfin
physical stack height (height above grade) in m
exit temperature of the stack gas in *K.
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3.2.2 Using Dose-Per-Unit Release Factor Tables

Dose factors have been calculated for each emission zone. Emission zones are associated with

the major operating areas on the Hanford Site, which are the 100, 200 East, 200 West, 300, and

400 Areas, The emission zone in which an emission unit is located needs to be correctly

identified to ensure accurate use of the corresponding set of dose factors. Hanford Site emission

zones are shown in Figures 4-1 and 4-2. Figure 4-2 is of the 300 Area, consisting of two
emission zones, the division of which is defined by a dashed line.

The dose factors in each table are organized by effective release height and radionuclide. Two

effective release heights are used to represent both ranges of effective release heights. Ground-

level releases were modeled using an effective release height of 10 m, yet conservatively include

all release heights of less than 40 m. Elevated releases were modeled using an effective release

height of 40 m, which includes all release heights of equal to or greater than 40 m. Section. 3.2.1

provides guidance on calculating the effective release height.

After the emission zone and effective release height of an emission unit are identified, an

individual can look up the dose factors for each nuclide in the tables of Section 4.0. Nuclides in

the tables are arranged in order of atomic number and then atomic mass.

3.2.3 Handling Radioactive Decay Chains

Many radionuclides decay into other radionuclides, creating a radioactive decay chain consisting
of a parent nuclide and its radioactive progeny (i.e., decay products, aka daughters). Except

where noted (i.e., with a "+D"), the dose factors provided in Section 4.0 do not include any

progeny for nuclides with decay chains. Each nuclide in a source term should be evaluated to

determine if there are any decay products that could be significant to the calculations. If so, the

source term should be adjusted to include significant decay products. The dose factors for each

of the parent nuclides and each of the decay products would be used to calculate the total dose.

Progeny are often excluded from inventories, especially if considerable time is required for

significant ingrowth of the progeny. Sometimes progeny are inadvertently excluded, even when

the period for significant ingrowth is very short. An example of this is Y-90, the progeny of
Sr-90, which is inadvertently overlooked in many inventories and calculations. A source term of

pure Sr-90 only requires 19 days for Y-90 to reach secular equilibrium with Sr-90, such that
there are equal quantities present, in terms of radioactivity. Secular equilibrium is possible when

the half-life of the parent nuclide is much greater than that of the progeny. The time needed for

an immediate decay product to reach secular equilibrium with its parent nuclide is approximately

seven times the half-life of the decay product.

Branching ratios need accounting for as well. Nuclides that can decay into more than one decay

product have branching ratios. Branching ratios are the percentages of radioactive decays that

transform into particular decay products. An example of this is Cs-137, which decays to Ba-

137m 94.6% of the time while the other 5.4% of the time decaying to stable Ba-137. Because of

the 94.6 % branching ratio, the activity of Ba-137m will come within 94.6 % of the activity of

Cs- 137 within approximately seven half-lives (i.e., about 18 minutes).
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Performing radioactive decay calculations is more difficult on more complex decay series

because of branching ratios and different half-lives. Using a computer code such as RadDecay is
recommended for most radioactive decay calculations, especially when a nuclide has multiple
decay products.

3.3 RADIONUCLlEES WITHOUT DOSE-PER-UNIT RELEASE FACTORS

CAP88-PC calculates doses for only the 265 radionuclides contained in its library files. If no
dose factors were computed for a particular nuclide, the dose factors for another nuclide may be
substituted for the nuclide not included in the CAP88-PC Library. Selection of an appropriate
substitute nuclide is very important to avoid either nonconservative errors or grossly
conservative errors. For that reason, the substitute nuclide should have similar radiological and
physical characteristics (i.e., particulate, volatile, or gaseous) to the missing nuclide to minimize
differences attributable to atmospheric dispersion.

Three methods are recommended for selecting a substitute nuclide. The first method is to find a
nuclide with the same physical characteristics and comparable Derived Concentration Guide
(DCG) for air. The table of DCGs is in Chapter III of DOE Order 5400.5. The second method is
to find a nuclide with the same physical characteristics and a comparable dose factor calculated
using a generic run of the GENII (PNL-6584, 1988) environmental dose assessment code. The
third method is to use both methods to select a suitable substitute radionuclide.

3.4 WHEN A SCENARIO-SPECIFIC CAP88-PC RUN IS WARRANTED

This section describes most of the scenarios in which it is inappropriate to use the dose factors in
the tables of Section 4.0 and when dose factors for a specific scenario should be generated.

3.4.1 Emission Units Outside Emission Zones

When an emission unit is not located within or near a given emission zone, as shown in Figures
4-1 and 4-2, CAP88-PC will need to be run for the specific scenario. One exception to this
would be emission units between the 200-E and 200-W emission zones. If an emission unit is
located there, the dose factors for the zone to which the emission unit is closest should be used.
In the event the emission unit is almost exactly between the 200-E and 200-W emission zones,
the dose factors yielding the more conservative total dose should be used.

3.4.2 Nonchronic Releases

PTE calculations are usually performed for chronic release scenarios in which emissions are
nearly continuous and the emission rate nearly constant for relatively long periods of time. For
this document, a chronic release is defined as nearly continuous for a period of at least 3 months.
However, some of the release scenarios at the Hanford Site are for relatively short periods of
time (i.e., less than 3 months), can be intermittent, and/or have variable emission rates. These
types of releases are not considered chronic releases, which makes use of the dose factors in
Section 4.0 inappropriate.
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The CAP88-PC model was designed to address only chronic releases. Currently, no regulatory-
mandated, EPA-approved atmospheric-dispersion and dose-modeling codes are available to
model nonchronic releases. Using CAP88-PC-generated dose factors for these scenarios can
significantly underestimate doses to the MPR.

Another option is to use the GENII model to generate scenario-specific dose factors for short-
term releases, even when the release has a duration of less than one month. GENII should be
used to generate dose factors at the 95th percentile. The GENII model is the official Hanford
Site model for demonstrating compliance with DOE requirements. However, using GENII or
any other model for regulatory work requires appropriate agency approval.

3.4.3 Estimated Doses Near 0.1 mremlyr

When estimated doses are within an order of magnitude of 0.1 mrem/yr (i.e., 1.0 to 0.01
mrem/yr), a scenaric -specific CAP88-PC run may be warranted to eliminate additional
conservatism from the dose calculation. The benefits of a scenario-specific run should be
carefully weighed, since such a run can significantly increase the cost of performing and
documenting the PTE; however, the potentially counter-balancing cost savings of avoiding major
stack monitoring, maintenance, and inspection requirements should also be considered.

3.4.4 Default Lung-Retention Classes or Particle Sizes That Are Inappropriate

When the default lung-retention class or particle size for a nuclide is not appropriate and results
in an unacceptably conservative or nonconservative dose factor, a scenario-specific CAP88-PC
run should be considered. To conduct such a run, the lung-retention class and/or the particle size
in relation to activity median aerodynamic diameter (AMAD) must be known. The lung-
retention classes for many compounds can be found in Chapter III of DOE Order 5400.5.

CAP88-PC only allows the user to toggle between the valid choices for lung-clearance class and
particle size. Particle-size options are extremely limited by CAP88-PC, resulting in the inability
to change most nuchdes from their default settings. The options for lung-clearance class are very
limited, also. CAP88-PC limits the user to certain lung-clearance classes that it considers valid,
even when other valid lung-clearance classes exist. The default lung-clearance class and particle
size used by CAP88-PC for each nuclide are provided in Table 3-1. CAP88-PC does not specify
the default lung-clearance class nor does it allow the user to specify a class for some nuclides.
Also, CAP88-PC specifies a particle size of 0.0 for some nongaseous nuclides and does not
allow the user to change the default parameter.

If a user encounters a scenario that may significantly underestimate or overestimate the dose
because of CAP88-PC-imposed limitations for lung-clearance classes and particle sizes, the user
may seek approval from the regulatory agencies to use a more appropriate computer model.

3.4.5 Releases Dominated by Volatile Radionuclides

When developing the dose factors in this document, an observation arose regarding the scenarios
in which volatile nuclides (i.e., halogen nuclides) are involved. The distances and directions to
respective MIPRs are different for volatile nuclides in the 100-B/C, l00-D/DR, 100-H, 100-K,
100-N, and 200-W Area emission zones. A single MPR was chosen for each emission zone,
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resulting in an acceptably small error for most scenarios. However, the results may be
nonconservative when releases are dominated by volatile nuclides.

A scenario-specific CAP88-PC run should be considered when an emission unit is located in one
of the previously listed emission zones and the calculated unabated dose attributable to any
specific volatile nucilide accounts for 5% or more of the total dose for that emission source, using
the dose factors provided in Section 4.0. This does not apply to the 100-F, 200-E, 300-E, 300-
W, and 400 Area emission zones, because the distances and directions to each respective MPR
are the same for particulate, volatile, and gaseous nuclides.

3.4.6 Releases from Area Sources

When the ratio of receptor-distance versus source-diameter for an area source is 2.5 or greater,
that area source is modeled as a point source by CAP88-PC. However, the differences in the
dose factors are insignificant (i.e., within a factor of two) even when the ratio is as little as 0.22.
(For clarification, the "receptor-distance/source-diameter" ratio applies to the distance between
the receptor location and the center of the area source - or for a noncircular area, the "centroid"
of the source - and the "effective" diameter of the source. This would only apply to onsite
MPRs because none of the offsite MPRs are close enough for the source geometry to make a
difference.) A scenario-specific CAP88-PC run is recommended when the receptor-
distance/source-diameter ratio is less than 0.22.

Equation 3.10: dff = F4A

dff effective diameter of an area source in m.
A area of the source in m2

3-8



DOE/RL-2006-29

Table 3-1. Default Lung-Clearance Classes and Particle Sizes in CAP88-PC.

H-3 N/A 0.00 Kr-85 N/A 0.00
Be-7 y 1.00 Kr-85m N/A 0.00

Be-10 N 0.00 Kr-87 N/A 0.00

C-11 D 1.00 Kr-88 N/A 0.00

C-14 N/A 0.00 Kr-89 N/A 0.00
C-15 D 1.00 Kr-90 N/A 0.00
N-13 D 1.00 Rb-86 D 1.00
0-15 D 1.00 Rb-87 D 1.00
F-18 D 1.00 Rb-88 D 1.00

Na-22 D 1.00 Rb-89 D 1.00

Na-24 D 1.00 Rb-90 0.00
P-32 D 1.00 Rb-90m 0.00
S-35 D 1.00 Sr-89 D 1.00

Ar-41 N/A 0.00 Sr-90 D 1.00
K-40 D 1.00 Sr-91 D 1.00
Ca-41 - 0.00 Sr-92 D 1.00
Sc-46 Y 1.00 Y-90 Y 1.00
Cr-51 Y 1.00 Y-90m - 0.00
Mn-54 W 1.00 Y-91 Y 1.00
Mn-56 W 1.00 Y-91m Y 1.00

Fe-55 w 100 Y-92 Y 1.00
Fe-59 W 1.00 Y-93 Y 1.00
Co-57 Y 1.00 Zr-93 W 1.00
Co-58 Y 1.00 Zr-95 W 1.00
Co-60 Y 1.00 Nb-93m Y 1.00
Ni-59 W 1.00 Nb-94 Y 1.00
Ni-63 W 1.00 Nb-95 Y 1.00
Ni-65 W 1.00 Nb-95m Y 1.00

Cu-64 Y 1.00 Nb-97 - y 1.00
Zn-65 Y 1.00 Nb-97m Y 1.00

Zn-69m Y 1.00 Mo-93 - 0.00
- Zn-69 Y 1.00 Mo-99 Y 1.00

Ga-67 W 1.00 Tc-97 W 1.00
As-76 W 1.00 Tc-99 W 1.00

Se-79 - 0.00 Tc-99m W 1.00
Br-82 D 1.00 Tc-101 - 0.00
Br-83 0.00 Ru-97 Y 100
Br-84 - 0.00 Ru-103 Y 1.00
Br-85 - 0.00 Ru-105 Y 1.00

Kr-83m N/A 0.00 Ru-106 Y 1.00
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Table 3--1. Default Lung-Clearance Classes and Particle Sizes in CAP88-PC.

Rh-106 Y 1.00 I-132 D 1.00

d-105m Y 1.00 1-130 D 1.00
Rh-106 Y 1.00 1-131 D 1.00

Ad-107 Y 1.00 1-133 D 1.00

Pd-109 Y 1.00 1-134 D 1.00

Ag-109m Y 1.00 - 1-135 D 1.00

Ag-110 Y 1.00 Xe-122 N/A 0.00

Ag-110m Y 1.00 Xe-123 N/A 0.00

Ag-111 Y 0.00 Xe-125 N/A 0.00

Cd-113 - 0.00 Xe-127 N/A 0.00
Cd-l3m 0.00 Xe-131m N/A 0.00
Cd-115 Y 1.00 Xe-133 N/A 0.00

Cd-115m Y 1.00 Xe-133m N/A 0.00

In-113m W 1.00 Xe-135 N/A 0.00
In-115 W 1.00 Xe-135m N/A 0.00

In-115m W 1.00 Xe-137 N/A 0.00
Sn-113 W 1.00 Xe-138 N/A 0.00
Sn-123 - 0.00 Cs-134 D 1.00
Sn-125 W 1.00 Cs-134m D 1.00

Sn-126 W 1.00 Cs-135 D 1.00
Sb-124 W 1.00 Cs-136 D 1.00

Sb-125 W 1.00 Cs-137 D 1.00

Sb-126 W 1.00 Cs-138 D 1.00
Sb-126m W 1.00 Cs-139 0.00
Sb-127 W 1.00 Ba-133 D 1.00

Te-125m W 1.00 Ba-133m D 1.00
Te-127 W 1.00 Ba-137m D 1.00

Te-127m W 1.00 Ba-139 D 1.00

Te-129 W 1.00 Ba-140 D 1.00
Te-129m W 1.00 Ba-141 0.00

Te-131 W 1.00 Ba-142 - 0.00
Te-131m W 1.00 La-140 W 1.00
Te-132 W 1.00 La-141 - 0.00

Te-133 0.00 La-142 - 0.00

Te-133m - 0.00 Ce-141 Y 1.00
Te-134 - 0.00 Ce-143 Y 1.00

1-122 D 1.00 Ce-144 Y 1.00
1-123 D 1.00 Pr-143 Y 1.00

1-125 D 1.00 Pr-144 Y 1.00
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Table 3-1. Default Lung-Clearance Classes and Particle Sizes in CAPS8-l'C.

N-147m y . 1.00 Po-212 0 .00

Pm-147 Y 1.00 Po-213 W 1.00
Pm-148 Y 1.00 Po-214 W 1.00

Pm-148m Y 1.00 Po-215 W 1.00

Pm-149 Y 1.00 Po-216 W 1.00

Pm-151 - 0.00 Po-218 W 1.00

Sm-147 W 1.00 At-217 D 1.00

Sm-151 W 1.00 Rn-219 N/A 0.00

Sm-153 W 1.00 Rn-220 N/A 0.00

Eu-152 W 1.00 Rn-222 N/A 0.00

Eu-152m - 0.00 Fr-221 D 1.00

Eu-154 W 1.00 Fr-223 D 1.00

Eu-155 W 1.00 Ra-223 W 1.00

Eu-156 W 1.00 Ra-224 W 1.00

Gd-152 0.00 Ra-225 W 1.00

Tb-160 W 1.00 Ra-226 W 1.00

Ho-166 W 1.00 Ra-228 W 1.00

Ho-166m - 0.00 Ac-225 Y 1.00

Hf-181 W 1.00 Ac-227 Y 1.00

W-181 D 1.00 Ac-228 Y 1.00

W-185 D 1.00 Th-227 Y 1.00

W-187 D 1.00 Th-228 Y 1.00

Re-187 W 1.00 Th-229 Y 1.00

Ir-192 Y 1.00 Th-230 Y 1.00

Hg-203 W 1.00 Th-231 Y 1.00

TI-207 D 1.00 Th-232 Y 1.00

T1-208 D 1.00 Th-234 Y 1.00

T1-209 D 1.00 Pa-231 Y 1.00

Pb-209 D 1.00 Pa-233 Y 1.00

Pb-210 D 1.00 Pa-234 Y 1.00

Pb-211 D 1.00 Pa-234m Y 1.00

Pb-212 D 1.00 U-232 Y 1.00

Pb-214 D 1.00 U-233 Y 1.00

Bi-210 W 1.00 U-234 Y 1.00

Bi-211 W 1.00 U-235 Y 1.00

Bi-212 W 1.00 U-236 Y 1.00

Bi-213 W 1.00 U-237 Y 1.00

Bi-214 W 1.00 U-238 Y 1.00

Po-210 W 1.00 U-240 Y 1.00
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Table 3-1. Default Lung-Clearance Classes and Particle Sizes in CAP88-PC.

Np-2fl

Np-238

Np-239

Np-240

Np-240mn

Pu-236

Pu-238

Pu-239

Pu-240

Pu-241

w
W

W

W

W

Y

Y

Y

Y

Y

l.uu

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1:00

1.00

AM-L I

Am-242

An-242m

Am-243

Cm-242

Cm-243

Cm-244

Cm-245

Cm-246

Cm-247

w
w

W

W

W
W
W

W
w

W

1.00
1.00

1.00

1.00

100

1.00

1.00

1.00

1.00

1.00

Pu-242 Y 1.00 Cm-248 W 1.00

Pu-243 Y 1.00 Cf-252 Y 1.00

Pu-244 Y 1.00

a N/A = not applicable; D = days; W weeks; Y = years; = no data provided by CAP 88-PC.

3.4.7 Releases Dominated by Short-Lived Radionuclides
When developing the dose factors in this document, an observation was evaluated regarding
scenarios involving nuclides with short half-lives. The distances and directions to respective
MPRs are different for short-lived nuclides in the 100-D/D, 100-F, 100-H, and 100-N Area
emission zones. A single MPR was chosen for each emission zone, resulting in an acceptable
amount of error for most scenarios. The error, however, may become unacceptable if releases
are dominated by short-lived nuclides, now a highly unlikely scenario at the Hanford Site -
other than those presented by ingrowth from longer-lived parents (e.g., Y-90 and Ba-137m,
whose longer-lived parents are Sr-90 and Cs-137, respectively).

A scenario-specific CAP88-PC run should be considered when an emission unit is located in one
of the previously listed emission zones and the calculated unabated dose attributable to any
specific short-lived nuclide accounts for 5% or more of the total dose for that emission source
when using the dose factors provided in Section 4.0. This does not apply to the 100-B/C, 100-K,
200-E, 300-E, 300-W, and 400 Area emission zones, because the distances and directions to
respective MPRs are the same for both short-lived and long-lived nuclides.

3.5 CALCULATING DOSES

The dose factors in this document were calculated using CAP88-PC, a computer model for
chronic release scenarios (i.e., nearly continuous for a period of at least 3 months). These dose
factors are not appropriate for acute-release scenarios. The user should refer to Section 3.4.2
when a release is considered not chronic.
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EXAMPLE 1
The PTE is calculated using Method 1 for a facility located in the western portion of the 300
Area and greater than 250 m away from the Columbia River. Emissions will be ventilated at an
average stack flow rate of 2,000 cfin (0.944 m/s) from a 6-in.-diameter (0.1524-m-diameter)
stack that is 82 ft (25 m) above grade. The stack abatement technology consists of a single bank
of HEPA filters. The facility has an inventory of liquid radioactive material, last determined 10
years ago. The process used by the facility heats the source term to a temperature of 150 C
(423 0K), which produces emissions that exit the stack at an average temperature of 100 *C
(373 *K). The boiling point for the entire source term is 100 "C (373 "K).

Table 3-2 gives the inventory from 10 years ago and the decay-corrected inventory as of today,
using Equations 3.1 and 3.2. Note the increase in the inventory of Am-241 due to the decay of
the parent nuclide, Pu-241.

Table 3-2. Example 1: Decay-Corrected
Radionuclide Inventory.

H-3 2.0 E+01 1.1 E+01

Co-60 1.0 E-43 2.7 E-4

Sr-90 3.0 E-04 2.4 E-04

Y-90 3.0 E-04 2.4 E-04

Zr-95 2.0 E-04 0.0
Cs-137' 5.0 E-03 4.0 E-03

Ba-137m 5.0 E-03 3.8 E-03

Pu-239 9.0 E-06 9.0 E-06

Pu-241 8.5 E-04 5.3 E-04

Am-241 0.0 1.1 E45

Using Appendix D from 40 CFR 61, the dose factor for this inventory is 1 because the source
term is heated to over its boiling point, 100 *C. For gases, 1 is the appropriate HEPA filter
adjustment factor. In addition, unabated PTE calculations assume no pollution control devices
exist; therefore, the HEPA filter adjustment factor of 1 is used. Using the dose factor of 1 results
in the annual release being equivalent to the radionuclide inventory.

Plume rise attributable to momentum and buoyancy is significant for this stack because of the
small stack diameter and high temperature of the emissions. Using Equation 3.5, the plume rise
attributable to momentum was calculated to be 3.5 m. Using Equation 3.9, the plume rise
attributable to buoyancy was calculated to be 17.4 m. And using Equation 3.3., the effective
stack height was calculated to be 45.9 m. As a result, the dose factors for elevated releases may
be used because the Heff is >40 m, even though the physical stack height is only 25 m.

3-13



DOE/RL-2006-29

Table 3-3 provides the PTE data and subsequent doses to the MPR for Example 1.

Table 3-3. Example 1: Potential-to-Emit Calculation for an Elevated Release
from the Western Portion of the 300 Area.

- H-3 1.1 E+01 1 1.1 E+01 1.2 E-04 13E0
Co-60 2.7 E-04 1 2.7 E-04 1.6 E+00 4.3 E-04

Sr-90 2.4 E-04 1 2.4 E-04 7.1 E-01 1.7 E-04

Y-90 2.4 -404 1 2.4 E-04 2.2 E-03 5.3 E-07

Zr-95 0.0 1 0.0 0.0 0.0

Cs-137+D 4.0 E-03 1 4.0 E-03 1.5 E+00 6.0 E-03

Pu-239 9.0 E-06 1 9.0 E-06 5.0 E+01 4.5 E-04

Pu-241 5.3 E-04 1 5.3 E-04 7.9 E-01 4.2 E-04

Am-241 1.1 E-05 1 1.1 E-05 7.7 E+01 8.5 B-04

Total dose # 9.6 E-03

a The adjustment factor is I rather than 0.01 because the source term is heated to 2100 C

of the emissions is assumed to be 100 *C, making them behave as a gas.

and the temperature

EXAMPLE 2

The PTE is calculated using Method 1 for a contaminated burial ground located in the eastern
portion of the 300 Area. All releases occur at ground level with no abatement technology used.
The burial ground is a 1,000-m-by-500-m area (i.e., 5.0 E+05 m2). The radioactive source term
within the burial ground is contaminated soil, recently determined from the analysis of soil
samples.

Using Appendix D of 40 CFR 61, the dose factor for this inventory is 1.0 E-03 because the
source-term is a particulate solid. The effective diameter of the burial ground is 798 m, using
Equation 3.10. The distance/diameter ratio is 1.50, which is well above the 0.22 minimum
recommended in Section 3.4.6.

Table 3-4 provides the PTE data and subsequent doses to the MPR for Example 2.
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Table 3-4. Example 2: Potential-to-Emit Calculation for a Ground-Level Release
from the Eastern Portion of the 300 Area.

U.-234 2.5 E+00O 1 E-03 25E37.4 E+01 1.91E-0i

U-235 1.2 E-01 1 E-03 1.2 E-04 7.1 E+01 8.5 E-03

U-238 2.5 E+00 1 E-03 2.5 E-03 6.6 E+O1 1.7 E-01
Total dose 1 3.6 E-01

3.6 REPORTING RELEASES AND DOSES IN AN NOC

Once the potential-to-emit is determined for an NOC, it is critical that the releases and doses be
put into terms consistent with the measurement method. The potential-to-emit values generally
become the emission limits for an NOC, making this conversion essential for purposes of
demonstrating compliance to the emission limits.

If the NOC only addresses one activity associated with an existing emission unit, it is critical to
establish the emission limits for the emission unit rather than for the activity. One would need to
add the releases and doses associated with the activity to the releases and doses related to other
activities affecting the emission unit. It is usually very difficult or impossible to demonstrate
compliance to an NOC when the emission limits are for a specific activity and the compliance
measurement is for the entire emission unit and all the activities ventilated by emission unit.

Emission limits should be checked for detectability prior to specifying the limits and
measurement method in the NOC. Measurement methods specified in the NOC must be
sufficiently sensitive to demonstrate that emission limits have not been exceeded. The method
for determining whether or not a record sampling method is sensitive enough to verify emission
limits of a stack is outlined in Equation 3.11. Equation 3.11 only applies to emission units using
record sampling.

Equation 3.11: MDL =0.02832I(MDC)(va)

MDL minimum detection level for an analyte on a specific stack in Ci/yr
MDC minimum detectable concentration for an analyte in pCi/mL

Vsk annual stack discharge volume in ft3/yr.
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Equation 3.12: MDC= 3 .531E-11 MDA)
(V,

MDC
MDA
V,

minimum detectable concentration for an analyte in pCi/mL
minimum detectable activity for an analyte in pCi
sample volume in ft3.

When measurement methods other than record sampling are used, it is essential the measurement
that demonstrates compliance with emission limits is specified in the NOC. As an example, the
NOC for portable temporary radioactive air emission units (PTREAUs) uses handling limits to
link the measurements to the emission limits. The PTRAEU NOC uses smear data to verify the
handling limits specified in the NOC. The handling limits were established such that the
emission limits cannot be exceeded unless the handling limits are first exceeded. Example 3
illustrates why these considerations are significant.

EXAMPLE 3
A hypothetical facility located in the 200 East Area contains contaminated equipment. The main
building of the facility is ventilated by a single 30-m-high stack operating continuously at 2,500
cfm (1.18 m3/s) and equipped with a single HEPA filter. The temperature of emissions leaving
the stack is not more than 25 'C, which keeps the effective height of the stack below 40 m. The
stack is a nondesignated (i.e., minor or Category 2) emission unit, the periodic confirmatory
measurement method for which is record sampling. The facility is planning to sample the stack
continuously and collect record samples biweekly. Only four of the 26 record samples expected
annually will be analyzed and used to demonstrate compliance. Each of the samples used for the
periodic confirmatory measurements will analyzed for gross alpha and gross beta activity. The
stack has been assessed with the following potential-to-emit in Table 3-5.

Table 3-5. Example 3: Original Assessed Potential-to-Emit for the Stack.

Sr-90 2.2 E-05 3,000 7.3 E-09 9.5 E-03 2.1 E-O7 6.9 E-l

Y-90 2.2 E-05 3,000 7.3 E-09 2.6 E-04 5.7 E-09 1.9 E-12

Cs-137 5.3 E-05 3,000 1.8 E-08 2.0 E-03 1.1 E-07 3.6 E-I1

Ba-137m 5.0 B-05 3,000 1.7 E-08 1.0 E-I1 5.1 E-16 1.7 E-19

Pu-239 1.6 E-06 3,000 53 E-10 9.5 E+00 1.5 E-5 5.1 B-09

Pu-240 1.6 E-06 3,000 5.3 E-10 9.5 E+00 1.5 E-05 5.1 E-09

Pu-241 3.0 E-04 3,000 1.0 E-07 1.5 E-01 4.4 E-05 1.5 E-08

Am-241 1.5 E-04 3,000 5.8 E-08 1.5 E+01 2.3 E-03 8.8 E-07

Total dose # 2.4 E-03 9.1 E-07
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The measurement method only includes total alpha and total beta analyses. It is essential that the
nuclide-specific information in Table 3-5 be put into terms of total alpha activity and total beta
activity. Table 3-6 contains the converted data. The unabated releases for all of the alpha-
emitting nuclides were summed for Table 3-6. The unabated releases for all of the beta-emitting
nuclides were also summed for Table 3-6. The most conservative dose factors for this example
for the alpha- and beta-emitting nuclides were then used to calculate the doses. Note that Ba-
137m was omitted from the table because it only emits gamma rays and its unabated potential-to-
emit is not greater than 10% of the total potential-to-emit for the stack, not greater than 0.1
mrem/yr, and not greater than 25% of the abated potential-to-emit.

Table 3-6. Example 3: Original Assessed Potential-to-Emit for the Stack NOC.

Total alpha 1.5 E-04 3,000 5.1 B-O8 1.5-+01 2.3 E-03 7.7 E-07
Total beta 4.0 E-04 3,000 1.3 E-07 1.5 E-01 5.8 E-05 1.9 E-08

Total dose 0- 2.4 E-03 7.9 E-07

A new activity is proposed for the facility would repackage material sent to it over the course of
several months. The potential-to-emit releases and doses associated with the specific activity of
the material have been assessed and included as Table 3-7.

Table 3-7. Example 3: Assessed Potential-to-Emit for the New Activity.

991AIe

H-3 1.0 E+00 1 1.0 E+00 7.1 E-06 7.1 E-06 7.1 E-06
Cs-137 4.3 E-04 3,000 1.4 E-07 2.0 E-03 8.6 E-07 2.8 E-10

Ba-137mn 4.1 E-04 3,000 1.4 E-07 1.0 E-1 1 4.2 E-1 5 1.4 E-1 8
Eu-152 6.2 E-05 3,000 2.1 E-09 3.1 E-01 1.9 E-05 6.5 E-10

Total dose A 3.8 E-05 7.1 E-06

The potential-to-emit for this activity needs to be added into the potential-to-emit of the stack for
determining its designation and emission limits. Table 3-8 provides the assessed potential-to-
emit for all activities that will be ventilated by this stack.
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Table 3-8. Example 4: Assessed Potential-to-Emit for Stack, including New Activity.

H-3 1.0 E+00 1 1.0 E+00 7.1 E-06 7.1 E-06 7.1 E-06
Sr-90 2.2 E-05 3,000 7.3 E-09 9.5 E-03 2.1 E-07 6.9 E-l

Y-90 2.2 F-05 3,000 7.3 F-09 2.6 E-04 5.7 E-09 1.9E-12

Cs-137+D 4.8 E-04 3,000 1.6 E-07 2.7 E-01 1.3 E-04 4.3 E-08

Ba-137m 4.6 E-04 3,000 1.5 E-07 1.0 E-11 4.7 E-15 1.5 E-18

Eu-152 6.2 F-06 3,000 2.1 E-09 3.1 E-01 1.9 E-06 6.5 B-10

Pu-239 1.6 E-06 3,000 5.3 E-10 9.5 E+00 1.5 E-05 5.1 E-09

Pu-240 1.6 E-06 3,000. 5.3 E-10 9.5 E+00 1.5 E-05 5.1 E-09

Pu-241 3.0 E-04 3,000 1.0 E-07 1.5 E-01 4.4 E-05 1.5 E-08
Am-241 1.5 B-04 3,000 5.8 F-08 1.5 E+01 2.3 F-03 8.8 E-07

Total dose fr 2.5 E-03 8.1 E-06

Again, the measurement method only includes gross alpha and gross beta analyses. It is essential
that the nuclide-specific information in Table 3-8 be put in terms of gross alpha activity and
gross beta activity. Table 3-9 contains the converted data. Note that H-3, a beta-emitting
nuclide, was not included in the conversion to gross beta releases. H-3 is a vapor that cannot be
sampled by the measurement method employed. H-3 does not need to be sampled, either,
because its unabated potential-to-emit is not greater than 10% of the total potential-to-emit for
the stack, greater than 0.1 mrem/yr, nor greater than 25% of the abated potential-to-emit. Also,
Eu-152 only decays by beta emission 27.8% of the time; its activity was adjusted by a factor of
0.278 in the total beta release calculation. As before, Ba-137m was omitted from the table
because it only emits gamma rays and did not require sampling.

Table 3-9. Example 3: Assessed Potential-to-Emit for the Stack NOC.

Total alpha 1.5 E--04 3,000 5.1 E-08 1.5 E+01 2.3 E-03 7.7 E-07

Total beta 8.3 E-04 3,000 2.8 E-07 3.1 E-01 2.6 E-04 8.6 E-08

Total dose 0 2.6 E-03 8.6 E-07

The final step is to check the detectability of the measurement method. A two-week stack
emission sample typically has a volume of 40,000 ft3 (1,133 m). The minimum detectable
concentrations for a two week sample are 1.0 E-15 pCi/mL for gross alpha activity and 9.5 E-15
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pCi/mL for gross beta activity. The stack operates continuously at 2,500 cfin (1.18 m3/s). The

dose factors for Am-241 and Eu-152 are used, respectively, to calculate the total alpha and total
beta doses because they were the most conservative dose factors of all the nuclides included in
the assessment. Table 3-10 displays the data and the results of the detectability calculations
when the sampling frequency is biweekly and the stack operates at 2,500 cfm (1.18 m3/s).

Table 3-10. Example 3: Detectability Check for Biweekly Sampling
When the Stack Operates at 2,500 efm.

Total alpha 2,500 8,760 1.B-iS 1.E+01 3.7BE+13 3.7B-8 5.6E-07

Total beta 2,500 8,760 9.5 E-15 3.1 E-01 3.7 E+13 3.5 E-07 1. 1 E-07

Note that the measurement method is not sensitive enough to detect the emission limits of total
beta activity. As a result, the measurement method needs to be modified or the flow rate for the
stack lowered. The easiest modification would be to lengthen the sampling period to four weeks

(i.e., monthly sampling). This would double the sample volume and lower the MDCs by 50%.
Table 3-11 displays the results based on a monthly sampling frequency.

Table 3-11. Example 3: Detectability Check for Monthly Sampling
When Stack Operates at 2,500 cfrn.

Total alpha 2,500 8,760 5.O B-16 1.5 E+01 3.7 +13 1.93-08 2.9-07

Total beta 2,500 8,760 4.8 E-15 3.1 E-01 3.7 E+13 1.8 E-07 5.5 E-08

Using a monthly sampling frequency ensures that the emission limits for both total alpha and
total beta activity are detectable. Another alternative to improving the detectability would be to
lower the stack flow rate. Table 3-12 display the results for the scenario in which lowering the
stack flow rate by 600 cifm (0.283 m3/s) was chosen over lengthening the sampling period. Note
that a similar effect can be obtained by not operating the stack for planned time intervals.

Table 3-12. Example 3: Detectability Check for Biweekly Sampling
When Stack Operates at 1,900 cfim.

Total alpha 1,900 8,760 10 E-15 1.5 E+01 2.8 E+13 2.8 E-08 4.2 E-07

Total beta 1,900 8,760 9.5 E-15 3.1 E-01 2.8 E+13 2.7 E-07 8.3 E48
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4.0 DOSE-PER-UNIT RELEASE FACTORS FOR RADIONUCLIDE AIR EMISSIONS

4.1 OVERVIEW

The tables in this section present dose-per-umit release factors (dose factors) for both offsite and
onsite MPRs, related to each emission zone and two release heights. Dose factors have been
provided for each of the 265 radionuclides in the CAP88-PC library. The radionuclides in the
tables are sorted first by atomic number and then by atomic weight.

Figure 4-1 displays the Hanford Site emission zones. The 300 Area, as shown in Figure 4-2, has
been subdivided into two emission zones, 300-E and 300-W. This was done because. receptor
locations and dispersion factors were significantly different for emission releases at various
locations within the 300 Area and because of the close proximity of the 300 Area to the Hanford
Site eastern boundary. The dividing line between these two zones is marked by George
Washington Way and the western boundary for the 300-FF-1 Operable Unit. This boundary can
also be described as being approximately 320 50 m from the western edge of the Columbia
River.

The release locations and the meteorological stations used in calculating the dose factors for each
emission zone are listed in Table 4-1. The distances and directions to the offsite and onsite
MPRs for each emission zone are in Table 4-2. MPR locations are graphically depicted in
Figures 4-1 and 4-2. The eleven offsite MIPR locations are each designated with a solid dot,
identified by a numeral, 1 through 11. The two onsite MPR locations are each designated with a
solid star symbol, identified by the capital letter A or B. The numerals and capital letters are
linked to respective distance and direction information in Table 4-2.

Tables 4-3 through 4-12 contain the dose factors for each of the eleven emission zones.

4.2 USE OF HANFORD-SPECIFIC PARAMETERS AND DATA FOR DEMONSTRATING
COMPLIANCE WITH AIR PATHWAY RADIATION DOSE STANDARDS

The following information on methods used to calculate public doses from radionuclide air
emissions at the Hanford Site was submitted to and approved by the U.S. Environmental
Protection Agency (EPA) Region 10 and to the Washington State Department of Health
(WDOH). This information gives the regulatory background for the standards, outlines the
history of the site-specific data in question, and describes the justification for its use.

4.2.1 Regulatory Background

DOE Facilities are required to demonstrate compliance with the Clean Air Act National
Emission Standards for Hazardous Air Pollutants (NESHAP) for radionuclides, as published in
the 1989 amendments to Title 40, Code of Federal Regulations (CFR), Part 61, Subpart H,
"National Emission Standards for Emissions of Radionuclides Other Than Radon From
Department of Energy Facilities." The corresponding Washington State regulations appear in
Washington Administrative Code (WAC) 246-247, "Radiation Protection - Air Emissions,"
and WAC 173-480, "Ambient Air Quality Standards and Emission Limits for Radionuclides."
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Both WAC 246-247 and WAC 173-480 incorporate by reference any more restrictive standards
in other federal and state regulations.

Regulatory requirements for determining compliance with the radionuclide air emissions
standards are specified in 40 CFR Part 61, Subpart H, Section 61.92(a), which includes:

". . . EPA-approved sampling procedures, computer models CAP-88 or AIRDOS-PC, or other
procedures for which EPA has granted prior approval. DOE facilities for which the maximally
exposed individual lives within 3 kilometers of all sources of emissions in the facility, may use
EPA's COMPLY model and associated procedures for determining dose for purposes of
compliance."

WAC 246-247 adopts by reference the approved methods specified in 40 CFR Part 61, Subparts
H and I. WAC 173-480 refers to methods specified in WAC 402-80, which was subsequently
recodified as WAC 246-247, or to "other methods that department of social and health services
has determined to be suitable."

4.2.2 History of Data Used in Hanford Site Compliance Calculations

Since the 1970s, DOE-RL has maintained a program for developing and recommending standard
methods for performing environmental dose evaluations at the Hanford Site. As part of that
program, a number of software packages and associated data libraries (e.g., PNNL-6584, .1988)
have been developed to implement regulatory requirements, based on recommendations of
national and international standards organizations for radiological protection. In association with
that effort, publications that described the recommended input parameters for various types of
dose calculations were issued and periodically updated (PNL-3509, 1981; PNL-3777, Rev. 0,
1982; PNL-3777, Rev. 1, 1984; PNL-3777, Rev. 2, 1993). These recommendations were based
on data collected at the Hanford Site or on information obtained in surveys of the area and
nearby communities.

Site-specific parameters historically have been used at Hanford for calculating dose to the
maximally exposed individual (ME) in demonstrating compliance with radionuclide air
emission standards in 40 CFR 61, Subpart H, and in WAC 246-247. These parameters have also
been used for calculating dose to the maximum public receptor (MPR) in "applications to
construct or modify" and "Notices of Construction" (NOCs) for new or modified emission units
at Hanford (for example, HNF-3602, 1999). In addition, they have been used routinely for other
types of Hanford Site assessments, such as the annually published Radionuclide Air Emissions
Report (e.g., DOE/RL-2005-06, 2005) and the Hanford Site Annual Environmental Report (e.g.,
PNNL-15222, 2005) and environmental evaluations for site activities prepared under the
National Environmental Policy Act.

4.2.3 Hanford-Specific Parameters

Site-specific data developed for use at Hanford include:
* onsite meteorological data (data collection methods, annual and historical summaries

may be found in PNNL-15160, 2005; data used with specific software are re-formatted as
required)

4-2



DOE/RL-2006-29

* population within 50 miles (80 kilometers) of major operating areas PNNL-14428, 1991,
or updated census data as it becomes available

* food production and consumption parameters
* other exposure parameters.

"Average" individual parameters are used for collective dose assessments and for evaluating
doses to individuals whose exposure is more representative of the population as a whole.
Hanford-specific values are used in CAP-88-PC calculations and are generally consistent with
the most recent recommendations in PNL-3777, Rev. 2, 1993, as approved by WDOH for use in
Hanford Site analyses. Other bases for the recommended parameters are presented as
appropriate.

4.2.4 Approval for Use of Hanford-Specific Parameters

Hanford-specific parameters have been approved by both EPA and WDOH for use in
compliance, permitting, and reporting calculations. The dose factors in this document were
calculated using Hanford-specific parameters.

4.2.5 Calculation of Worker Dose-per-Unit Release Factors Using CAP88-PC
and Regional Ingestion

CAP88-PC was used to estimate the dose factors in this document for radionuclides for the
member of the public who works within the Hanford boundary. Traditionally, the dose to the
worker has been evaluated exclusively for inhalation and external pathways since food is not
produced at the work location. However, to more fully evaluate public worker doses, ingestion
doses were included in assessments for the onsite public worker. The food that the public
worker ingests was not grown at the business location of the worker. In order to evaluate
ingestion for a worker whose business location is known, but whose residence is not known,
regional ingestion was estimated by a method not available in CAP88-PC. Regional ingestion is
defined here as the consumption of produce and animal products grown outside the Hanford
exclusion area, but within 80 km (50 mi) of the source facility.

Several limitations of CAP88-PC make this calculation less than straightforward. First, CAP88-
PC was not designed to model ingestion of food stuffs grown in a location different from the
full-time location of the individual. Second, although it is possible to turn the ingestion pathway
on and off, CAP88-PC does not have the option of exclusively evaluating the ingestion pathway.
And, third, what is offered as a regional food-production option in CAP88-PC does not apply
because it assumes that food is grown uniformly around the source term out to 80 km. The local
food-production option takes into account the Hanford exclusion zone by assuming that food is
produced only where the population is located.

To calculate the public worker dose, three runs were made. The first run evaluated the public
worker scenario with inhalation and external pathways only. Then two population runs were
made with and without ingestion. By subtracting the dose without ingestion from the dose with
ingestion it is possible to assess the ingestion-only population dose. These were run with
average individual parameters, so by dividing the ingestion-only population dose by the number
of individuals in the population, it is possible to assess the average individual ingestion dose.
This was then added to the onsite public total inhalation and external dose estimate.
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Another adjustment to the ingestion was made to more realistically reflect local food
consumption patterns. It must also be recognized that much of an individual's food comes from
sources imported into the region. Thus the fraction of locally grown produce and leafy
vegetables coming from a local garden is adjusted to be 25% of consumption, with 75% being
imported and assumed uncontaminated. This assumption is one of the "average" individual
parameters incorporated into the population dose.

The formula describing the worker dose with regional ingestion is as follows:

Total Worker dose = Workerext+in + ([Popext+inh+ing - Popext +hi]/N) * 1,000

Where:

Worker Dose (mrem/yr per Ci/yr released) is the total EDE
Workerexfih (person-rei/yr per Ci/yr released) is the individual EDE from the external and
inhalation pathways only at onsite non-DOE business having unrestricted access

POPext+im+jng (person-rent/yr per Ci/yr released) is the population collective EDE from
external, inhalation, and ingestion pathways with the ingestion pathway calculated using
Hanford-specific "average individual" parameters

POPext +. (mrern/y per Ci/y released) is the population collective EDE from external and
inhalation pathways only
N is the number of people within 80 km (50 mi) of the source

1,000 is a conversion factor that converts rem to mrem.
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Figure 4-1. Hanford Site Map of Emission Zones.
(See Table 4-2 for geographical information on MPR locations, symbolized on this figure by the

solid circles and stars, with identifying numerals and letters alongside them, respectively.)

4-5



DOE/RL-2006-29

IL

N-N

ITi

ES~ ~" Ij [Ii , AS
1-- -- 3

11------ Lt -----
ia- - -- -I - - - - -

WEST a EAS

I0nAe

20 0 0 00Mtr

M310072

Figre -2.300Are Ma ofEmisio Zoes

4-6.



DOE/RL-2006-29

Table 4-1. Release Locations and Meteorological Stations Used.

100-B/C 460 37' 49.2" longitude 565,275 m E GABW (#23)
(105-B Building) 1190 38' 51.1" latitude 144,515 mN 1986-1996

100-D/DR 460 41'35.2" longitude 573,755 m E 10ON (#13)
(105-D Building) 119' 32' 8.4" latitude 151,590 m N 1983-1996

100-F 46* 39' 23.2" longitude 580,440 m E 10OF (#24)
(105-F Building) 1190 26' 56.2" latitude 147,600 m N 1986-1996

100-H 460 42' 4.0" longitude 577,780 m E IOOF (#24)
(105-H Building) 1190 28' 58.4" latitude 152,530 m N 1986-1996'

100-K 460 38' 50.4" longitude 568,640 m E GABW (#23)
(105-KW Building) 1190 36' 11.9" latitude 146,440 m N 1986-1996

100-N 460 40' 29.0" longitude 571,220 m E 10ON (#13)
(105-N Building) 1190 34' 8.8" latitude 149,515 m N 1983-1996

200-W 46* 32' 5.5" longitude 567,400 m E 200W (#7)
(REDOX) 1190 37' 16.7 latitude 133,925 m N 1983-1996

200-E 46* 32' 58.1" longitude 575,100 m E 200E (#6)
(PUREX) 1190 3 ' 14.4" latitude 135,640 m N 1983-1996

300-E 460 21' 53.7" longitude 594,528 m E 300 (#11)
(331 Building) 1190 16' 17.3" latitude 115,396 mN 1983-1996

300-W 46*22'7.8" longitude 594,285 m E 300 (#1 1)
(324 Building) 1190 16' 28.3" latitude 115,828 m N 1983-1996

400 Area 460 26' 7.0" longitude 587,605 m E 400 (#9)
(FFTE) 119 0 21'35.9" latitude 123,115 m N 1983-1996
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Table 4-2. Direction and Distance to Each MPR Location from Respective Emission Zone.

100-B/C I NNW 8,600 N/A N/A N/A
(105-B Building)

1 OO-D/DR
10- R i2 WNW 8,900 N/A N/A N/A

(105-D Building)

100-H 3 ESE 9,700 N/A N/A N/A
(105-F Building)

100-H
(105-HBuilding) 4 ESE 11,600 N/A N/A N/A

(105-KW Building) 5 NNW 8,900 N/A N/A N/A

(105-N ding) 6 WNW 8,500 N/A N/A N/A

200-E 7 ESE 20,200 A ESE 16,630
(PUREX)

200-W
(RD X)8 SE 22,000 B ESE 18,310(REDOX)

300-E
(331 Building) 9 NE 1,100 N/A N/A N/A

300-W 10 NE 1,400 N/A N/A N/A(324 Building) E 9 A

400Aea 1 SE 9,100 A NNE 4,39040(FF 

aI 

IIF)7

N/A = not applicable.

a The dose factors of offsite MPRs for emission zones 100-B/C, 100-D/DR,
were always greater than the factors of current potential onsite MPRs.

100-F, 100-H, 100-K, 100-N, 300-E, and .300-W

These values represent the shortest distance from the respective point of release to the Hanford Site boundary in a given
sector of the wind rose.
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Table 4-3. 100-B/C Area: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

H-3 5.1 E-05 2.6 E-05 Kr-85 1.1 E-07 5.8 E-08

Be-7 4.1 E-04 2.5 E-04 Kr-85m 4.5 E-06 2.3 E-06
Be-10 (Sr-90) (Sr-90) Kr-87 1.6 E-05 7.8 E--06

C-11 4.1 E-06 2.3 E-06 Kr-88 5.6 E-05 2.8 E-5
C-14 4.0 E-03 2.0 E-03 Kr-89 4.6 E-08 2.4 E48

C-15b 0.0 0.0 Kr-90 b 0.0 0.0
N-13 9.5 E-07 5.5 E-07 Rb-86 6.0 E-03 3.7 E-03
0-15 1.0 E-09 6.1 E-10 Rb-87 2.0 E-02 1.2 E-02
F-18 2.5 E45 1.5 E-05 Rb-88 2.7 E-06 1.5 E-06

Na-22 2.7 E-01 1.7 E-01 Rb-89 5.4 E-06 3.1 E-06
Na-24 4.6 E-04 2.8 E-04 Rb-90 1.6 E-08 9.3 E-09

P-32 6.0 E-03 3.8 E-03 Rb-90m 2.7 E-07 1.6 E-07

S-35 8.5 E-04 5.3 E-4 Sr-89 3.6 F-03 2.2 B-03

Ar-41 2.8 E-05 1.4 E-05 Sr-90 2.3 E-01 1.5 E-1
K-40 2.6 E-O1 1.6 E-01 Sr-90+D 2.4 E-1 1.5 E-01

Ca-41 2.1 E-05 1.3 E-05 Sr-91 9.5 E-05 5.7 E-05

Sc-46 2.5 E-02 1.6 E-02 Sr-92 6.1 E-05 3.6 E-05

Cr-51 1.8 E-04 1.1 E-04 Y-90 7.2 E-04 4.4 E-04
Mn-54 3.4 E-02 2.1 B-02 Y-90m 2.1 F-05 1.3 E-05
Mn-56 6.8 FrS5 4.0 E-05 Y-91 5.3 E-03 3.2 E-03

Fe-55 4.8 E-04 3.0 E-04 Y-91m 7.0 E-06 4.1 E-O6

Fe-59 9.8 E-03 6.1 E-03 Y-92 5.2 E-05 3.1 E-05

Co-57 5.9 E-03 3.7 E-03 Y-93 1.3 E-04 7.5 E-05
Co-58 1.1 E-02 7.1 E-03 Zr-93 2.7 F-03 1.6 -03

Co-60 5.1 E-01 3.2 E-01 Zr-95 8.1 E-03 5.1 E-03
Ni-59 6.4 E-04 4.0 E-04 Zr-95+D0  1.5 E-02 9.1 E-03
Ni-63 5.5 B-04 3.4 E-04 Nb-93m 4.3 E-03 2.7 E-03
Ni-65 2.7 E-05 1.6 E-05 Nb-94 1.7 E+00 1.1 E+00
Cu-64 3.3 E-05 2.0 E-05 Nb-95 1.0 E-02 6.2 E-03
Zn-65 5.1 E-02 3.2 E-02 Nb-95m 6.3 E-04 3.9 E-04

Zn-69m 8.7 E-05 5.3 B-05 Nb-97 1.4 E-05 8.5 E-06
Zn-69 1.3 E-06 7.5 E-07 Nb-97mb 0.0 0.0
Ga-67 1.3 E-04 7.9 E-05 Mo-93 5.8 E-03 3.7 E-03
As-76 2.9 E-04 1.7 E-04 Mo-99 3.7 E-04 2.2 E-04

Se-79a (Pu-241) (Pu-241) Mo-99+D' 4.2 E-04 2.5 E-04

Br-82 6.7 E-04 4.2 E-04 Tc-97 1.2 E-02 7.5 E-03
Br-83 2.0 E-07 1.2 E-07 Tc-99 4.7 E42 2.9 E-02
Br-84 1.4 E-5 8.2 E-06 Tc-99m 8.4 E-06 5.1 E-06
Br-85 7.3 E-10 4.4 E-10 Tc-101 6.7 E-07 3.9 E-07

Kr-83m 5.0 E-09 2.5 E 9 Ru-97 1.4 E-04 8.6 E-5

4-9



DOE/RL-2006-29

Table 4-3. 100-B/C Area: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (nirem/Ci) by Effective Release Height.

Ru-103 3.8 E-03 2.4 E-03 Te -133m 3.0 E-05 1. 8E-05
Ru-103+DC 3.8 E-03 2.4 E-03 Te-134 8.7 E-06 5.0 E-06

Ru-105b 5.7 E-05 3.4 E-5 1-122 1.7 B-09 6.6 E-09

Ru-106 3.3 E-02 2.0 E-02 1-123 9.1 E-06 3.9 E-05

Ru-106+DC 4.2 E-02 2.6 E-O2 1-125 1.6 E-02 6.9 E-02

Rh-103m 1.7 E-07 9.5 E-08 I-129 2.7 E-01 1.2 E+00

Rh-105 1.0 E-04 6.2 E-05 1-130 9.9 E-05 4.3 E-04
Rh-105m 0.0 0.0 I-131 8.9 E-03 3.8 E-02
Rh-.I0 6b 0.0 0.0 1-132 1.4 E-05 6.2 E-05
Pd-10 7b 7.8 E-04 4.7 E-04 1-133 1.0 E-04 4.4 E-04

Pd-109 7.6 E-05 4.5 E-05 I-134 4.1 E-06 1.8 E-05

Ag-109mb 0.0 0.0 I-135 3.3 E-5 1.4 E-04
Ag-110 0.0 0.0 Xe-122 2.2 E-06 1.1 E-06
Ag-r10m 1.0 E-)1 6.2 E-02 Xe-123 1.4 E-05 7.2 E-06

Ag-111 2.1 E-03 1.3 E-03 Xe-125 8.0 B-06 4.1 E-06
Cd-113a (Pu-241) (Pu-241) Xe-127 8.9 E-06 4.5 E-06

Cd-113ma (Pu-241) (Pu-241) Xe-131m 3.2E-07 1.7E-07

Cd-I15b 4.1 E-04 2.5 E-04 Xe-133 1.2 E-06 6.1 E-07

Cd-115m 7.5 E-03 4.6 E-03 Xe-133m 1.0 E06 5.2 E-07

In-113m 6.9 E-06 4.1 E-06 Xe-135 7.6 E-06 3.9 E-06
In-115 1.3 E-01 7.7 E-02 Xe-135m 1.2 F-06 5.8 E-07

In-115m 1.3 E-05 8.0 E-06 Xe-137 1.1 E-08 5.7 E-09

Sn-113 4.6 E-03 2.9 E-03 Xe-138 3.0 E-06 1.5 E-06

Sn-123 1.1 E-04 6.7 E-05 Cs-134 2.1 E-01 1.3 E-01

Sn-125 5.0 E-03 3.1 E-03 Cs-134m 2.3 E-06 1.4 E-06
Sn-126 9.8 E-02 6.1 E-02 Cs-135 9.2 E-03 5.7 E-03
Sb-124 1.8 E-02 1.1 E-02 Cs-136 7.7 E-03 4.8 E-03

Sb-125 5.5 E-02 3.4 E-02 Cs-137 5.5 E-02 3.5 E-02
Sb-126 6.8 B-03 4.3 E-03 Cs-137+D 5.0 E-1 3.1 E-01

Sb-126m 5.7 E-06 3.2 E-06 Cs-138 2.0 E-5 1.1 E--05
Sb-127 9.8 E-04 6.0 F-)4 Cs-139 2.6 E-07 1.5 E-07

Te-125m 2.2 E-03 1.3 E-03 Ba-133 1.6 E-01 9.7 E-02
Te-127 1.8 E-05 1.1 E-05 Ba-133m 6.6 E-05 4.0 E-)5

Te-127m 5.3 E-03 3.3 E-03 Ba-137m 3.1 E-09 1.9 E-09
Te-129 3.9 E-06 2.3 E-06 Ba-139 5.5 E-06 3.2 E-06

Te-129m 5.2E-03 3.2E-03 Ba-140 2.2 E-03 1.4E-03

Te-131 3.2 E-06 1.8 E-06 Ba-140+DO 5.7 E-03 3.5 E-03 .
Te-131m 5.0 E-04 3.0 E-04 Ba-141 2.9 E-06 1.6 E-06
Te-132 8.6 E-04 5.3 E-04 Ba-142 1.0 E-06 5.8 E-07
Te-133 1.4 E-06 8.2 E-07 La-140 8.4 E-04 5.2 E-04
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Table 4-3. 100-B/C Area: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

La-141 1.6 E-06 9.5 E-07 Pb-211 1.2 E-04 7.1 E-05

La-142 6.1 E-5 3.6 E-05 Pb-212 7.2 E-03 4.2 E-03

Ce-141 1.6 E-03 9.7 E-04 Pb-214 1.0 E-05 5.7 E-06

Ce-143 2.5 E-04 1.5 E-04 Bi-210 9.5 B-03 5.6 E-03
Ce-144 2.6E-02 1.6E-02 Bi-211 2.7 E-09 1.6 E-09

Ce-144+D' 2.7 E-02 1.6 E-02 Bi-212 6.9 E-04 4.0 E-04

Pr-143 1.2 E-03 7.6 E-04 Bi-213 2.2 E-05 1.3 F-45

Pr-144 4.8 E-7 2.7 E-07 Bi-214 8.2 E-06 4.7 E-06

Pr-144m 2.5 E-O8 1.5 E-08 Po-210 1.1 E+00 6.7 E-1

Nd-147 1.2 E-03 7.5 E-04 Po-211b 0.0 0.0
Pm-147 2.3 E-03 1.4 E-03 Po-212b 0.0 0.0
Pm-148 1.8 E-03 1.1 E-03 Po-213 b 0.0 0.0

Pm-148m 1.6 E-02 1.0 E02 Po-214b' 0.0 0.0
Pm-149 2.3 B-04 1.4 E-04 Po-215 b 0.0 0.0
Pm-151 6.1 E-05 3.8 E-05 Po-2160 0.0 0.0
Sm-147 3.5 E+00 2.1 E+00 Po-218 1.4 E-09 8.1 E-10
Sm-151 1.6 E-03 9.3 E-04 At-217 b 0.0 0.0
Sm-153 1.6 E-04 9.8 E-05 Rn-219d 5.4 E-03 3.2 E-03
Eu-152 5.0 E-01 3.1 E-01 Rn-220d 1.0 E-05 5.9 E-06

Eu-152m 2.2 E-5 1.3 E-05 Rn-222 1.4 E-04 7.3 F-05

Eu-154 4.1 E-C1 2.6 E-)1 Fr-221 8.4 E-07 5.0 E-07
Eu-155 1.7 E-02 1.0 E-02 Fr-223 1.9 E-5 1.1 E45
Eu-156 5.1 E-03 3.1 E-03 Ra-223 5.0 E-01 3.0 E-01

Gd-152a (Pu-239) (Pu-239) Ra-224 1.8 E-01 1.1 E-01
Tb-160 1.3 E-02 8.3 E-03 Ra-225 3.1 E-01 1.9 E-01
Ho-166 1.9 E-04 1.1 E-04 Ra-226 9.6 E-01 5.9 E-01

Ho-166m 1.7 E+00 1.0 E+00 Ra-228 4.0 E-01 2.4 E-01
Hf-181 5.1 E-03 3.2 E-03 Ac-225 3.0 F-01 1.8 E-01
W-181 9.4 F-04 5.9 E-04 Ac-227 3.1 E+01 1.8 E+01
W-185 1.3 E-03 7.8 E-04 Ac-228 3.5 E-03 2.0 E-03

W-187 1.1 E-04 6.6 E-05 Th-227 5.5 E-01 3.3 F-01
Re-187 3.6 E-05 2.2 E-05 Th-228 1.2 E+01 6.9 E+00
Ir-192 1.1 E-02 7.1 F-03 Th-229 3.3 E+01 1.9 E+01

Hg-2 03 7.1 E-03 4.4 E-03 Th-230 1.2 E+01 6.9 E+00
TI-207 1.8 E-09 1.1 E-09 Th-231 5.1 E-O5 3.0 B-05
TI-208 5.9 E-08 3.5 E-08 Th-232 1.7 E+01 9.9 E+00
TI-209 4.0 E-09 2.4 E-09 Th-232+D 1.9 E+01 1.2 E+01
Pb-209 3.5 E-06 2.1 E-06 Th-234 5.0 E-03 3.1 E-03
Pb-210 3.0E+00 1.8E+00 Pa-231 2.4E+01 1.4E+01

Pb-210+D0 3.0 E+00 1.8 E+00 Pa-233 2.2 E-03 1.3 E-03
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Table 4-3. 100-B/C Area: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

Pa-234

Pa-234mb

U-232

U-233

U-234

U-235

U-236

U-237

U-238

U-240

1.5 E-04

0.0

2.3 B+01

6.6 E+00

6.5 E+00

6.2 E+00

6.2 E+00

6.4 E44

5.8 E+00

1.1 E-04

9.2 E-05

0.0

1.4 E+01

3.9 E+00

3.9 E+00

3.7 E+00

3.7 E+00

4.0 E-04

3.4 E+00

6.6 E-05

Pu-240

Pu-241

Pu-241+DC

Pu-242

Pu-243

Pu-244

Am-241

Am-242

Am-242m

Am-243

1.7 E+01

2.7-E--

2.7 E-)1

1.6 E+01

1.0 E-05

1.6 B+01

2.7 E+01

2.6 E-03

2.6 E+01

2.7 E+01

1.0 E+01

J.6E-01

1.6 E-01

9.8 E+00

5.9 E-06
9.7 E+00

1.6 E+01

1.5 E-03

1.5 E+01

1.6 E+02

Np-237 2.4 E+01 1.4 E+01 Cm-242 8.6 E-01 5.1 E-01

Np-238 1.7 E-03 1.0 E-03 Cm-243 1.8 E+01 1.1 E+01

Np-239 2.5 B-04 1.5 E-04 Cm-244 1.4 E+01 8.3 E+00

Np-240 2.1 E-05 1.2 E-5 Cm-245 2.8 E+01 1.6 E+01

Np-240m 1.6 E-07 9.3 E-08 Cm-246 2.7 B+O 1 1.6 E+01

Pu-236 4.2 E+00 2.5 E+00 Cm-247 25 E+01 1.5 B+01

Pu-238 1.6 E+01 9.5 E+00 Cm-248 l.O E+02 5.9 E+01

Pu-239 1.7 B+01 1.0 E+01 Cf-252 7.5 E+00 4.4 E+00

Dose factors for this nuclide not included in the CAPS 8-PC library; thus, substituting the dose factors
of the radionuclide in parentheses is recommended.

Factor is 510 B-11, or effectively zero, considering also the scarcity and short half-life of the nuclide.

"+D" indicates factors from in-grown progeny are also included.
Short-lived Rn isotopes modeled on dose from their longer-lived progeny. Yet, I Ci of Rn does not
equal ICi of Pb. Each Ci of Rn-219 released generates 0.00 18 Ci of Pb-210, and each Ci of Rn-220,
0.00 14 Ci of Pb-212. Dose based on Pb progeny multiplied by appropriate equilibrium factor
(HNF-3602 1999).
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Table 4-4. 100-D/DR Area: Offsite MPR CAPSS-PC
Dose-per-Unit Release Factors (mnrem/Ci) by Effective Release Height.

H-3 3.8 E-05 2.2 E-5 Kr-85 8.4 E-08 4.9 E-8

Be-7 2.8 E-04 2.1 E£04 Kr-85m 3.0 E-06 1.8 F-06
Be-1Oa (Sr-90) (Sr-90) KT-87 8.5 E-06 5.1 E46

C-11 1.5 E-06 1.1 E-06 Kr-88 3.6 E-05 2.1 -05
C-14 2.9 B-03 1.7 F"3 Kr-89 2.5 E-08 1.5 E-08
C-15b 0.0 0.0 Kr-90b 0.0 0.0
N-13 4.2 E-07 3.1 E47 Rb-86 4.1 E-03 3.1 E-03

0-15 4.7 E-10 3.5 E-10 Rb-87 1.4 E-02 1.0 E-02

F-18 1.4 E-5 1.0 E-05 Rb-88 9.8 E-07 7.3 E-07

Na-22 1.8 E-01 1.4 E41 Rb-89 2.0 E-06 1.5 E06
Na-24. 3.1 E-04 2.3 E-04 Rb-90 7.5 E-09 5.6 E49
P-32 4.2 E-03 3.1 E-03 Rb-90m 1.4 E-07 1.1 E-07

S-35 5.9 E-04 4.4 E-04 Sr-89 2.5 E-03 1.8 E-03

Ar-41 1.7 E-05 9.9E-06 Sr-90 1.6E-01 1.2 E-01
K-40 1.8B-01 1.3 E41 Sr-90+DC 1.6E-01 1.2E-01
Ca-41 1.5 £45 1.1 E-05 Sr-91 6.2 E-05 4.6 E-05
Sc-46 1.7 E-02 1.3 E-02 Sr-92 3.6 E-05 2.6 E-5

Cr-51 1.3 E-04 9.4 E-05 Y-90 4.9 E-04 3.6 E-04

Mn-54 2.4 E-02 1.8 E£02 Y-90m 1.3 E-05 9.5 E-06

Mn-56 4.0 E-05 2.9 E-05 Y-91 3.6 E-03 2.7 E43
Fe-55 3.3 E-04 2.5 E-04 Y-91m 3.1 E-06 2.3 E-06

Fe-59 6.8 E-03 5.1 E-03 Y-92 3.2 E-05 2.3 £-05
Co-57 4.1 E-03 3.1 E-03 Y-93 8.3 E-OS 6.0 E-05
Co-58 7.8 E-03 5.9 E-03 Zr-93 1.8 E-03 1.3 E-03
Co-60 3.6E-01 2.7F-O1 Zr-95 5.6E-03 4.2E-03
Ni-59 4.4 E-04 3.3 E-04 Zr-95+D 1.0 E-2 7.5 E-03
Ni-63 3.8 E-04 2.8 E-04 Nb-93m 3.0 E-03 2.2 E-03
Ni-65 .1.6 E-05 1.2 E-05 Nb-94 . 1.2 E+00 8.7 £-41
Cu-64 2.2 E-05 1.6 E-05 Nb-95 6.9 E-03 5.2 E-03
Zn-65 3.6 E42 2.7 E42 Nb-95m 4.3 E-04 3.2 E-04

Zn-69m 5.8 E-05 4.3 E-05 Nb-97 7.3 E-06 5.3 E-06
Zn-69 6.0 E-07 4.4 E-07 Nb-97mb 0.0 0.0
Ga-67 8.8 E-05 6.5 E-05 Mo-93 4.0 E-03 3.0 E-03
As-76 2.0 E-04 1.4 E-04 Mo-99 2.5 E-04 1.8E-04
Se-79a (Pu-241) (Pu-241) Mo-99+D' 2.8 E-04 2.1 £-04
Br-82 4.6 E-04 3.4 E-04 Tc-97 8.3 E-03 6.2 E-03
Br-83 1.2 E-07 8.7 E-08 Te-99 3.2 E-02 2.4 E-02
Br-84 5.6 E-06 4.1 E-06 Tc-99m 5.4 E-06 4.0 E-06
Br-85 3.6 E-1 - 2.7 E-10 Tc-101 2.6 E-07 1.9 E-07

Kr-83m 3.0 E-09 1.8 £-09 ' Ru-97 9.5 E-05 7.1 E-05
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Table 4-4. 100-D/DR Area: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (nirem/Ci) by Effective Release Height.

Ru-103 2.7 E-03 2.O E-03 Te-133m 1.4 E-05 1.0E-05
Ru-103+D' 2.7 E-03 2.0 E-03 .Te-134 3.7 E-06 2.7 E-06

Ru-105 3.6 E-5 2.6 E-5 1-122 7.4 E-10 2.7 E-09

Ru-106 2.2 E-02 1.6 E-02 I-123 5.0 E-06 2.0 E-05

Ru-106+D 2.9 E-02 2.1 E-02 I-125 9.0 E-03 3.6 E-02

Rh-103m 7.7 E-08 5.6 E-08 1-129 1.5 E-01 6.1 F-01

Rh-105 6.9 E-05 5.1 E-05 I-130 5.4 E-05 2.2 E-04

Rh-105mb 0.0 0.0 1-131 5.0 E-03 2.0 F-02
Rh-106 0.0 0.0 1-132 7.2 E-06 2.8 E-05

Pd-107 5.4 E-04 3.9 E-04 I-133 5.6 E-05 2.3 E-04

Pd-109 5.0 E-05 3.6 E-05 1-134 1.8 E-06 6.7 E46

Ag-109mb 0.0 0.0 I-135 1.8 E-05 7.1 E-05
Ag-I 10 0.0 0.0 Xe-122 1.6 E-06 9.3 E-07
Ag-r10m 6.9 E-02 5.2 E-02 Xe-123 8.7 E-06 5.2 E-06

Ag-11 1.5 F403 1.1 E-03 Xe-125 5.7 E-06 3.A E-06

Cd-I13b (Pu-241) (Pu-241) Xe-127 6.5 E-06 3.8 E-06

Cd-113mb (Pu-241) (Pu-241) Xe-131m 2.4 E-07 1.4 E-07

Cd-115 2.8 E-04 2.0 E-04 Xe-133 8.7 E-07 5.2 E-07

Cd-115m 5.1 E-03 3.8 E-03 Xe-133m 7.4 E-07 4.4 E-07

In-113m 3.8 E-06 2.8 E-06 Xe-135 5.3 E-06 3.2 E-06

In-115 8.7 E-02 6.4 E-02 Xe-135m 4.7 E-07 2.9 E-07

In-115m 8.4 E-06 6.1 E-06 Xe-137 6.0 E-09 3.8 F-09
Sn-113 3.2 E-03 24 E-03 Xe-138 1.2 E-06 7.4 E-07

Sn-123 7.4 E-05 5.6 E-05 Cs-134 1.4 E-01 1.1 E-01

Sn-125 3.4 E-03 2.5 E-03 Cs-134m 1.4 E-06 9.9 E-07

Sn-126 6.8 E-02 5.1 E-02 Cs-135 6.4 E-03 4.8 E-03

Sb-124 1.2 E-02 9.3 E-03 Cs-136 5.3 E-03 4.0 E-03

Sb-125 3.8 E-02 2.8 E-02 Cs-137 3.8 E-02 2.9 E-02

Sb-126 4.7 E-03 3.5 E-03 Cs-13 7 +D 3.4 E-01 2.6 E-01

Sb-126m 2.1 E-06 1.5 E-06 Cs-138 7.7 E-06 5.7 E-06

Sb-127 6.7 E-04 5.0 E-04 Cs-139 1.2 E-07 8.8 E-08

Te-125m 1.5 E-03 1.1 E-03 Ba-133 1.1 E-01 8.1 E-02
Te-127 1.2 E-05 8.6 E-06 Ba-133m 4.5 E-05 3.3 E-05

Te-127m 3.7 E-03 2.7 E-03 Ba-137m 1.5 E-09 1.1 E-09

Te-129 1.9 E-06 1.4 E-06 Ba-139 2.9 E-06 2.1 E-06

Te-129m 3.6 E-03 2.7 E-03 Ba-140 1.5 E-03 1.1 E-03
Te-131 1.2 E-06 8.8 E7 Ba-140+D' 3.9 E-03 2.9 B-03

Te-131m 3.4 E-04 2.5 E-04 Ba-141 1.0 E-06 7.8 E-07

Te- 32 5.9 E-04 4.3 -04 Ba-142 4.2 E-07 3.2 E-07

Te-133 5.7 E-07 4.3 E-07 La-140 5.8 E-04 4.2 E-04
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Table 4-4. 100-D/DR Area: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (nrem/Ci) by Effective Release Height.

La- 141 9.8 E-07 7.2 E-07 Pb-211 5.0 E-05 3.7 E-05
La- 142 3.3 E-05 2.4 E-05 Pb-212 4.7 E-03 3.4 E-03
Ce-141 1.1 E-03 8.0 E-04 Pb-214 3.7 E-06 2.8 E-06
Ce-143 1.7 E-04 1.2 E-04 Bi-210 6.4 E-03 4.6 E-03
Ce-144 1.8E-02 1.3E-02 Bi-211 1.3 E-09 9.4 E-10

Ce-144+D 1.8 E-02 1.3 E-02 Bi-212 3.3 E-04 2.4 E-04

Pr-143 8.5 E-04 6.3 E-04 Bi-213 9.4 E-06 6.9 E-06

Pr-144 1.7 E-07 1.3 E-07 Bi-214 3.0 F-06 2.2 E-06

Pr-144m 1.3 E-08 9.4 E-09 Po-210 7.5 F-01 5.5 E-01

Nd-147 8.3 E-04 6.2 E-04 Po-21 lb 0.0 0.0

Pm-147 1.5 E-03 1.1 E-03 Po-212b 0.0 0.0
Pm-148 1.2 E-03 9.2 E-04 Po-213b 0.0 0.0

Pm-148m 1.1 E42 8.3 E-03 Po-214b 0.0 0.0
Pm-149 1.6 E-04 1.1 E-04 Po-215b 0.0 0,0
Pm-151 4.1 E45 3.1 E-05 Po-216b 0.0 0.0
Sm-147 2.4 E+00 1.7 E+00 Po-218 6.8 E-10 5.1 E-10

Sm-151 1.1 E-03 7.7 E-04 At-21 7b 0.0 0.0
Sm-153 1.1 E-04 8.0 E-05 Rn-219d 3.6 E-03 2.7 E-03
Eu-152 3.5 E-01 2.6 E-01 Rn-2 20d 6.6 E-06 4.8 B-06

Eu-152m 1.5 E-05 1.1 B-05 Rn-222 1.1 E-04 6.2 E-05

Eu-154 2.8 F-01 2.1 E-01 Fr-221 4.4 E-07 3.3 E-07
Eu-155 1.1 E-02 8.5 E-03 Fr-223 6.7 E-06 5.0 E-06

Eu-156 3.5 E-03 2.6 E-03 Ra-223 3.4 l-1 2.5 E-A1
Gd-152a (Pu-239) (Pu-239) Ra-224 1.2 E-01 8.8 E-02
Tb-160 9.2 E-03 6.9 E-03 Ra-225 2.1 E-1 1.6 E-O1

Ho-166 1.3 E-04 9.2 F-05 Ra-226 6.6 E-O1 4.8 E-01
Ho-166m 1.1 E+00 8.6 E-01 Ra-228 2.7 E-01 2.0 E-01
Hf-181 3.5 E-03 2.6 E-03 Ac-225 2.0 E-01 1.5 E-1
W-181 6.5 E-04 4.9 E-04 Ac-227 2.1 E+01 1.5 E+01
W-185 8.6 E-04 6.4 E-04 Ac-228 2.2 E-03 1.6 F-03

W-187 7.3 E-05 5.4 E-05 Th-227 3.7E-01 2.7 E-01
Re-187 2.5 E-5 1.9 E-05 Th-228 8.0 E+00 5.7 E+00
Ir-192 7.8 E-03 5.8 E-03 Th-229 2.2 E+01 1.6 E+01

1-1g-203 4.9 E-03 3.6 E-03 Th-230 8.0 E+00 5.7 E+00
TI-207 9.4 E-10 7.0 E-10 Th-231 3.4 E-05 2.5 E-05
TI-208 3.0 E-08 2.2 B-O8 Th-232 1.1 E+01 8&2 E+00
TI-209 1.9 E-09 1.4 E-09 Th-232+DC 1.3 E+01 9.6 E+00
Pb-209 2.1 E-06 1.5 B-6 Th-234 3.4 E-03 2.5 E-03
Pb-210 2.0 E+00 1.5 E+00 Pa-231 1.6 E+01 1.2 B+01

Pb-210+D0 2.0 E+00 1.5 E+00 Pa-233 1.5 E-03 1.1 E-03
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Table 4-4. 100-D/DR Area: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (nrem/Ci) by Effective Release Height.

Pa-234
b

Pa-234m

U-232

U-233

U-234

U-235

U-236

U-237

U-238

U-240

9.9 E-05

0.0

1.6 E+01

4.5 E+00

4.4 E+00

4.2 E+00

4.2 E+00

4.4 E-04

3.9 E+00

7.3 E-05

7.2 E-05

0.0

1.1 E+01

3.2 E+00

3.2 E+00

3.1 E+00

3.0 B+00
3.3 E-04

2.8 E+00

5.3 E-05

Pu-240

Pu-241

Pu-241+D0

Pu-242

Pu-243

Pu-244

Am-241

Am-242

Am-242mn

Ami-243

1.2 E+01

1.9 E-01
1.9 E-01

1.1 E+01

6.3 E-06

1.1 E+01

1.8 E+01

1.7 E-03

1-7 E+01
1.8 E+01

8.5 E+00
1.3 E-01

1.3 E-4)1

8.1 E+00

4.5 E-06

8.0 E+00
1.3 E+01

1.2 E-03

1.3 E+01

Np-237 1.7 E+01 1.2 E+01 Cm-242 5.9 E-01 4.2 E-01

Np-238 1.1 E-03 8.2 E-04 Cm-243 1.2 E+01 8.7 E+00

Np-239 1.7 E-04 1.3 E-04 Cm-244 9.5 E+00 6.9 E+00

Np-240 1.0 E-05 7.4 E-06 Cm-245 1.9 E+01 1.4 E+01

Np-240m 7.7 E-08 5.8 E-08 Cm-246 1.9 E+01 1.3 B+01
Pu-236 2.9 E+00 2.1 E+00 Cm-247 1.7 E+01 1.2 E+01
Pu-238 1.1 E+01 7.9 E+00 Cm-248 6.8 E+01 4.9 E+01
Pu-239 1.2 E+01 8.5 E+00 Cf-252 5.1 E+00 3.7 E+00

Dose factors for this nuclide not included in the CAPS8-PC library; thus, substituting the dose factors of
the radionuclide in parentheses is recommended.

Factor is 51.0 E-11, or eff~etively zero, considering also the scarcity and short half-life of the nuclide.
C "+D" indicates factors from in-grown progeny are also included.
d Short-lived Rn isotopes modeled on dose from their longer-lived progeny. Yet, 1 Ci of Rn does not

equal ICi of Pb. Each Ci of Rn-219 released generates 0.0018 Ci of Pb-210, and each Ci of Rn-220,
0.0014 Ci of Pb-212. Dose based on Pb progeny multiplied by appropriate equilibrium factor
(HNF-3602 .999).
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Table 4-5. 100-F Area: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

H--3 6.5 E-05 3.2 E-05 Kr-85 1.5 E-07 7.1 E-08

Be-7 4.5 E-04 3.0 E-04 Kr-85m 5.2 E-46 2.6 E-06

Be-10 (Sr-90) (Sr-90) Kr-87 1.5 E-05 8.6 E-06

C-11 3.9 E-06 3.2 E-06 Kr-88 6.2 E-05 3.2 B-05
C-14 5.1 E-03 2.5 E-03 Kr-89 4.6 E-08 3.4 E-08

C-15b 0.0 0.0 Kr-90b 0.0 0.0
N-13 1.2 E-06 1.0 E-06 Rb-86 6.6 E-03 4.4 E-03

0-15 7.2 E-10 6.1 E-10 Rb-87 2.2 E-02 1.5 E-02

F-18 2.4 E-05 1.6 E-05 Rb-88 2.7 E-06 2.3 E-06

Na-22 3.0 E-01 2.0 E-01 Rb-89 5.8 E-06 4.9 E-06

Na-24 4.9 E-04 3.3 E-04 Rb-90 1.4 E-08 1.2 E-08

P-32 6.7 F-03 4.5 E43 Rb-90m 3.3 F-07 2.8 E-07

S-35 9.5 E-04 6.4 E-04 Sr-89 4.0 E-03 2.7 E-03

Ar-41 2.9 E-05 1.6 B-05 Sr-90 2.6 E-01 1.7 E41

K-40 2.9 E-01 1.9 E-1 Sr-90+D 2.6 E-01 1.8 E-01

Ca-41 2.4 E-05 1.6 E-05 Sr-91 1.0 E-04 6.7 E-05

Sc-46 2.8 E-02 1.9 E-02 Sr-92 6.0 E-05 4.1 E-05

Cr-51 2.0 E-04 1.4 E-04 Y-90 8.0 E-04 5.2 E-04

Mn-54 3.8 E-02 2.6 E-02 Y-90m 2.1 E-05 1.4 E-05

Mn-56 6.6 B-05 4.5 H-05 Y-91 5.9 EM3 3.9 E-03

Fe-55 5.3 E-04 3.5 E-04 Y-91m 5.9 E-06 4.5 E46

Fe-59 1.1 E-02 7.3 E-03 Y-92 5.2 E-05 3.5 E-05

Co-57 6.6 E-03 4.4 E-03 Y-93 1.4 EA4 8.7 E-05

Co-58 1.3 E-02 8.4 E-03 Zr-93 3.0 E-03 1.9 E-03

Co-60 5.7 E-1 38 E-01 Zr-95 9.0 E-03 60 E-03

Ni-59 7.1 E-04 4.8 E-04 Zr-95+D0  1.6 E-02 1.1 E-02

Ni-63 6.1 E-04 4.0 E-04 Nb-93m 4.8 B-03 3.2 M-03

Ni-65 2.6 E-05 1.8 E-05. Nb-94 1.9 E+00 1.3 E+00

Cu-64 3.5 E-05 2.3 B-05 Nb-95 1.1 E-02 7.4 E43

Zn-65 5.7 E-02 3.8 E-02 Nb-95m 6.9 E-04 4.6 E-04

Zn-69m 9.4 E-05 6.2 E-05 Nb-97 1.3 E-05 9.2 E-06

Zn-69 1.1 E-06 8.2 E-07 Nb-97mb 0.0 0.0

Ga-67 1.4 E-04 9.4 B-05 Mo-93 6.5 E-03 4.4 E-03

As-76 3.2 E-04 2.1 E-04 Mo-99 4.0 E-04 2.6 E-04

Se-79a (Pu-241) (Pu-241) Mo-99+D 4.6 E-04 3.0 E-04

Br-82  7.4 F-04 4.9 F-04 Tc-97 1.3 E-02 8.9 E-03

Br-83 2.0 B-07 1.4 E-07 Tc-99 5.2 E-02 3.5 E-02

Br-84 1.2 E-05 9.8 E-06 Tc-99m 8.8 E-06 5.9 E-06

Br-85 7.0 E-10 5.9 E-10 TC-101 7.5 E-07 6.3 E-07

Kr-83m 5.2 E-09 2.8 E-09 Ru-97 1.5 E-04 1.0 E-04
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Table 4-5. 100-F Area: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (nrem/Ci) by Effective Release Height.

Ru-103 4.3 E-03 2.8 E-03 Te-133m 2.6 E-05 1.9 E-05
Ru-103+D 4.3 E-03 2.8 E-03 Te-134 - 7.3 E-06 5.7 E-06

Ru-105 5.9 E-05 3.9 E-05 I-122 5.5 E-09 1.1 E-08
Ru-106 3.6 E-02 2.4 E-02 1-123 1.31E-05 3.9 E-05

Ru-106+D 4.7 E-02 3.1 E-02 1-125 2.4 E-02 7.0 E-02

Rh-103m 1.4 E-07 1.1 E-07 1-129 4.0 E-01 1.2 E00
Rh-105 1.1 E-04 7.4 E-05 1-130 1.5 E-04 4.3 E-04

P-105mb 0.0 0.0 I-131 1.3 E-02 3.9 E-02
Rh-106b 0.0 0.0 1-132 2.3 E-05 6.1 E-05

Pd-107 8.7 E-04 5.6 E-04 1-133 1.5 E-04 4.4 E-04

Pd-109 8.2 E-05 5.3 E-05 1-134 7.8 E-06 1.9 E-05

Ag-109mb 0.0 0.0 1-135 4.9 E-05 1.4 E-04

Ag-110 0.0 0.0 Xe122 2.7 E-06 1.3 E-06
Ag-110m 1.1 E-01 7.5 E-02 Xe-123 1.5 E-05 8.1 E-06
Ag-11 2.3 E-03 1.6 E-03 Xe-125 9.9 E-06 4.91E-06

Cd-113a (Pu-241) (Pu-241) Xe-127 1.1 E--05 5.5 E-06

Cd-113ma (Pu-241) (Pu-241) Xe-131nm 4.1 E-07 2.0 E-07

Cd-115 4.5 E-04 2.9 E-04 Xe-133 1.5 E-06 7.3 E--07
Cd-I 15m 8.3 E-03 5.5 E-03 Xe-133m 1.3 E-06 6.3 E-07

In-113m 6.4 "06 4.5 F-06 Xe-135 9.3 E-06 4.6 E-06

In-115 1.4 E-01 9.2 E-02 Xe-135m 1.3 E-06 9.2 E-07

In-1i15m 1.4 E-05 9.1 E-06 Xe-137 1.3 E-08 9.1 E-09

Sn-113 5.1 E-03 3.4 E-03 Xe-138 3.2 E-06 2.4 E-06

Sn-123 1.2 E-04 8.0 E-05 Cs-134. 2.3 E-1 1.6 E-01

Sn-125 5.5 E-03 3.7 E-03 Cs-134m 2.3 E-06 1.5 E-06

Sn-126 1.1 E-01 7.3 E-02 Cs-135 1.0 E-02 6.8 E--03

Sb-124 2.0 E-02 1.3 E-02 Cs-136 8.6 E-03 5.7 E-03

Sb-125 6.1 F-02 4.1 E-02 Cs-137 6.1 E-02 4.1 E-02
Sb-126 7.6 E-03 5.1 E-03 Cs-137+D0  5.5 E-01 3.7 E-01

Sb-126m 5.5 E-06 4.7 E46 Cs-138 1.7 E-05 1.3 E-05

Sb-127 1.1 E-03 7.2 E-04 Cs-139 3.4 E-07 2.9 E-07

Te-125m 2.4 E-03 1.6 E-03 Ba-133 1.7 E-01 1.2 E-01

Te-127 2.0 E-05 1.3 E-05 Ba-133m 7.3 E-05 4.8 E-05

Te-127m 5.9 E-03 3.9 E-03 Ba-137m 2.7 E-09 - 2.3 E-09

Te-129 3.4 E-06 2.5 E46 Ba-139 4.9 E-06 3.5 E-06

Te-129m 5.8 E-03 3.8 E-03 Ba-140 2.5 E-03 1.6 E-03

Te-131 2.9 E-06 2.4 E-06 Ba-140+DC 6.3 E-03 4.2 E-03

Te-131m 5.5 E-04 3.6 E-04 Ba-141 2.8 E-06 2.4 E-06

Te-132 9.5 E-04 6.3 E-04 Ba-142 1.2 E-06 1.1 E-06
Te-133 1.7 E-06 1.4 E-06 La-140 9.3 E-04 6.1 E-04
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Table 4-5. 100-F Area: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (nrem/Ci) by Effective Release Height.

La-141 1.6 E-06 1.1 E-06 Pb-211 1.0 E-04 8.2 E-05
La-142 5.6 E-05 3.9 E-05 Pb-212 7.7 E-03 5.0 E-03
Ce-141 1.8 E43 1.2 E-03 Pl-214 8.7 E-06 7.2 E-6
Ce-143 2.8 E-04 1.8 E-04 Bi-210 1.0 E02 6.6 E-03
Ce-144 2.9 E-02 1.9 E-02 Bi-211 2.0 E09 1.7 E-09

Ce-144+D 3.0 E-02 1.9 E-02 Bi-212 6.0 E-04 4.4 E-04

Pr-143 1.4 E43 9.1 E-04 Bi-213 1.8 E-05 1.4 E-05
Pr-144 4.8 E-07 4.1 E-07 Bi-214 7.9 E-06 6.6 E-06

Pr-144m 3.5 E-08 2.9 B-08 Po-210 1.2 B+00 8.0 E-01
Nd-147 1.3 E-03 8.9 E-04 Po-211b 0.0 0.0
Pm-147 2.5 F-03 1.6 F-03 Po-212 0.0 0.0
Pm-148 2.0 E-03 1.3 E-03 Po-213b 0.0 0.0

Pm-148m 1.8 E-02 1.2 E-02 Po-214 0.0 0.0
Pm-149 2.5 E-04 1.6 E-04 Po.215b 0.0 0.0
Pm-151 6.7 E-05 4.5 E-05 Po-216e 0.0 0.0
Srm-147 3.9 E+00 2.5 E+00 Po-218 1.4 E-09 1.1 E-09
Sm-151 1.7 E-03 1.1 E-03 At-217b 0.0 0.0
Sm-153 1.8 E-04 1.2 E-04 Rn-219d 5.9 E-03 4.0 E-03
Eu-152 5.6 E-01 3.8 E-0 Rn-220d 1.1 E-05 7.0 E-06

Eu-152m 2.4 E-05 1.6TE--S Rn-222 1.8 E-04 8.9 E-05

Eu-154 4.5 E-O1 3.0 E-01 Fr-221 1.1 E-06 9.0 E-07
Eu-155 1.8 E-02 1.2 E-02 Fr-223 1.7 E-05 1.4 E-05
Eu-156 5.6 E-03 3.7 E-03 Ra-223 5.6 E-01 3.6 E-0f
Gd-152a (Pu-239) (Pu-239) Ra-224 2.0 E-01 1.3 E-1
Tb-160 1.5 E-02 9.9 E-03 Ra-225 3.5 E-01 Z2 E-01
Ho-166 2.1 E-04 1.3 E-04 Ra-226 1.1 E+00 7.0 E-01

Ho-166m 1.8 E+00 1.2 E+00 Ra-228 4.4 E-01 2.9 E-01
Hf-181 5.7 E-03 3.8 E43 Ac-225 3.3 E-01 2.1 E-01
W-181 1.0 F-03 7.0 E-04 Ac-227 3.4 E+01 2.2 E+01
W-185 1.4 E-03 9.3 E-04 Ac-228 3.6 E-03 2.4 E-03

W-187 1.2 E-04 7.8 E-05 Th-227 6.1 E-01 3.9 E-01
Re-187 4.0 E-05 2.7 E-05 Th-228 1.3 E+01 8.3 B+00
Ir-192 1.3 E-02 8.4 E-03 Th-229 3.6 E+01 2.3 E+01
Hg-203 7.8 E-03 5.2 E-03 Th-230 1.3 E+01 8.3 E+00
'T-207 2.3 E-09 1.9 E49 Th-231 5.6 E-05 3.6 E-05
T1-208 5.9 E-08 5.0 E-08 Th-232 1.9 E+01 1.2 E+01
TI-209 3.1 E-09 2.6 E-09 Th-232+DC 2.2 E+01 1.4 E+01
Pb-209 3.5 E-06 2.4 E-06 Th-234 5.5 E-03 3.7 E-03
Pb-210 3.3 E+00 2.2 E+00 Pa-231 2.7 E+01 1.7 E+01

Pb-210+D0 3.3 E+00 2.2 E+00 Pa-233 2.4 E-03 1.6 E-03
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Table 4-5. 100-F Area: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (nrern/Ci) by Effective Release Height.

Pa-234

U0a-234mb

U-232

U-233

U-234

U-235

U-236

U-237

U-238

U-240

1.6 E-04

0.0

2.6 E+01

7.3 E+00

7.2 E+00

6.9 E+00

6.8 E+00

7.1 E-4

6.4 E+00

1.2 E-04"

1.1 E-04

0.0

1.6 E+01

4.7 E+00

4.6 E+00

4.4 E+00

4.4 E+00

4.7 E-04

4.1 E+00

7.7 E-05

Pu-240

Pu-241

Pu-241+Dc

Pu-242

Pu-243

Pu-244

Am-241

Am-242

Am-242m

Am-243

1.9 E+01

3.0 E-01

3.0 E-1

1.8 E+01

1.0 E-05

1.8 E+01

2.9 E+01
2.8 E-03

2.8 E+01

2.9 E+01

1.2 E+01

1.9 E-01

1.9 E-01

1.2 E+01

6.8 E-06

1.2 E+01
1.9 E+01

1.8 E-03

1.8 E+01

1.9 E+01

Np-237 2.7 E+01 1.7 E+01 Cm-242 9.6 E-01 6.1 E-01

Np-238 1.8 E-03 1.2 E-03 Cm-243 2.0 E+0 I .3 E+01

Np-239 2.8 E-04 1.8 E-04 Cm-244 1.6 E+01 9.9 E+00
Np-240 1.8 F-05 1.3 E-05 Cm-245 3.0 E+01 1.9 E+01

Np-240m 2.2 E-07 1.8 E-07 Cm-246 3.0 E+01 1.9 E+01
Pu-236 4.7 E+00 3.0 E+00 Cm-247 2.8 E+01 1.8 E+01

Pu-238 1.8 E+01 1.1 E+01 Cm-248 1.1 E+02 7.1 E+01

Pu-239 1.9 E+01 1.2 E+01 Cf-252 8.3 E+00 5.3 E+00

a Dose factors for this nuclide not included in the CAP88-PC library; thus, substituting the dose factors
of the radionuclide in parentheses is recommended.
Factor is 1 0 E-11, or effectively zero, considering also the scarcity and short half-life of the nuclide.

C "+D" indicates factors from in-grown progeny are also included.
d Short-lived Rn isotopes modeled on dose from their longer-lived progeny. Yet, 1 Ci of Rn does not

equal 1Ci of Pb. Each Ci of Rn-219 released generates 0.0018 Ci of Pb-21 0, arid each Ci of Rn-220;
0.00 14 Ci of Pb-212. Dose based on Pb progeny multiplied by appropriate equilibrium factor
(HNF-3602 1999).
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Table 4-6. 100-H Area: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

H-3 5.3 E-05 2.6 E-05 Kr-85 1.2 E-07 5.8 E--08
Be-7 3.6 E-04 2.5 E-04 Kr-85m 4.0 E-06 2,1 E-06
B-10a (Sr-9 0) (Sr-90) Kr-87 1.1 E-05 6.2 E-06

C-11 2.4 E-06 2.1 E-06 Kr-88 4.6 E-05 2.5 E-05

C-14 4.2 E-03 2.0 E-03 Kr-89 1.2 E-08 8.5 E-09

C-15b 0.0 0.0 Kr-90b 0.0 0.0

N-13 6.5 E-07 5.6 E-07 Rb-86 5.2 E-03 3.6 E-03

0-15b 0.0 0.0 Rb-87 1.7 E-02 1.2 E-02

F-18 1.7 E-5 1.2 E-05 Rb-88 1.7E-06 1.4 E-06

Na-22 2.3 E-01 1.6 E-01 Rb-89 3.5 E-06 3.0 E-06

Na-24 3.8 E-04 2.6 E-04 Rb-90 2.7 E-09 2.3 E-09

P-32 5.3 E-03 3.6 E-03 Rb-90m 1.1 E-07 9.4 B-08

S-35 7.5 E-O4 5.2 E-04 Sr-89 3.1 E-03 2.2 E-03

Ar-41 2.1 E-05 1.2 E-05 Sr-90 2.1 E-01 1.4 E-01

K-40 2.2 E-1 1.6 E-OI Sr-90+D0  2.1 E-1 1.4 E-0I
Ca-41 1.9 F-05 1.3 E-05 Sr-91 7.8 E-5 5.3 E-0$

Sc-46 2.2 E-02 1.5 B-02 Sr-92 4.3 E-05 3.1 E-05

Cr-51 1.6 E-04 1.1 E-04 Y-90 6.2 E-04 4.2 E-04

Mn-54 3.0 E-02 2.1 E-02 Y-90m 1.6 E-05 1.1 E-05
Mn-56 4.8 E-05 3.4 E-05 Y-91 4.6 E-03 3.1 E-03

Fe-55 4.2 E-04 2.9 E-04 Y-91m 4.0 E-06 3.1 B-06

Fe-59 8.6 E-03 5.9 E-03 Y-92 3.9 B-05 2.7 E-05

Co-57 5.2 E-03 3.6 E-03 Y-93 1.0 E-04 6.9 E-05

Co-58 9.9 E-03 6.9 E-03 Zr-93 2.3 E-03 1.6 E-03

Co-60 4.5 E-01 3.1 E-01 Zr-95 7.1 E-03 4.9 E-03

Ni-59 5.6 E-04 3.9 E-04 Zr-95+D 1.3 E-02 8.8 E-03

Ni-63 4.8 E-04 3.3 E-04 Nb-93m 3.8 E-03 2.6 E-03
Ni-65 1.9 E-05 1.3 E-05 Nb-94 1.5 E+00 1.0 E+00

Cu-64 2.7 E-05 1.8 E-05 Nb-95 8.7 E-03 6.0 E-O3

Zn-65 4.5 E-02 3.1 E-02 Nb-95m 5.4 E-04 3.7 E-04

Zn-69m 7.3 E-5 4.9 E-05 Nb-97 8.7 E-06 6.6 E-06

Zn-69 7.4 E-07 5.8 E-07 Nb-97mb 0.0 0.0

Ga-67 1.1 E-04 7.6 E-05 Mo-93 5.1 E-03 3.5 E-03

As-76 2.5 E-04 1.7 E-04 Mo-99 3.2 E-04 2.1 E-04

Se-79a (Pu-241) (Pu-241) Mo-99+D' 3.6 E-04 2.4 E-04

Br-82 5.8 E-04 4.0 E-04 Tc-97 1.0 E-02 7.2 E-03
Br-83 1.4 E-07 1.0 E-07 Tc-99 4.1 E-02 2.8 E-02

Br-84 7.9 E-06 6.6 E-06 Tc-99m 6.7 E-06 4.6 E-06

Br-85 1.5 H-10 1.3 E-10 Tc-101 4.4 E-07 3.8 E-07
Kr-83m 3.7 E-09 2.1 E-09 Ru-97 1.2 E-04 8.3 E-05
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Table 4-6. 100-H Area: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

Ru-103 3.4 E-03 2.3 E-03 Te.-133m 1.7 E-05 1.4 E-05

Ru-103+D 3.4 E-03 2.3 E--03 TR-134 4.8 F,06 3.9 E-06

Ru-105 4.4 E-5 3.0 E-05 1-122 1.4 E-09 2.8 E-09
Ru-106 2.9 E-02 L9E-02 1-123 9.1 E-06 2.7 E-05

Ru-106+D 4.7 E-02 3.1 E42 1-125 1.6 E-02 4.9 E-02

Rh-103m 9.4 E-08 7.3 E-08 1-129 2.7 F01 8.2 E-41

Rh-105 8.8 E-05 5.9 E-05 1-130 9.9 E-05 2.9 E44

]Rh-105m 1.8 E-20 1.6 E-20 I-131 8.9 E-03 2.7 E-02

Rh-106 4.1 E-26 3.5 E-26 1-132 1.5 E-OS 3.9 B-05

Pd-107 6.8 E-04 4.6 E-04 I-133 1.0 E-04 3.0 E-04

Pd-109 6.3 E-05 4.2 E-05 1-134 4.9 E-06 1.1 E-O5

Ag-109m 5.1 F-23 4.4 E-23 1-135 3.3 B-05 9.5 E-05

Ag-110 3.6 E-32 3.1 E-32 Xe-122 2.2 E-06 1.1 F-06

Ag-110m 8.8 E-02 6.1 E-02 Xe-123 1.1 E-5 6.1 E-06

Ag-111 1.8 E-03 1.3 F03 Xe-25 8.0 E-06 4.OB--06

Cd-113a (Pu- 2 4 1) (Pu-241) Xe-127 9.2 E-06 4.5 E-06

Cd-113ma (Pu-241) (Pu-241) Xe-131m 3.4 E-07 1.7 E-07

Cd- 115 3.5 E-04 2.4 E-04 Xe-133 1.2 E-06 6.0 E-07

Cd-115m 6.5 F-03 4.5 E-03 Xe-133m 1.0 E-06 5.2 E-07

In-113m 4.5 E-06 3.3 B-06 Xe-135 7.3 E-06 3.7 E-06

In-115 1.1 E-01 7.5 E-02 Xe-135m 7.6 F-07 5.7 E-07

In-115m 1.0 E-05 7.0 E-06 Xe-137 3.8 E-09 2.8 E-09

Sn-113 4.0 E-03 2.8 E-03 Xe-138 1.9 F-06 1.4 E-06

Sn-123 9.4 E-OS 6.5 E-05 Cs-134 1.8 E-01 1.3 E-01
Sn-12 5 4.3 E-03 3.0 E-03 Cs-134m 1.6 E-06 1.2 E-06

Sn-1 2 6 8.6 E-02 5.9 E-02 Cs-135 8.0 E-03 5.6 E-03

Sb-124 1.6 E-02 1.1 E-02 Cs-136 6.8 E-03 4.7 E-03

Sb-125 4.8 E-02 3.3 E-02 Cs-137 4.8 E-02 3.3 E-02

Sb-126 6.0 E-03 4.1 E-03 Cs-137+D0  4.4 E-01 3.0 E-01

Sb-126m 3.5 E-06 3.0 E-06 Cs-138 1.1 E-05 9.1 E-06

Sb-127 8.5 E-04 5.8 E-04 Cs-139 1.8 E-07 1.5 E-07

Te-125m 1.9 E-03 1.3 E-03 Ba-133 1.4 E-1 9.4 E-02

Te-127 1.5 E-05 1.0 E-05 Ba-133m 5.7 E-05 3.9 E-05

Te-127m 4.6 E-03 3.2 E-03 Ba-137m 5.1 B-10 4.4 E-10

Te-129 2.3 E-06 1.8 E-06 Ba-139 3.4 E-06 2.5 E-06

Te-129m 4.6 E-03 3.1 E-03 Ba-140 1.9 E-03 1. 3 E-03

Te-131 1.8 E-06 1.6 E-06 Ba 140+Dc 5.0 E-03 3.4 E-03
Te-131m 4.3 E-04 2.9 E-04 Ba-141 1.8 E-06 1.5 E-06

Te-132 7.5 E-04 5.1 M.04 Ba-142 6.8 E-07 5.8 B-07

Te-133 9.6 E-07 8.3 E-07 La-140 7.3 E-04 5.0 73-04
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Table 4-6. 100-H Area: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

La-141 1.2 E-06 8.3 E-07 Pb-211 6.8 E-05 5.6 E-05
La- 142 3.9 E-05 2.9 E--05 Pb-212 5.9 E-03 3.9 E--3

Ce-141 1.4 E-03 9.4 E-04 Pb-214 5.6 E--06 4.8 E-06

Ce-143 2.2 E-04 1.4 E-04 Bi-210 8.1 E-03 5.4 E-03

Ce-144 23 E-02 1.5 E-02 Bi-211 2.8 E-10 2.4 E-10

Ce-144+D 2.4 E-02 1.6 E-02 Bi-212 4.0 E-04 3.1 E-04

Pr-143 1.1 E-03 7.3 E-04 Bi-213 1.2 E-05 9.6 E46

Pr-144 3.0 E-07 2.6 E-07 Bi-214 4.9 E-06 4.2 E-06

Pr-144m 1.6 E-08 1.4 E-08 Po-210 9.5 E-01 6.5 E-01

Nd-147 1.1 E-3 7.2 E-04 Po-2 11b 0.0 0.0

Pm-147 2.0 E-03 1.3 E-03 Po-212 0.0 0.0
Pm-148 1.6 E-03 1.1 E-03 Po-213b 0.0 0.0

Pm-148m 1.4 E-02 9.7 E-03 Po-214b 0.0 0.0
Pm-149 2.0 E-04 1.3 E-04 Po-215b 0.0 0.0
Pm-151 5.2 E-05 3.6 E-05 Po-216e 0.0 0.0
Sm-147 3.1 E+00 2.0 E+00 Po-218 3.2 E-10 2.7 E-10

Sm-151 1.4 E-03 9.0 E-04 At-217b 0.0 0.0
Sm-153 1.4 E-04 9.4 E-05 Rn-219d 4.7 E-03 3.2 -03

Eu-152 4.4 E-01 3.0 E-01 Rn-220d 8.3 E-06 5.5 E-06

Eu-152m 1.8 E-05 1.2 E45 Rn-222 1.5 E-04 7.3 F,-05

Eu-154 3.6 E-01 2.5 E-01 Fr-221 3.9 E-07 3.3 E-07

Eu-155 1.5 E-02 1.0 E-02 Fr-223 1.1 E-05 9.4 E-06
Eu-156 4.4 E-03 3.0 F-03 Ra-223 4.4 E-01 2.9 E-01

Gd-152a (Pu-239) (Pu-239) Ra-224 1.6 E-01 1.0 E-01

Tb-160 1.2 E-02 8.0 E43 Ra-225 2.7 E-01 1.8 E-01

Ho-166 1.6 E-04 1.1 E-04 Ra-226 8.4 E-01 5.7E-01

Ho-166m 1.4 E+00 1.0 E+00 Ra-228 3.5 E-01 2.4 E-01

Hf-181 4.5 E-03 3.1 E-03 Ac-225 2.6 -01 1.7 E-01

W-181 8.2 E-04 5.7 E-04 Ac-227 2.7 E+01 1.8 E+01

W-185 1.1 E-03 7.5 E-04 Ac-228 2.7 E-03 1.8 E-03

W-187 9.2 E-05 6.3 E-05 Th-227 4.8 E-01 3.1 E-01

Re-187 3.1 E-05 2.2 E45 Th-228 1.0 E+01 6.7 E+00
Ir-192 9.9 E-03 6.8 E-03 Th-229 2.8 E+01 1.9 E+01

Hg-203 6.2 E-03 4.3 E-03 Th-230 1.0 E+01 6.7 E+00

TI-207 8.2 E-10 7.0 E-10 Th-231 4.3 E-05 2.9 E-05

TI-208 1.4 E-08 1.2 E-08 Th-232 1.5 E+01 9'6E+00
TI-209 4.6 E-10 3.9 E-10 Th-232+D0  1.7 E+01 1.1 E+01

Pb-209 2.6 E-06 1.8 E-06 Th-234 4.4 E-03 3.0 E-03

Pb-210 2.6E+00 1.8E+00 Pa-231 2.1 E+01 1.4 E+01
Pb-210+DC 2.6 E+00 1.8 E+00 Pa-233 1.9 E-03 1.3 E-03

4-23



DOE/RL-2006-29

Table 4-6. 100-H Area: Offsite MPR CAP88-PC
'Dose-per-Unit Release Factors (mren/Ci) by Effective Release Height.

Pa-234

Pa-234mb

U-232

U-233

TJ-234

U-235

U-236

U-237

U-238

U-240

1.2 E-04

0.0

2.0 E+01

5.7 E+00

5.7 E+00

5.4 E+00

5.4 E+00

5.6 E-04

5.0 E+00

9.2 E-05

8.3 E-05

0.0

1.3 E+0l

3.8 E+00

3.7 E+00

3.6 E+00

3.5 E+00

3.8 E-04

3.3 E+00

6.2 B-05

Pu-240

Pu-24]

Pu-241+Dc

Pu-242

Pu-243

Pu-244

Am-241

Am-242

Am-242m

Am-243

1.5 E+01

2.4 E-01

2.4 E-01

1.4 E+O1

7.7 B-06

1.4 E+01

2.3 E+01

2.2 E-03

2.2 E+01

2.3 E+01

9.9 E+00

1.6 E-01

1.6 E-1

9.5 E+00

5.2 E-06

9.4 E+00

1.5 E+01

1.5 E-03

1.5 E+01

1.5 E+01

Np-237 2.1 E+0I 1.4 E+01 Cm-242 7.5 E-401 5.0 E-41

Np-238 1.4 E-03 9.5 E-04 Cm-243 1.6 E+01 1.0 E+01

Np-239 2.2 B-04 1.5 E-04 Cm-244 1.2 E+01 8.0 E+00

Np-240 1.2 F-05 9.3 E-06 Cm-245 2.4 E+01 1.6 E+01

Np-240m 1.0 E-07 8.7 B-08 Cm-246 2.4 E+01 1.6 E+0l

Pu-236 3.7 E+00 2.4 E+00 Cm-247 2.2 E+O1 1.5 E+01

Pu-238 1.4 E+01 9.2 E+00 Cm-248 8.7 E+01 5.7 E+01

Pu-239 1.5 E+01 9.9 E+00 Cf-252 6.5 E+00 4.3 E+00

Dose factors for this nuclide not included in the CAP88-PC library; thus, substituting the dose factors
of the radionuclide in parentheses is recommended.
Factor is :1.0 E-1 1, or effectively zero, considering also the scarcity and short half-life of the nuclide.

C ,+D" indicates factors from in-grown progeny are also included.

d Short-lived Rn isotopes modeled on dose from their longer-lived progeny. Yet, I Ci of Rn does not
equal ICi of Pb. Each Ci of Rn-219 released generates 0.0018 Ci ofPb-210, and each Ci of Rn-220,
0.0014 Ci of Pb-212. Dose based on Pb progeny multiplied by appropriate equilibrium factor
(HNF-3602 1999).
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Table 4-7. 100-K Area: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

H-3 4.9 E-05 2.5 E-05 Kr.-85 1.1 E-07 5.6 E-08

Be-7 3.9 E-04 2.4 E-0)4 Kr-85m 4.2 E-06 2.2 E-05

Be-10 (Sr-90) (Sr-90) Kr-87 1.5 E-05 7.3 E-06
C-11 3.6 E-06 2.1 E-06 Kr-88 5.3 E-05 2.7 E-05

C-14 3.8 E-03 2.0 E-03 Kr-89 3.6 E-08 1.9 E-08

C-15b 0.0 0.0 Kr-90 0.0 0.0
N-13 8.3 E-07 4.9 E-07 Rb-86 5.7 E-03 3.6 E-03

0-15 7.3 E-10 4.4 E-10 Rb-87 1.9 E-02 1.2 E-02

F-18 2.3 E-5 1.4 E-05 Rb-88 2.4 E-06 1.4 E-06

Na-22 2.5 E-01 1.6 E-01 Rb-89 4.8 E-06 2.8 E-06

Na-24 4.3 E-04 2.7 E-04 Rb-90 1.2 E-08 7.1 E-09

P-32 5.7 E-03 3.6 E-03 Rb-90m 2.3 E-07 1.4 E-07

S-35 8.1 E-04 5.1 E-04 Sr-89 3.4 E-03 2.1 E-03

Ar-41 2.6 E-05 1.3 E-05 &-90 2.2 E-01 1.4 E-01

K-40 2.4 E-01 1.5 E-01 Sr-90+D 2.2 E-01 1.4 E-01

Ca-41 2.0 E-05 1.3 E-05 Sr-91 9.0 B-05 5.5 Fr-05
Sc-46 2.4 E-02 1.5 E-02 Sr-92 5.7 F-05 3.4 F-05

Cr-51 1.7 E-04 1.1 E-04 Y-90 6.8 E-04 4.2 E-04

Mn-54 3.3 E-02 2.1 E-02 Y-90m 2.0 F-05 1.2 E-05
Mn-56 6.4 Fr-05 3.8 E-5 Y-91 5.0 E-03 3.1 B-03

Fe-55 4.5 E-04 2.9 E-04 Y-91m 6.4 E-06 3.8 E-06

Fe-59 9.3 E-03 5.9 E-03 Y-92 4.9 E-05 2.9 E-05

Co-57 5.6 E-03 3.5 E-03 Y-93 1.2 E-04 7.2 E-05

Co-58 1.1 E-02 6.8 E-03 Zr-93 2.6 F-03 1.6 -O3

Co-60 4.9E-01 3.1 E-01 Zr-95 7.7 E-03 4.8E-03

Ni-59 6.1 E-04 3.8 E-04 Zr-95+D 1.4 E-02 8.7 E-03

Ni-63 5.2 F-04 3.2 B-04 Nb-93m 4.1 E-03 2.5 E-03

Ni-65 2.5 E-05 1.5 E-05 Nb-94 1.6 E+00 1.0 E+00
Cu-64 3.1 B-05 1.9 F-05 Nb-95 9.5 E-03 6.0 E-03

Zn-65 4.9 B-02 3.1 E-02 Nb-95m 5.9 E-04 3.7 F-04

Zn-69m 8.3 E-05 5.1 E-05 Nb-97 1.3 E-05 7.9 E-06

Zn-69 1.2 E-06 7.0 E-07 Nb-97mb 0.0 0.0
Ga-67 1.2 E-04 7.6 B-05 Mo-93 5.6 E-03 3.5 E-03

As-76 2.7 E-04 1.7 E-04 Mo-99 3.5 E-04 2.1 E-04

Se-79a (Pu-241) (Pu-241) Mo-99+D 3.9 E-04 2.4 E-04

Br-82 6.4 E-04 4.0 F-04 Tc-97 1.1 E-02 7.2 E-03

Br-83 1.9 E-7 1.2 E-07 Tc-99 4.5 E-02 2.8 E-02

Br-84 1.3 E-05 7.6 E-06 Tc-99m 7.9 E-06 4.9 E-06

Br-85 5.7 B-10 3.4 E-10 Te-101 6.0 E-07 3.5 F-07

Kr-83m 4.7 E-09 2.4 E-09 Ru-97 1.3 E-04 8.2 E-05
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Table 4-7. 100-K Area: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

Ru-103 3.6 E-03 2.3E-03 Te-133m 2.8 E-05 1.6 E-05
Ru-103+D 3.6 E-03 2.3 E-03 Te-134 8.0 E-06 4.7 E-06

Ru-105 5.4 E-05 3.3 E-05 1-122 1.3 E-09 5.2 B-09

Ru-106 3.1 E-02 1.9 E-02 1-123 8.1 E-06 3.6 E-05

Ru-106+D 4.0 E-02 2.5 E-02 I-125 1.5 E-02 6.4 E-02

Rh-103m 1.5 E-07 8.9 E-8 1-129 2.4 E-01 1.1 E+00

Rh-105 9.7 E-05 5.9 E-05 1-130 8.9 E-05 3.9 E-04

Rh-105m 1.1 E-17 6.8 E-18 1-131 8.0 E-03 3.5 E-02
Rh-10 0.0 0.0 I-132 1.3 B-05 5.7 E-05
Pd-10' 0.0 0.0 . -133 9.2 E-O5 4.0 E-04

Pd-109 7.2 E-05 4.3 E-05 I-134 3.6 E-06 1.6 E-05

Ag-109mb 0.0 0.0 1-135 2.9 E-05 I .3 E-04

Ag-110b 0.0 0.0 Xe-122 2.1 E-06 1.1 E-06
Ag-110m 9.5 E-02 6.0 E-02 Xe-123 1.3 E-05 6.8 E-06

Ag-111 2.0 E-03 1.3 E-03 Xe-125 7.6 E-06 3.9 E-06
Cd-113a (Pu-241) (Pu-241) Xe-127 8.5 E-06 4.4 E-06

Cd.-l3ma (Pu-241) (Pu-241) Xe-131m 3.1 E-07 1.6 E,07

Cd-115 3.8 E-04 2.4 E-04 Xe-133 1.1 E-06 5.8 E-07

Cd-115m 7.1 E-03 4.4 E-03 Xe-133m 9.7 E-07 5.0 E-07

In-I 13m 6.5 E-06 3.9 E-06 Xe-135 7.2 E-06 3.7 E-06

In-115 1.2 E-01 7.4 E-02 Xe-135m 1.1 E-06 5.2 E47

In-115m 1.3 E--05 7.6 E-06 Xe-137 9.0 E-09 4.7 E-09

Sn-113 4.4 E-03 2.8 E-03 Xe-138 2.6 E-06 1.3 E-06

Sn-123 1.0 E-04 6.4 E-05 Cs-134 2.0 E-01 1.3 E-01

Sn-125 4.7 E-03 3.0 E-03 Cs-134m 2.1 E-06 1.3 E-06

Sn-126 9.3 E-02 5.9 E-02 Cs-135 8.7 E-03 5.5 E-03

Sb-124 1.7 E-02 1.1 E-02 Cs-136 7.3 E-03 4.6 E-03

Sb-125 5.2 E-02 3.3 E-02 Cs-137 5.3 E-02 3.3 E-02
Sb-126 6.5 E-03 4.1 E-03 Cs-137+D 4.7 E-01 3.0 E-01

Sb-126m 5.1 E-06 2.9 E-06 Cs-138 1.8 B-O5 1.0 E-05
Sb-127 9.3 E-04 5.8 E-04 Cs-139 2.3 E-07 1.3 E-07

Te-125m 2.0 E3 1.3 E-03 Ba-133 1.5 E-01 9.3 E-02
Te-127 1.7 E-OS 1.0 Er-OS Ba-133mn 6.3 E~-O5 3.9 B-OS

Te-127m 5.0 E-03 3.1 B-03 Ba-137m 2A E-09 1.4 E-09

Te-129 3.6 F-06 2.1 E-06 Ba-139 5.1 E-06 3.0 E-06
Te-129m 4.9 E-03 3.1 E-03 Ba-140 2.1 E-03 1.3 E-03

Te-131 2.9 E-06 1.7 E-06 Ba-140+DC 5.4 E-03 3.4 E-03

Te-131m 4.7 E-04 2.9 B-04 Ba-141 2.6 E-06 1.5 E-06

Te-132 8.2 E-04 5.1 E-4 Ba-142 8.7 E-07 5.1 E-07

Te-133 1.3 E-06 7.4 E-07 La-140 8.0 E-04 5.0 E-04
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Table 4-7. 100-K Area: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

La-141 1.5 E-06 -9.0 E-07 Pb-211 1. 1 E-04 6.5 E-05

La- 142 5.6 E-05 3.4 EFr05 Pb-212 - 6.8 E-03 4.1 E-03
Ce-141 1.5 E-03 9.3 E-04 Pb-214 9.1 E-06 5.2 E-06

Ce-143 2.4 E-04 1.5 E-04 Bi-210 8.9 E-3 5.4 E-03
Ce-144 2.5 E-02 1.5 E-02 Bi-211 2.0 E-09 1.2 B-09

Ce-144+D0  2.6 E-02 1.6 E-02 Bi-212 6.4 E-04 3.8 E-04

Pr-143 1.2 E-03 7.3 E-04 Bi-213 2.0 E-05 1.2 E-05

Pr-144 4.3 E-07 2.5 E-07 Bi-214 7.4-E-06 4.3 E-06

Pr-144m 2.2 F-08 1.3 E-08 Po-210 1.0 E+00 6.4 E-01
Nd-147 1.2 E-03 7.2 E-)4 Po-211b 0.0 0.0

Pm-147 2.1 E-03 1.3 E-03 Po-212 0.0 0.0
Pm-148 1.7 E-03 1.1 E-03 Po213b 0.0 0.0

Pm-148m 1.5 E-02 9.7 E-03 Po-214? 0.0 0.0
Pm-149 2.2 E-04 1.3 E-04 Po-215b 0.0 0.0
Pm-151 5.8 E-05 3.6 E-05 Po-21b 0.0 0.0
Sm-147 3.3 E+00 2.0 E+00 Po-218 1.1 E-09 6.5 E-10
Sm-151 1.5 E-03 9.0 E-04 At-217b 0.0 0.0
Sm-153 1.5 E-04 9.4 E-05 Rn-219d 5.0 E-03 3.2 E-03

Eu-152 4.8 E-C1 3.0 E-01 Rn-220d 9.5 E-06 5.7 E-06

Eu-152m 2.1 E-05 1.3 E-05 Rn-222 1.4 E--04 7.1 E-05

Eu-154 3.9 E-01 2.5 E-0l Fr-221 7.1 E-07 4.3 E-07

Eu-155 1.6 E-02 9.9 E-03 Fr-223 1.7 E-05 9.7 E-06

Eu-156 4.8 E-03 3.0 F-03 Ra-223 4.8 E-01 2.9 E-0I
Gd-152 (Pu- 2 39 ) (Pu-239) Ra-224 1.7 E-01 1.0 E-01

Tb-160 1.3 E-02 8.0 E-03 Ra-225 3.0 E-01 .8 E-1

Ho-166 1.8 E-04 1.1 E-04 Ra-226 9.1 E-01 5.6 E-01
Ho-166m 1.6 E+00 9.9 E-01 Ra-228 3.8 E-01 2.3 E-01

Hf-181 4.8 F-03 3.0 E-03 Ac-225 2.8 E-1 1.7 E-01
W-181 8.9 E-04 5.6 E-04 Ac-227 2.9 E+01 1.8 E+01

W-185 1.2 E-03 7.5 E-04 Ac-228 3.3 E-03 2.0 E-03

W-187 1.0 B-04 6.3 E-05 Th-227 5.2 E-01 3.1 E-1

Re-187 3.4 E-05 2.1 E-05 Th-228 1.1 E+01 6.7 E+00

Ir-192 1.1 E-02 6.8 E-03 Th-229 3.1 E+01 1.9 E+01
ig-203  6.7 E-03 4.2 E-03 Th-230 1.1 E+01 6.7 E+00
TI-207 1.5 E-09 9.1 E-10 Th-231 4.8 E-05 2.9 E-05

TI-208 4.6 B-08 2.8 E-08 Th-232 1.6E+01 9.5 E+00
TI-209 2.9 E-09 1.8 E-09 Th-232+DC 1.8 E+01 1.1 E+01
Pb-209 3.3 E-06 2.0 E-6 Th-234 4.7 E-03 2.9 E-03

Pb-210 2.8 E+00 1.8E+00 Pa-231 2.3 E+01 1.4 E+01
Pb-210+D' 2.8 E+00 1.8 E+00 Pa-233 2.1 E-03 1.3 E-03
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Table 4-7. 100-K Area: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

Pa-234-

Pa-234mb

U-232

U-233

U-234

U-235

U-236

U-237

U-238.

U-240

1.4 E-04

0.0

2.2 E+1

6.2 E+00

6.2 E+00

5.9 E+00

5.8 E+00

6.1 E-04

5.5 E+00

1.1 E-04

8.8 E-05

.0.0
1.3 E+01

3.8 E+00

3.7 E+00

3.5 E+00
3.5 E+CO

3.8 E-04

3.3 B+00

6.3 E-05

Pu-240

Pu-241

Pu-241+Dc

Pu-242

Pu-243

Pu-244

Am-241

Am-242

Am-242m

Am-243

1.6 E+01

2.6 E-01

2.6 E-C1

1.6 E+01

9.4 E-06

1.6 E+01

2.5 E+01

2.5 E-03

2.4 E+01

2.5 E+01

9.9 E+00
1.6 E-01

1.6 E-01

9.4 E+00

5.6 E-06

9.3 E+00

1.5 E+01

1.5 E-03
1.5 E+01

1.5 E+01

Np-237 2.3 E+01 1.4 E+1 Cm-242 8.2 E-01 4.9 E-01

Np-238 1.6 E-03 - 9.6 E44 Cm-243 1.7 E+0I 1.0 E+01

Np-239 2.4 E-04 1.5 E-O4 Cm-244 1.3 E+01 8.0 E+00

Np-240 1.9 E-O5 1.1 -O5 Cm-245 2.6 E+01 1.6 E+01

Np-240m 1.4 E-07 8.1 E-08 Cm-246 2.6 E+O1 1.6 E+01

Pu-236 4.0 E+00 2.4 E+00 Cm-247 2.4 E+C1 1.4 E+1

Pu-238 1.5 E+01 9.2 E+00 Cm-248 9.5 B+0I 5.7 E+I

Pu-239 1.6 E+01 9.9 E+00 Cf-252 7.1 E+00 4.3 E+00

a ose factors for this nuclide not included in the CAP88-PC library; thus, substituting the dose factors
of the radionuclide in parentheses is recommended.

b Factor is S1.C E-11, or effectively zero, considering also the scarcity and short half-life of the nuclide.
C "+D" indicates factors from in-grown progeny are also included.
d Short-lived Rn isotopes modeled on dose from their longer-lived progeny. Yet, I Ci of Rn does not

equal ICi of Pb. Each Ci of Rn-219 released generates 0.0018 Ci of Pb-210, and each Ci of Rn-220,
0.0014 Ci of Pb-212. Dose based on Pb progeny multiplied by appropriate equilibrium factor (HNF-
3602 1999).
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Table 4-8. 100-N Area: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (nirem/Ci) by Effective Release Height.

H-3 4.0 E-05 2.3 E45 Kr-85 8.9 E-08 5.2 E-08
Be.-7 3.0 E-04 2.2 E-04 Kr-85m 3.2 E-06 1.9 E-06

Be-lob (Sr-90) (Sr-90) Kr-87 9.4 E-06 5.6 E-06
C-l1 1.7 E-06 1.3 E-06 Kr-88 3.9 E-05 2.3 E-05

C-14 3.I E-03 1.8 E-03 Kr-89 3.3 E-08 2.1 E-8

C-15b 0.0 0.0 Kr-90b 0.0 0.0
N-13 4.9 E-07 3.6 E-07 Rb-86 4.4 E-03 3.3 E-03

0-15 7.4 E-10 5.4 E-10 Rb-87 1.5 E-02 1.1 E42

F-18 1.6 E-05 1.1 E-05 Rb-88 1.1 E-06 8.4 E-07

Na-22 2.0 E-1 1.5 E-01 Rb-89 2.4 E-06 1.7 E-06

Na-24 3.3 B-04 2.4 E-04 Rb-90 1.1 E-08 8.0 E-09

P-32 4.5 FA3 3.3 E-03 Rb-90n 1.8 E-07 1.4 E-07

S-35 6.3 E-04 4.7 E-04 Sr-89 2.7 E-03 2.0 E-03

Ar-41 1.8 E-05 1.1 E-05 Sr-90 1.7E-01 1.3 E-01
K-40 1.9 E-01 1.4 E-01 Sr-90+D 1.8 E-01 1.3 E-1
Ca-41 1.6 E-05 1.2 E-05 Sr-91 6.8 E-05 4.9 E-05

Sc-46 1.9 E-02 1.4 E-02 Sr-92 4.0 E-05 2.9 E-05

Cr-51 1.4 E-04 1.0 E-04 Y-90 5.3 E-04 3.8 E-04

Mn-54 2.5 E-02 1.9 E-02 Y-90m 1-4 E-05 1.0 B-5
Mn-56 4.4 E-05 3.2 E-OS Y-91 3.9 E-03 2.8 E-03

Fe-55 3.6 E-04 2.6 E-04 Y-91m 3.6 E-06 2.6 E-06

Fe-59 7.3 E-03 5.4 E-03 Y-92 3.5 E-05 2.5 E-05

Co-57 4.4 E-03 3.2 E-03 Y-93 9.0 E-05 6.4 E-05

Co-58 8.4 E-03 6.2 E-03 Zr-93 2.0 E-03 1.4 E-43

Co-60 3.8E-01 2.8E-01 Zr-95 6.0E-03 4.4E-03
Ni-59 4.8 E-04 3.5 E-04 Zr-95+DC 1.1 E-02 8.0 E-03

Ni-63 4.0 E-04 3.0 E-04 Nb-93m 3.2 E-03 2.3 E-03
Ni-65 1.7 E-05 1.3 E-05 Nb-94 1.3 E+00 9.2 E-01

Cu-64 2.3 E-05 1.7 E-5 Nb-95 7.4 E-03 5.5 E-03

Zn-65 3.8 E-02 2.8 E-02 Nb-95m 4.6 E-04 3.4 E-04

Zn-69m 6.3 E-OS 4.5 E-05 Nb-97 8.1 E-06 5.9 E-06

Zn-69 6.8 E-07 4.9 E-07 Nb-97mb 0.0 0.0

Ga-67 9.5 E-05 6.9 E-05 Mo-93 4.3 E-03 3.2 E-03
As-76 2.1 E-04 1.5 E-04 Mo-99 2.7 E-04 1.9 E-04

S E-79 (Pu-241) (Pu- 2 4 1) Mo-99+D. 3.1 E-04 2.2 E-04

Br-82 5.0 E-04 3.6 B-04 Tc-97 8.9 E-03 6.6 E--03
Br-83 1.3 E-07 9.5 E-08 Tc-99 3.5 E-02 2.6 E-02
Br-84 6.4 E-06 4.7 E-06 Tc-99m 5.9 E-06 4.3 E-06

Br-85 5.1 E-10 3.8 E-10 To-101 3.0 E-07 2.2 E-07
Kr-83m 3.3 E-09 1.9 E-09 Ru-97 1.0 E-04 7.5 F-05
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Table 4-8. 100-N Area: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

Ru-103 2.9 E-03 2.1 E-03 Te-133m 1.6 E-05 L1 E-05
Ru-103+D 2.9 E-03 2.1 E-03 Te-134 4.2 E-06 3.1 E-06

Ru-105 3.9 E-05 2.8 E-05 1-122 1.0 E-09 3.9 E-09

Ru-106 2.4 E-02 1. 7E-02 I-123 5.7 E-06 2.3FE-05

Ru-106+D 3.1 E-02 2.3 E-02 1-125 1.0 E-02 4.2 E-02

Rh-103m 8.7 E-08 6.3 E-08 1-129 1.7 E-01 7.0 E-01

Rh-105 7.5 E45 5.4 E05 1-130 6.2 E-05 2.5 E-04

Rh-105mb 0.0 0.0 I-131 5.6 E-03 2.3 E-02

Rh-106' 0.0 0.0 1-132 8.4 E-06 3.3 E-05
Pd-107 5.8 E-04 4.1 E--04 1-133 6.4 E-05 2.6 E-04

Pd-109 5.4 E-05 3.9 E-05 1-134 2.1 E-06 8.1 F-06

Ag-109mb 0.0 0.0 1-135 2.0 -05 8.1 E-05
Ag-110b 0.0 0.0 Xe-122 1.7 E-06 9.9 E-07
Ag- 11Om 7.4 E-02 5.5 E-02 Xe-123 9.5 E-06 5.6 E-06

Ag-111 1.6 E-03 1.2 E-03 Xq-125 6.1 E-06 3.6 E-06

Cd-113a (Pu-241) (Pu-241) Xe-127 6.9 E-06 4.1 E-06

Cd-113m a (Pu-241) (Pu-241) Xe-131m .5 E07 1.5 E-07
Cd- 115 3.0 E-04 2.1 E 4 Xe-133 9.3 E-07 5.4 E-07

Cd-115m 5.5 E-03 4.0 E-03 Xe-133m 7.9 E-07 4.6 E-07

In-113m 4.2 E-06 3.0 E-06 Xe-135 5.7 E-06 3.4 E-06

In-115 9.3 E-02 6.8 E-02 Xe-135m 5.3 E-07 3.3 E-07

In-115m 9.1 E-06 6.5 E-06 Xe-137 7.9 E-09 - 4.9 E-09

Sn-113 3.4 E-03 2.5 E-03 Xe-138 1.4 E-06 8.5 E-07

Sn-123 8.0 E-05 5.9 E-05 Cs-134 1.6 E-01 1.1 E-01

Sn-125 3.7 E-03 2.7 E-03 Cs-134m 1.5 E-06 1.1 E-06

Sn-126 7.3 E-02 5.4 F-02 Cs-135 6.8 E-03 5.0 E-03
Sb-124 1.3 E-02 9.8 E-03 Cs-136 5.7 E-03 4.2 E-03

Sb-125 4.11E-02 3.0 E-02 Cs-137 4.1 E-02 3.0 E-02
Sb-126 5.1 E-03 3.7 E-03 Cs-137+D 3.7 E-01 2.7 E-01

Sb-126m 2.4 E-06 1 8 E-06 Cs-138 8.8 E-06 6.4 E-06

Sb-127 7.2 E-04 5.3 E-04 Cs-139 1.4 E-07 1.0 E-07

Te-125m 1.6 E-03 1.2 E--03 Ba-133 1.2 E-01 8.5 E--02
Te-127 1.3 E-05 9.2 E-06 Ba-133m 4.9 E-05 3.5 E-05

Te-127m 3.9 E-03 2.9 E-03 Ba-137m 2.2 E-09 1.6 E-09

Te-129 2.2 E-06 1.6 F-06 Ba-139 3.2 E-06 2.3 E-06

Te-129m 3.9E-03 2.81E-03 Ba-140 1.6E-03 1.2 E-03
Te-131 1.4 E-06 1.0 E-06 Ba-140+D 4.2 E-03 3.1 E-03

Te-131m 3.7 E-04 2.6 E-04 Ba-141 1.2 E-06 8.9 E-07

Te-132 6.4 E-04 4.6 E-04 Ba-142 4.9 E-07 3.6 E-07

Te-133 6.6 F-07 4.9 E-07 La-140 6.2 E-04 4.5 F-04
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Table 4-8. 100-N Area: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

La- 141 1.1 E-06 7.7 E-07 Pb-211 5.7 E-05 4.1 E-05
La-142 3.6 F-05 2.6 E-05 Pb-212 5.1 E-03 3.6 E-03
Ce-141 1.2 E-03 8.5 E-04 Pb-214 4.3 E-06 3.1 E46

Ce-143 1.8 E-04 1.3 E-04 Bi-210 6.9 E-03 4.9 E-03
Ce-144 1.9 E-02 1.4 E-02 Bi-211 2.0 B-09 1.4 E-09

Ce-144+DC 2.0 E-02 1.4 E-02 Bi-212 3.7 E-04 2.7 E-04

Pr-143 9.1 F-04 6.7 E-04 Bi-213 1.1 E-05 7.8 E-06
Pr-144 2.0 E-07 1.5 E-07 Bi-214 3.4 B-06 2.5 E-06

Pr-144m 1.5 E-08 1.1 E-08 Po-210 8.1 E-1 5.9 E41
Nd-147 9.0 E-04 6.5 E-04 Po-211b 0.0 0.0
Pm-147 1.7 E-03 1.2 E-03 Po-212 0.0 0.0
Pm-148 1.3 E-03 9.7 E-04 Po-213b 0.0 0.0

Pm-148m 1.2 E-02 8.8 E-03 Po-214b 0.0 0.0
Pm-149 1.7 E-04 1.2 E-04 Po-215 b 0.0 0.0
Pn-151 4.5 F-05 3.3 E-5 Po-216b 0.0 0.0
Sm-147 2.6 E+00 1.8 E+00 Po-218 9.4 E-10 7.QE-10
Sm-151 1.2 E-03 8.2 B-04 At-217b 0.0 0.0
Srn-153 1.2 E-04 8.5 E-05 Rn-219d 4.0 E-03 2.9 E-03
Eu-152 3.7 E-01 2.8 E-01 Rn-220d 7.1 E-06 5.0 E-06

Eu-152m 1.6 E-05 1.1 E-05 Rn-222 1.1 E-04 6.6 E-05

Eu-154 3.0 E-01 2.2 B-01 Fr-221 5.6 E-07 4.1 E-07
Eu-155 1.2 E-02 9.0 E-03 Fr-223 7.8 E-06 5.7 F-06
Eu-156 3.7 E-03 2.8 E-03 Ra-223 3.7 E-01 2.6 E--01

Gd-152a (Pu-239) (Pu--239) Ra-224 1.3 E-01 9.4 E-02
Th-160 9.9 E-03 7.3 E-03 Ra-225 2.3 E-01 1.7 E-01
Ho-166 14 E-04 9.8 E-05 Ra-226 7.1 E-01 5.1 E-01

Ho-166m 1.2 E+00 9.1 E-01 Ra-228 2.9 F-01 2.1 B-01
Hf-181 3.8 E-03 2.8 E-03 Ac-225 2.2 E-01 1.5 E-01
W-181 7.0 E-04 5.2 F-04 Ac-227 2.3 E+01 1.6 E+01
W-185 9.3 E-04 6.8 E-04 Ac-228 2.4 E-03 1.7 E-03

W-187 7.9 E-05 5.7 E-5 Th-227 4.0 E-01 2.8 E-01
Re-187 2.7 E-05 2.0 E-05 Th-228 8.6 E+00 6.1 E+00
Ir-192 8.4 E-03 6.2 E-03 Th-229 2.4 E+01 1.7 E+01

Hg-203 5.2 E-03 3.9 E-03 Th-230 8.6 E+00 6.1 E+00
TI-207 1.2 E-09 8.8 E-10 Th-231 3.7 E-05 2.6 E-05
TI-208 4.1 E-08 3.0 E-08 Th-232 1.2E+01 .&7E+00
TI-209 2.9 E-09 2.1 E-09 Th-232+D0  1.4 B+01 1.0 E+01
Pb-209 2.4 E-06 1.7 E-06 Th-234 3.7 E-03 2.7 E-03
Pb-210 2.2 E+00 1.6E+00 Pa-231 1.8 E+01 1.3 E+01

Pb-210+Dj 2.2 E+00 1.6 E+00 Pa-233 1.6 E-03 1.2 E-03
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Table 4-8. 100-N Area: Offsite MPR CAPS8-PC
Dose-per-Unit Release Factors (nrem/Ci) by Effective Release Height.

Pa-234

Pa-234mnb

U-232

U-233

U-234

U-235

U-236

UJ-237

U-238

U-240

1.1 E-04

0.0

1.7 E+01

4.8 B+00

4.8 E+00

4.6 E+00

4.5 E+00

4.8 E-04

4.2 E+00

7.9 E -05

7.7 E-05

0.0

1.2 E+01

3.4 E+00

3.4 E+00

3.2 E+00

3.2 E+00

3.5 E-04

3.0 E+00

5.6 E-05

Pu-240

Pu-241

Pu-241+Dc

Pu-242

Pu-243

Pu-244

Am-241

Am-242

Am-242m-

Am-243

1.3 E+01

2.0 E-01

2.0 E-01

1.2 E+01

6.8 E-06

1.2 E+01

2.0 E+01

1.9 E-03

1.9 E+01

2.0 E+01

9.0 E+00

1.4 E-41

1.4 E-01

8.6 E+00

4.9 E-06

8.5 E+00

1.4 E+01

1.3 E-03

1.3 E+01

1.4 E+01

Np-237 1.8 E+01 1.3 E+01 Cm-242 6.3 E-01 4.5 E-01

Np-238 1.2 E-03 8.7 E-04 Cm-243 1.3 E+01 9.3 E+00

Np-239 1.9 E-04 1.3 E-04 Cm-244 1.0 E+01 7.3 .E+00

Np-240 1.1 E-05 8.2 E-06 Cm-245 2.0 E+01 1.4 E+01

Np-240m 9.2 E-08 6.8 E-08 Cm-246 2.0 E+01 1.4 E+01

Pu-236 3.1 E+00 2.2 E+00 Cm-247 1.9 E+01 1.3 E+01

Pu-238 1.2 E+01 8.4 E+00 Cm-248 7.3 E+01 5.2 E+01

Pu-239 1.3 E+01 9.0 E+00 Cf-252 5.5 E+00 3.9 E+00

Dose factors for this nuclide not included in the CAP88-PC library; thus, substituting the dose factors
of the radionuclide in parentheses is recommended,

b Factor is 51.0 E-11, or effectively zero, considering also the scarcity and short half-life of the nuclide.
C "+D" indicates factors from in-grown progeny are also included.
d Short-lived Rn isotopes modeled on dose from their longer-lived progeny. Yet, I Ci of Rn does not

equal ICi of Pb. Each Ci of Rn-219 released generates 0.0018 Ci of Pb-210, and each Ci of Rn-220,
0.0014 Ci of Pb-212. Dose based on Pb progeny multiplied by appropriate equilibrium factor (HNF-
3602 1999).
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Table 4-9. 200-E Area: Offsite and Onsite MPRs CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

H-3 2.5 F-05 7.1 E-06 1.4 E-05 4.2 E-06
Be-7 2.0 E-04 2.3 E-04 1.3 E-04 1.5 E-04

Be-10b (Sr-90) (Sr-90) (Sr-90) (Sr-90)
C-11 1.0E-06 2.0 B-06 7.7 E-07 1.4 E-06
C-14 1.9 E-03 1.8 E-04 1.1 E-03 1.1 E-04

C-15 0  0.0 0.0 0.0 0.0
N-13 9.9 E-08 2.7 E-07 7.9 E-08 2.1 E-07
0-15 0.0 0.0 0.0 0.0
F-18 1.0 E-05 1.5 E45 7.0 E-06 9.7 E-06

Na-22 1.3 E-01 1.5 E-01 8.7 E-02 9.8 E-02
Na-24 2.1 E-04 2.7 E-04 1.4 E-04 1.8 E-O4
P-32 2.9 E-03 2.7 E-04 2.0 E-03 2.0 E-04
S-35 4.1 E-04 2.8 E-05 2.8 F-04 2.4 E45

Ar-41 1.2 E-05 1.6 E-05 6.7 E-06 9.1 E-06
K-40 1.2 E-01 8.9 E-02 8.4 E-02 6.0 E-02
Ca-41 1.0 E-05 1.3 F-05 6.9 F-06 8.7 E-06
Sc-46 1.2 E-02 1.4 E-02 8.2 E--03 9.0 E-03
Cr-51 8.7 E-05 8.4 E-05 5.9 E-05 5.6 E-05
Mn-54 1.6 E42 2.0 E-02 1.1 E-02 1.4 E-02
Mn-56 2.9 F-05 4.0 E-05 1.9 E-05 2.6 E-05

Fe-55 2.3 FE04 6.0 E-05 1.6 E04 4.0 E-05
Fe-59 4.7 E-03 4.2 E-03 3.2 E-03 2.8 E-03

Co-57 2.8 E-03 3.2 E-03 1.9 £-03 2.1 E-03

Co-58 5.5 E-03 5.8 E-03 3.7 E-03 3.9 E-03

Co-60 2.5 E-1 3.0E-01 1.7 F-01 2.0 E-01
Ni-59 3.1 E-04 2.9 E-04 2.1 E-04 1.9 E-04

Ni-63 2.6 E-04 6.9 E-05 1.8 E-04 4.5 E-05
Ni-65 1.2 E-05 1.6 F-05 7.7 E-06 1.0 E-05
Cu-64 1.5 E-05 2.0 E-5 1.0 E-05 1.3 E-05
Zn-65 2.5 E-02 1.2 E-02 1.7 E-02 8.0 E-03

Zn-69m 4.1 E-05 7.5 E-O7 2.7 E-05 5.0 E-07
Zn-69 4.9 E-07 5.1 E-05 3.4 E-07 3.3 E-05
Ga-67 6.1 E-05 6.0 E-05 4.1 E-05 3.9 E-05
As-76 1.4 E-04 1.6 E-04 8.9 E-05 1.1 E-04

Se-79b (Pu-241) (Pu-241) (Pu-241) (Pu-241)

Br-I82 3.2 E-04 3.7 F£04 2.2 E-04 2.4 E-04
Br-83 8.7 £-08 1.2 E-47 5.8 E-08 7.9 E-08
Br-84 4.6 £46 7.9 E-06 3.3 E-06 5.5 E-06

Br-85C 0.0 0.0 0.0 0.0
Kr-83m 2.1 F-09 2.8 E-09 1.2 E-09 1.6 E-09

Kr-85
Kr-85m

Kr-S7

5.5 E-08
2.0 E-06
6.1 E46

6.8 E-08
2.6 E-06
8.8 E06

4-33

3.1 E-08
1.1 E-06
3.7 E-06

3.8 B-O8
1.5 E-06

.5.1 E-06



DOE/RL-2006-29

Table 4-9. 200-E Area: Offsite and Onsite MPRs CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

Kr-88 2.4 E-05 3.2 E-05 1.4 E-05 1.8 E-5

Kr-89 0.0 4.5 E-10 0.0 3.3 E-10
Kr-90 C 0.0 0.0 0.0 4.2 E-37
Rb-86 2.9 E-03 4.6 E-04 1.9 E-03 3.2 F-04

Rb-87 9.4 E-03 6.2 E-04 6.4 E-03 5.1 E-04

Rb-88 6.1 E-07 1.2 E-06 4.6 E-07 9.1 E-07

Rb-89 1.1 E-06 2.3 E-06 8.2 E-07 1.7 E-06

Rb-90C 0.0 0.0 0.0 0.0
Rb-90m 1.7 E-09 1.1 E-48 1.3 E-09 8.7 E-09

Sr-89 1.7 E-03 2.1 E-04 1.2 E-03 1.4 E-04

Sr-90 1.1 E-01 9.5 E-03 7.6 E-02 7.0 E-03
Sr-90+Dd 1.1 E-01 9.5 E-03 7.6 E-02 7.0 E-03

Sr-91 4.4 E-5 5.7 E-05 2.9 E-O5 3.7 E-05

Sr-92 2.6 E-05 3.6 E-05 1.8 E-5 2.4 E-05

Y-90 3.4 E-04 2.6 E-04 2.3 E-04 1.6 E-04

Y-90m 9.3 E-06 1.3 E-05 6.2 E-06 8.3 E-06

Y-91 2.5 E-03 1.4 E-03 1.7 E-03 9.0 E-04

Y-91m 2.6 E-06 4.0 E-06 1.8 E-06 2.7 E-06

Y-92 2.3 E-05 3.1 E-05 1.5 E-05 2.0 E-05

Y-93 5.8 E-05 7.5 E-05 3.8 E-05 4.8 E-05

Zr-93 1.3 E-03 1.3-03 8.4 E-04 8.6 E-04

Zr-95 3.9 E-03 4.2 E-03 2.6 E-03 2.8 E-03

Zr-95+Dd 7.0 E-03 8.1 E-03 4.7 E-03 5.4 E-03

Nb-93m 2.1 E-03 1.2 E-03 1.4 E-03 7.8 E-04

Nb-94 8.1 E-01 1.0 E+00 5.5 E-01 6.7 E-O1

Nb-95 4.8 E-03 2.4 E-03 3.2 E-03 1.7 E-03

Nb-95m 3.0 E-04 9.7 E-05 2.0 B-04 6.5 E-05

Nb-97 5.7 E-06 8.4 E46 3.9 E-06 5.6 E-06

Nb-97m 0.0 0.0 0.0 0.0
Mo-93 2.8 E-03 3.6 E-03 1.9 E-03 2.4 E-03

Mo-99 1.7 E-04 1.6 E-04 1.2 E-04 1.0 E-04
Mo-99+Dd 2.0 E-04 1.9 E-04 1.3 E-04 1.2 E-04

Tc-97 5.7 E-03 4.2 E-03 3.9 E-03 2.8 E-03

Tc-99 2.3 E-02 1.4 E-03 1.5 E-02 1.3 E-03

Tc-99m 3.8 E-06 3.2 E-O5 2.5 E-06 2.1 E-05

TC-101 1.2 E-07 2.7 E-07 9.3 E-08 2.0 E-07
Ru-97 6.6 B-O5 7.2 E-05 4.5 E-05 4.8 E-5

Ru-103

Ru-I 03+D 6

Ru- 105

Ru-106

Ru-106+D d

Rh-103m

Rh-105

1.8 E-03

1.8 E-03

2.5 E-05

1.6 E-02

2.0 E-02

6.3 E-08

4.8 E-05

1.8 B-03
1.8 E-03
3.4 E-05

1.3 E-02
1.9 E-02

9.5 E-08

4.1 E-05

1.2 E-03
1.2 E-03

1.7 E-05

1.0 E-02
1.3 E-02

4.3 E-08

3.2 E-05

1.2 E-03

1.2 E-03

2.2 E-05

8.5 E-03

1.2 E-02

6.4 E-08

2.7 E-05
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Table 4-9. 200-E Area: Offsite and Onsite MPRs CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

Rh-105n C 0.0 0.0 0.0 0.0
Rh-106 0.0 2.9 E-36 0.0 0.0
Pd-107 3.7 E-04 3.6 E-04 2.5 E-04 2.3 E4

Pd-109 3.5 E-05 4.2 E-45 2.3 E-05 2.7 B-5

Ag-109m0  0.0 0.0 0.0 0.0
Ag-110C 0.0 0.0 0.0 0.0
Ag-110m 4.8 E-02 5.4 E-02 3.3 E-02 3.6 E-02
Ag-111 1.0 E-03 2.4 E-04 6.8 E-04 1.6 E-04

Cd-113b (Pu-241) (Pu-241) (Pu-241) (Pu-241)

Cd-113mb (Pu-241) (Pu-241) (Pu-241) (Pu-241)

Cd-115 1.9 F-04 1.7 E-04 1.3 E-04 1.1 E-4

Cd-115m 3.6 E-03 1.3 E-03 2.4 E-03 8.6 E-04

In-113m 2.9 E-06 4.1 E-06 1.9 E-06 2.7 E-06

In-115 6.0 E-02 3.0 E-02 4.0 E-02 1.9 E42

In-115m 5.9 E-06 7.9 E-06 3.9 E-06 5.2 F-06

Sn-113 2.2 E-03 5.3 E-04 1.5 E-03 3.7 E-04

Sn-123 5.1 E-05 6.6 E-05 3.5 E-05 4.4 F05

Sn-125 2.4 E-03 7.0 E-04 1.6 E-03 4.6 E-04
Sn-126 4.7 E-02 4.1 E-02 3.2 E-02 2.8 E-02
Sb-124 8.6 E-03 9.1 E-03 5.8 E-03 6.0 E-03
Sb-125 2.6 E-02 3.3 E-02 1.8 E-02 2.2 E-02
Sb-126 3.3 E-03 3.1 E-03 2.2 E-03 2.1 E-03

Sb-126m 1.4 E-06 2.7 E-06 1.0 E-06 2.0 E-06
Sb-127 4.7 E-04 3.9 E-04 3.1 E-04 2.6 E-04

Te-125m 1.0 E-03 3.2 E-04 6.9 E-04 2.1 E-04

Te-127 8.4 E-06 1.1 E-05 5.5 E-06 7.0 E-06

Te-127m 2.5 E-03 7.1 "-4 1.7 E-03 4.7 E-04

Te-129 1.5 E-06 2.3 E-06 1.0 E-06 1.5 E-06
Te-129m 2.5 E-03 8.0 E-04 1.7 E-03 5.3 F-04

Te-131 9.3 E-07 1.7 E-06 6.8 E-07 1.2 E-06

Te-131m 2.4 E-04 2.9 E-04 1.6 E-04 1.9 E-04

Te-132 4.1 E-04 2.9 E-04 2.7 E-04 1.9 E-04

Te-133 2.2 E-07 5.2 E-07 1.7 E-07 4.0 E-07

Te-133m 1.1 E-05 1.7 B-05 7.9 E-06 1.2 E-O5

Te-134 3.1 E-06 5.0 E-06 2.2 E-06 3.4 E-06
I-122 0.0 1.1 E-10 0.0 2.0 E-10
1-123 6.5 F-06 1.0 E-05 1.6 E-05 2.5 E-05
1-125 1.2 E-02 4.1 E-04 2.9 E-02 8.1 E-04
1-129 2.0 E-01 2.2 F-02 4.8 E-01 5.0 E-02
1-130 7.1 E-05 1.2E-04 1.7E-04 2.73-04

1-131 6.4 E-03 5.0 E-04 1.63E02 1.1 F-03
1-132 1.0 E-05 1.8 E-05 2.4 B-OS 4.2 E-05
1-133 7.3 E-05 6.6 E-05 1.8E-04 1.6 E-04
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Table 4-9. 200-E Area: Offsite and Onsite MPRs CAP88-PC
Dose-per-Unit Release Factors (nrem/Ci) by Effective Release Height.

I-134 3.0 E-46 5.8 E-06 6.6 E-06 1.3 E-05
I-135 2.3 E-05 4.0 E-05 5.6 E-05 9.5 E-05

Xe-122 1.0 E46 1.3 E-06 5.8 E-07 7.3 E07

Xe-123 6.0 E-06 8.1 E-06 3.5 E-06 4.7 E-06

Xe-125 3.7 E-06 4.7 E-06 2.1 E-06 2.7 E-06

Xe-127 4.2 E-06 5.3 E-06 2.4 E-06 3.0 E-06

Xe-131m 1.5 E-07 1.9 E-07 8.7 E-08 1.1 E-07
Xe-133 5.6 E-07 7.0 E-07 3.2 E-07 3.9 E-07

Xe-133m 4.8 E-07 6.1 E-07 2.7 E-07 3.4 E-07

Xe-135 3.5 E-06 4.5 E-06 2.0 E-06 2.5 E-06

Xe-135m 2.2 E-07 4.7 E-07 1.5 E-07 3.2 E-07

Xe-137 - 0.0 2.6 E-10 0.0 1.9 E-10
Xe-138 5.0 E-07 1. 1 E-06 3.5 E-07 7.6 E-07

Cs-134 1.OE-01 4.7 E-02 6.8 E-02 6.1 E-02

Cs-134m 9.8 E-07 1.3 E-06 6.5 E-07 8.8 E-07

Cs-135 4.4 E-03 3.2 E-04 3.0 E-03 2.6 E-04

Cs-136 3.7 E-03 1.4 E-03 2.5 E-03 1.7 E-03

Cs-137 2.7E-02 2.0 E-03 1.8 E-02 1.6 E-03

Cs-137+Dd 2.4 E-01 2.7 B-01 1.6 E-01 1.8 E-01
Cs-138 6.4 E-06 1.0 E-05 4.6 E-06 7.5 E-06

Cs-139 2.4 E-08 6.8 E-08 1.9 E-08 5.4 E-8

Ba-133 7.5 E-02 4.8 E-02 5.1 E-02 6.3 E-02

Ba-133m 3.1 E-05 2.3 E-05 2.1 E-5 1.7 E-05
Ba-137mn 0.0 0.0 0.0 0.0

Ba-139 2.2 E-06 3.1 E-06 1.5 F-06 2.1 E-06

Ba-140 LI E-03 3.3 E-04 7.2 E-04 2.2 E-04

Ba-140+Dd 2.7 E-03 2.5 E-03 1.9 F,03 1.6 E-03
Ba-141 6.6 E-07 1.3 E-06 5.0 E07 9.8 E-07
Ba-142 1.2 E-07 3.1 E-07 9.4 E-08 2.4 E-07

La-140 4.0 E-04 3.2 E-04 2.7 E-04 3.0 E-04

La-141 6.9 E-07 7.5 E-07 4.6 E-07 6.1 E-07

La-142 2.5 E-05 3.2 F-05 1.7 E-05 .2.3 E-05

Ce-141 7.5 E-04 3.7 E-04 5.1 E-04 3.1 E-04

Ce-143 1.2 E-04 1.2 E-04 7.8 E-05 8.6 E-05

Ce-144 1.2 E-02 1.1 E-02 8.1 E-03 7.0 E-03
Ce-144+Dd 1.3 E-02 1.2 E-02 8.5 E-03 7.4 E-03

Pr-143 5.9 E-04 2.4 E-04 4.0 E-04 1.5 E-04

Pr-144 1.1 E-07 2.2 E-07 7.9 E-08 1.6 B-07
Pr-144m 1.2 E-09 4.3 E-09 9.9 E-10 3.4 E-09
Nd-147 5.8 E-04 3.3 E-04 3.9 E-04 2.1 E-04

Pm-147

Pm-148

Pm-148m

Pm-149

1.1 F-03

&6 E-04

7.8 E-03

1.1 E-04

1.1 E-03
5.6 E-04

8.1 E-03

9.2 E-05

7.0 E-04
5.7 E-04

5.3 E-03

7.2 F-05

6.9 E-04

3.6 E-04

5.3 E-03

5.9 E-05

4-36



DOE/RL-2006-29

Table 4-9. 200-E Area: Offsite and Onsite MPRs CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

Pm-151 2.9 E-05 3.7 E-05 1.9 E-05 2.5 E-05
Sm-147 1.7 E+00 2.1 E+00 1.1 E+00 1.3 E+00
SM-151 7.5 E-04 8.4 E-04 4.9 E-04 5.4 E-04

Sm-153 7.7 E-05 7.2 E-05 5.1 E-05 4.6 E-05

Eu-152 2,4 E-01 3.1 EA-1 1.7 E-1 2.1 E-01
Eu-152m 1.0 E-05 1.3 E-05 6.8 E-06 8.7 E-06

Eu-154 2.0 E-1 2.5 E-01 1.3 E-01 1.7E-01
Eu-155 8.0 E-03 9.8 E-03 5.4 E-03 6.5 E-03

Eu-156 2.4 E-03 1.9 E-03 1.6 E-03 1.3 E-03

Gd-152( Pu-239) (Pu-239) (Pu-239) (Pu-239)

Tb-160 6.4 E-03 6.7 E-03 4.3 E-03 4.4 E-03

Ho-166 8.9 E-05 1.0 E-04 5.8 E-05 6.5 E-5

Ho-166m 8.0 E-1 1.0 E+00 5.4 E-01 6.8 E-0 I
Hf-181 2.5 E-03 2.3 E-03 1.7 E-03 1.5 E-03

W-181 4.5 E-04 4.3 E-04 3.1 E-04 2.9 E-04

W-185 6.0 E-04 4.3 B-O5 4.1 E-04 3.3 E-05

W-187 5.1 E-5 6.2 E-05 3.4 E-05 4.1 E-05

Re-187 1.7 E-05 2.1 F-6 1.2 E-05 1.5 E-06

Ir-192 5.5 E-03 5.8 E-03 3.7 E-03 3.9 E-03

Hg-203 3.4 E-03 1.2 E-03 2.3 E-03 8.1 E-04

TI-207C 0.0 1.0 E-10 0.0 0.0
TI-208C. 0.0 5.3 E-10 0.0 4.2 E-0
TI-209C 0.0 0.0 0.0 0.0
Pb-209 1.5 E-06 2.1 E-06 1.0 E-06 1.4 E-06

Pb-210 1.4 E+00 4.0 E-01 9.5 E-01 2.6 E-01
Pb-210+Dc 1.4 E+00 4.0 E-1 9.5 E-01 2.6 E-01

Pb-211 4.2 E-05 6.9 E-05 3.0 E-5 4.8 E-05

Pb-212 3.3 E-03 4.3 E-03 . 2.1 E-03 2.8 E-03
Pb-214 3.0 E-06 5.3 E-06 2.2 F-6 3.8 E-06

Bi-210 4.5 E-03 4.0 E-04 2.9 E-03 3.5 E-03

Bi-211 8.1 E-14 2.d.E-12 6.5 E-14 2.1 E-12

Bi-212 2.7 E-04 4.1 E4 1.8 E44 2.7 E-04

Bi-213 7.9 E-06 1.2 E-05 5.5 E-06 8.4 -06

Bi-214 2.0 E-06 4.0 E-06 1.5 E-06 2.9 E-06

Po-210 - 5.2 E-01 2.2 E-05 3.5 E-01 2.0 E-05

Po-211' 0.0 0.0 0.0 0.0
Po-212c
Po-213c
Po-214'
Po-215'
Po-216e
Po-2180
At-21 f
Rn-219

0.0

0.0

0.0

0.0

0.0

0.0

0.0

2.5 E-03

0.0

0.0

0.0

0.0

0.0
0.0

0.0

7.3 E-04

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1.7 E-03

0.0

0.0

0.0

0.0

0.0

0.0

0.0

4.7 E-04
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Table 4-9. 200-E Area: Offsite and Onsite MPRs CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

Rn-220 e 4.6 E-06 .6.0 E-06 2.9 E-06 3.9 FB46
Rn-222 6.9 E-05 8.6 E-05 3.9 E-05 4.8 E-05

Fr-221 8.8 E-09 4.9 E-08 7.2 E-09 4.0 E-08

Fr-223 4.9 E-06 9.4 E-06 3.7 E-06 6.7 F-06

Ra-223 2.4 E-01 2.3 F-01 1.6 E-01 1.5 E-01

Ra-224 8.5 E-02 9.7 E-02 5.6 E-02 6.2 F,02

Ra-225 1.5 F-01 1.2 E-01 9.8 E-02 7.5 F-02
Ra-226 4.6 E-01 2.5 E-01 3.1 E-O1 1.6 F-01
Ra-228 1.9 E-01 7.0 E-02 1.3 E-01 4.5 E-02

Ac-225 1.4 E-01 1.7 E-01 9.1 E-02 1.1 E-01
Ac-227 1.5 E+01 1.8 E+01 9.5 E+00 1.1 E+01
Ac-228 1.6 E-03 2.1 E-03 1.0 E-03 1.3 E-03
Th-227 2.6 E-01 3.3 E-01 1.7 F-01 2.1 E-01
Th-228 5.6 E+00 7.1 E+00 3.6 E+00 4.5 E+00
Th-229 1.6 E+01 20 E+01 1.0 E+01 1.3 E+01
Th-230 5.6 E+00 7.0 E+00 3.6 E+00 4.5 E+00
Th-231 2.4 E-05 2.8 E-05 1.6 E-05 1.8 F-05

Th-232 8.0 E+00 1.0 E+01 5.2 E+00 64E+00
Th-2 3 2+Dd 9.2 E+00 1.2 E+01 6.0 E+00 7.5 E+00

Th-234 2.4 E-03 1.0 E-03 1.6 E-03 6.6 E-04

Pa-231 1.2 E+01 1.4 E+01 7.5 E+00 8.6 E+00
Pa-233 1.0 E-03 5.2 F,04 7.0 E-04 5.0 -04

Pa-234 6.9 E-05 7.3 E-05 4.6 E-05 6.0 E-05

Pa-234m0  0.0 0.0 0.0 0.0
U-232 1.1 E+01 1.3 E+01 7.2 E+00 8.5 E+00
U-233 3.1 E+00 3.7 E+00 2.0 E+00 2.4 E+00
U-234 3.1 3+00 3.7 E+00 2.0 E+00 2.3 E+00
U-235 3.0 E+00 3.5 E+00 1.9 E+00 2.2 E+00

U-236 2.9 E+00 3.5 E+00 1.9 E+00 2.2 E+00
U-237 3.1 F-04 1.5 E-04 2.1 E-04 1.2 E-04

U-238 2.8 E+00 3.3 E+00 1.8 E+00 2.1 E+00

U-240 5.1 E-05 6.5 E-05 3.3 E-05 4.2 E-05

Np-237 1.2 E+01 1.4 E+01 7.5 E+00 8.7 E+00
Np-238 7.9 E-04 9.3 E-04 5.2 E-04 6.2 E-04

Np-239 1.2 E-04 9.4 E-05 8.0 E-05 7.2 E-05

Np-240 8.0 E-06 1.1 E-05 5.5 E-06 8.0 E-06

Np-240m 8.2 E-09 2.8 E-08 6.6 E-09 2.2 E-08
Pu-236 2.0 E+00 2.5 E+00 1.3 E+00 1.6 E+00
Pu-238 7.6 E+00 8.9 E+00 5.0 E+00 5.6 E+00
Pu-239 8.2E+00 9.5 E+00 5.4 E+00 6.1 E+00
Pu-240 8.2 E+00 9.5 E+00 5.3 E+00 6.1 E+00
Pu-241 1.3E-O 1.5E-01 8.4E-02 9.2E-02

Pu-241+DU 1.3E-01 1.5E-01 8.4F-02 9.3E-02
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Table 4-9. 200-E Area: Offsite and Onsite MPRs CAP88-PC
Dose-per-Unit Release Factors (nrem/Ci) by Effective Release Height.

Pu-242

Pu-243

Pu-244

Am-241

Am-242

Am-242m

Am-243

Cm-242

Cm-243

7.8 E+00

4.4E-06

7.8 E+00

1.3 E+01

1.2E-03
1.2 E+01

1.3 E+01

4.AE-01
8.5 E+00

9.1 b+UUJ
5.8E-06
9.0 E+00
1.5 E+01
1.6E-03

1.5 E+01

1.5 E+01

5.0E-01

1.0 E+01

5.1 B+00

2.9E-06

5.1 E+00

8.2 E+00

7.9E-04

7.9 E+00

8.2 E+00

2.7E-01

5.5 E+00

5.8 E+00

3.8E-06

5.7 E+00

9.6 E+00

1.OE-03

9.3 E+00

9.6 E+00
3.2E-01

6.5 E+00

Cm-244 6.7 E+00 8.0 E+00 4.3-E+00 5.1 E+00

Cmi-245 1.3 E+01 1.6 B+01 8.5 E+00 1.0 E+01

Cm-246 1.3 E+01 1.6 E+01 8.4 E+00 9.9 E+00

Cm-247 1.2 E+01 1.4 E+01 7.8 E+00 9.2 E+00

Cm-248 4.7 E+01 5.7 E+01 3.1 E+01 3.6 E+01

Cf-252 3.5 E+00 4.3 E+00 2.3 E+00 2.8 E+00

b Worker assumed to work the maximum possible 8,766 hours in a year.
Dose factors f6r this nuclide not included in the CAP88-PC library; thus, substituting the dose factors of the
iradionuclide in parentheses is recommended.

d Factor is 1.0 E-11, or effectively zero, considering also the scarcity and short half-life of the nuclide.
"+D" indicates factors from in-grown progeny are also included.
Short-lived Rn isotopes modeled on dose from their longer-lived progeny. Yet, 1 Ci of Rn does not equal iCi
of Pb. Each Ci of Rn-219 released generates 0.0018 Ci of Pb-210, and each Ci of Rn-220, 0.0014 Ci of
Pb-212. Dose based on Pb progeny multiplied by appropriate equilibrium factor (HNF-3602 1999).
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Table 4-10. 200-W Area: Offsite and Onsite MPRs CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

H-3 1 2.5 E-05 1. 1 E-05 1.4 E-05 5.6 E-06
Be-7 1.5 E-04 2.5 E-04 1.2 E-04 1.7 E-04

Be-1 (Sr-90) (Sr-90) (Sr-90) (Sr-90)

C-11 3.8 E-07 7.0 E-07 3.4 E-07 5.4 E-07
C-14 2.0 E-03 3.0 E-04 1.1 E-03 1.7 E-04

C-15C 0.0 0.0 0.0 0.0
N-13 3.6 E-08 8.9 E-08 3.2 E48 6.7 E-08

o-15 0.0 0.0 0.0 0.0
F-18 4.8 E-06 9.8 E-06 4.0 E-06 7.1 E-06

Na-22 1.0 F-01 1.6 E-01 7.7 E-02 1.1 E-01

Na-24 1.5 E44 2.8 E-04 1.2 E-04 1.9 E-04

P-32 2.3 E-03 3.2 E-04 1.7 E-03 2.5 FE4

S-35 3.2 F-04 3.5 E-05 2.5 E-04 3.1 F-05
Ar-41 6.3 E-06 1.3 E-05 4.1 E-06 7.2 E-06
K-40 9.6 E-02 1.0 E-01 7.4 E-02 6.9 E-02
Ca-41 8.0 E-06 1.5 E-05 6.1 E-06 1.0 E-05
Sc-46 9.4 E-03 1.5 F42 7.3 E-03 1.0 E-02

Cr-51 6.8 E-05 9.4 E-05 5.3 E-05 6.4 F-O5
Mn-54 1.3 E-02 2.3 E-02 9.9 3-03 1.6 E-02

Mn-56 1.5 E-05 3.0 E-05 1.2 E-05 2.1 B-O5
Fe-55 1.8 E-04 6.8 E-05 1.4 E-04 4.8 E-05

Fe-59 3.7 E-03 4.7 E-03 2.8 E43 3.3 E-03

Co-57 2.2 E-03 3.6 E-03 1.7 E-03 2.4 E-03

Co-58 4.3 E-03 6.5 E-03 3.3 E-03 4.4 E-03

Co-60 1.9 E-01 3.4 E-01 1.5 F-01 2.3 E-01
Ni-59 2.4 E-04 3.3 E-04 1.9 E-04 2.2 E-04

Ni-63 2.0 E-04 7.8 E-05 1.6 F-04 5.3 E-O5
Ni-65 5.8 E-06 1.2 E-05 4.7 E-06 8.4 E-06

Cu-64 1.1 E-5 2.0 E05 8.1 E-06 1.4 E-S
Zn-65 1.9 E-02 1.3 E-02 1.5 E-02 9.4 E-03

Zn-69m 2.9 F-05 3.7 E-07 2.2 E-5 2.8 E-07

Zn-69 1.9 E-07 5.3 E-05 1.6 E47 3.6 E-05

Ga-67 4.7 F,05 6.6 E-05 3.6 E-05 4.5 F-05

As-76 1.0 E-04 1.8 E-04 7.6 E-05 1.2 E-04

Se-79b (Pu-241) (Pu-241) (Pu-241) (Pu-241)

Br-82 2.4 -04 4.0 E-04 1.9 E-04 2.7 E-04

Br-83 4.4 E-08 8.9 E-08 3.6 E-08 6.3 E-08
Br-84 1.7F-06 3.1 E-06 1.5E-06 2.4E-06
Br-85 0.0 0.0 0.0 0.0
Kr-83m 1.1 E-09 2.3 E-09 7.4 E-10 1.3 F-09

4-40



DOE/RL-2006-29

Table 4-10. 200-W Area: Offsite and
Dose-per-Unit Release Factors (nrem/Ci)

Onsite MPRs CAP88-PC
by Effective Release Height.

Kr-85 5.6 E48 9.8 E-08 3.0 F,08 4.8 E-08
Kr-85m 1.5 E-06 2.9 B-06 8.7 E-07 1.5 E-06
Kr-87 3.0 E-06 6.0 F-06 2.0 E-06 3.5 E-06

Kr-88 1.6 B-05 3.1 E-05 9.7 E-06 1.7 E-05

Kr-89C 0.0 1.2 E-10 0.0 0.0
Kr-90 0.0 0.0 0.0 0.0
Rb-86 2.2 E-03 5.3 E-04 1.7 E-03 3.9 E-04

R5-87 7.4 E-03 7.6 E-04 5.7 E-03 6.8 E-04

Rb-88 2.2 F-07 4.2 E-07 2.0 E-07 3.3 E-07

Rb-89 4.0 E-07 7.8 E-07 3.5 E-07 6.0 E-07

Rb-90 5.4 E-13 9.9 E-12 4.8 E- 3 7.4 E-12

Rb-90m 4.5 E-10 - 2.8 E-09 3.9 E-10 21 B-09

Sr-89 1.3 E-03 2.4 E-04 1.0 E-03 1.7 E-04

Sr-90 8.8 E-02 1.1 E-02 6.8 E-02 &7 E-03

Sr-90+D 8.8 E-02 1.1 E-02 6.8 E-02 8.7 E-03

Sr-91 3.0 E-05 5.7 B-05 2.3 E-5 3.8 E-05

Sr-92 1.4 E-05 2.8 E-05 1.1 E-05 1.9 E-05

Y-90 2.6 E-04 2.9 E-04 2.0 E-04 1.9 E-04

Y-90m 5.1 E-06 1.0 E-05 4.1 E-06 7.2 E-06
Y-91 2.0 E-03 1.6 E-03 1.5 E-03 1.0 E-03

Y-91m 9.7 E-07 1.9 E-06 8.6 E-07 1.4 E-06

Y-92 1.3 E-05 2.6 E-05 1.0 E-05 1.8 E-05

Y-93 4.0 E-05 7.6 E-05 3.0 E-5 5.0 B-05

Zr-93 9.9 E-04 1.5 E-03 7.4 E-04 9.9 E-04

Zr-95 3.0 E-03 4.7 E-03 2.3 E-03 3.2 E-03

Zr-95+Dd 5.5 F-03 9.1 E-03 4.2 E-03 6.2 E-03

Nb-93m 1.6 E-3 1.3 E-03 1.2 E-03 9.2 E-04

Nb-94 6.3 E-01 1.1 E+00 4.9 E-01 7.8 E-01
Nb-95 3.7 E-03 2.8 E-03 2.9 E-03 1.9 E-03

Nb-95m 2.3 F-04 1.1 E-04 1.8 F-04 7.6 E-05

Nb-97 2.3 E-06 4.6 E-06 2.0 E-06 3.5 E-06

Nb-97mC 0.0 0.0 0.0 0.0
Mo-93 2.2 E-03 4.0 E-03 1.7 E-03 -2.8 -03
Mo-99 1.3 E-04 1.7 E-04 1.0 E-04 1.2 E-04

Mo-99+Dd 1.5 E-04 2.1 E-04 1.1 E-04 1.4 E-04

Tc-97 4.5 E-03 4.7 E-03 3.5 E-03 3.3 E-03

Tc-99 1.8 E-02 1.8 E-03 1.4 E-02 1.7 E-03

Tc-99m 2.4 E-06 3.0 E-05 1.9 E-06 2.1 F-05

TC-101 4.5 E-08 9.1 E-08 4.0 E-08 6.9 E-08

Ru-97 5.1 E-05 8.OB-05 3.9 E-05 5.4 E-05
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Table 4-10. 200-W Area: Offsite and Onsite MPRs CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

Ru-103 J A E-03 2. 0 E403 ].I E-03 1.4 E-03

Ru-103+D d 1.4 E-03 2.0 E-03 1.1 E-43 1.4 E-03
Ru-105 1.5 E-05 3.0 E-05 1.2 F-05 2.1 F-05
Ru-106 1.2 E-02 1.5 E-02 9.1 E-03 9.9 E-03

Ru-106+Dd 1.6 E42 2.2 E42 1.2 E502 1.4 E-02
Rh-103m 2.4 1-08 4.7 E-08 2.1 E-08 3.6 E-08

Rh-105 3.6 E-05 4.5 E-05 2.8 E-05 3.0 E-05

Rh-105mC 0.0 0.0 0.0 0.0
Rh--106c 0.0 0.0 0.0 0.0
Pd-107 2.9 F-04 4.1 E-04 2.2 E-04 2.7 E-04

Pd-109 2.5 1-05 4.4 E-05 1.9 E-05 2.9 E-05

Ag-109mC 0.0 0.0 0.0 0.0
Ag-110' 0.0 0.0 0.0 0.0
Ag-110m 3.8 E-02 6.1 E-02 2.95 E-02 4.2 E-02

Ag-111 7.8 E-04 2.7 E-04 6.0 E-04 2.0 E-04

Cd-113 b (Pu-241) (Pu-241) (Pu-241) (Pu-241)

Cd-113m b (Pu-241) (Pu-241) (Pu-241) (Pu-241)

Cd-115 1.5 E-04 1.8 E-04 1.1 E-04 1.2 E-04

Cd-115m 2.8 E-03 1.5 E-03 2.1 E-03 1.0 E-03
In-113m 1.3 F-06 2.6 E-06 1.1 E-06 1.9 E-06.

In-115 4.7 F-02 3.3 E-02 3.6 E-02 2.2 E-02

In-115m 3.5 E-06 7.0 E-06 2.7 F-06 4.8 E-06

Sn-113 1.7 E-03 6.1 E-04 1.3 F-03 4.4 E-04

Sn-123 4.0 E-05 7.4 E-05 3.1 E-05 5.1 E-05

Sn-125 1.8 F-03 7.9 E-04 1.4 F-03 5.3 E-04

Sn-126 3.7 E-02 4.6 E42 2.8 E-02 3.2 E-02

Sb-124 6.7 E-03 1.0 E-02 5.2 E-03 6.9 E-03

Sb-125 2.1 E42 3.7 F-02 1.6 E-02 2.5 E-02

Sb-126 2.6 E-03 3.5 E-03 2.0 E-03 2.4 E-03

Sb-126m 5.0 E-07 9.3 E-07 4.4 E-07 7.2 F-07

Sb-127 3.6 F504 4.3 E-04 2.7 E-04 2.9 E-04

Te-125m 8.1 E-04 3.6 E44 6.2 E-04 2.5 E-04

Te-127 5.7 E-06 1.1 E-05 4.3 E-06 7.2 E-06

Te-127m 2.0 F-03 8.2 E-04 1.5 E-03 5.6 E-04

Te-129 6.1 E-07 1.2 E-06 - 5.3 E-07 9.1 E47

Te-129m 2.0 E-03 9.1 E-04 1.5 E-03 6.2 E-04

Te-131 3.4 F47 6.1 E-07 3.0 E47 4.8 E-07
Te-131m 1.8 E-04 3.1 E-04 1.3 E-04 2.1 E-04

Te-132 3.2 E104 3.2 E-04 2.4 F-04 2.1 E-04

Te-133 8.0 E-08 1.7 E-07 7.1 E48 1.3 E-07

4-42



DOE/RL-2006-29

Table 4-10. 200-W Area: Offsite and Onsite MPRs CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

Te-133m 4.4 F-06 8.5 E46 3.8 B-06 6.5 E-06
Te-134 | 1. 1 E-06 2.1 E-06 1.0 E-06 1.7 E-06
I-122 0.0 0.0 0.0 0.0
1-123 2.4 E-06 2.4 E-06 5.5 E-06 9.9 E-06

1-125 4.5 E-03 2.5 E-04 1.1 E-02 5.2 E-04

1-129 7.6 E-02 8.1 E-03 1.8 E-01 2.5 E02

I-130 2.7 B-05 2.7 E-05 6.0 E-5 1.1 E-04
1-131 2.5 E-03 2.0 E-04 5.8 E-03 5.7 E-04

1-132 3.5 E-06 3.4 E-06 6.8 E-06 1.2 E-05

1-133 2.8 FE05 1.6 E-05 6.4 E-05 6.6 E-05

I-134 9.6 E-07 8.5 E-07 1.7 E-06 2.6 E-06

1-135 8.5 E-06 8.8 E-06 1.9 E-O5 3.6 F-05
Xe-122 9.9 BF07 1.8 E-06 5.4 E-07 8.7 E-07

Xe-123 3.5 E-06 7.1 E-06 2.2 F-06 3.9 E-06

Xe-125 3.5 E-06 6.3 E-06 1.9 E-06 3.2 E-06
Xe-127 4.4 E-06 7.6 E--06 2.3 -06 3.7 E-06

Xe-131m 1.6 F-07 2.8 E07 8.5 E-08 1.41F-07
Xe-133 5.7 E-07 1.0 E-06 3.1 E-07 4.9 E-07

Xe-133m 4.9 E-07 8.6 E-07 2.6 E-07 4.2 E-07

Xe-135 3.1 E-06 5.6 E-06 1.7 E-06 3.1 F06

Xe-135m 9.5 B-08 1.9 E-07 7.0 E-08 1.2 E-07

Xe-1370  0.0 0.0 0.0 0.0
Xe-138 2.2 E47 4.5 E-07 1.6 E-07 2.8 -07

Cs-134 7.8 B-02 1.0 E-1- 6.0 E-02 7.0 E-02
Cs-134m 5.2 E-07 1.1 E-06 4.2 E-07 7.4 E-07
Cs-135 3.5 E-03 3.9 E-04 2.7 E-03 3.4 F-04

Cs-136 2.9 E-03 2.8 E-03 2.2 E-03 1.9 E-03

Cs-137 2.1 E-02 2.5 E-03 1.6 E-02 2.1 E-03
Cs-137+Dd 1.9 E-01 3.1 E-01 1.5 F-01 2.1 E-01

Cs-138 2.3 E-06 4.3 E-06 2.1 F-06 3.3 F-06

Cs-139 8.8 E-09 2.3 E-08 7.8 E-09 1.7 F-08

Ba-133 5.9 F-02 1.1 E-01 4.5 E-02 7.3 E-02

Ba-133m 2.4 E-05 3.0 E-05 1.8 E-05 2.0 F-05

Ba-137m 0.0 0.0 0.0 0.0
Ba-139 9.2 E-07 1.9 E-06 7.8 E-07 1.4 E-06

Ba-140 8.3 E-04 3.7 E-04 6.4 E-04 2.5 E-04

Ba-140+Dd 2.1 F-03 2.8 F-03 1.6 E-03 1.9 E-03
Ba-141 2.4 E-07 4.6 E-07 2.2 E-07 3.6 E-07

Ba-142 4.4 E-08 1.1 E-07 3.9 E-08 7.7 E-08

La-140 3.0 E-04 5.0 E-04 2.3 E-04 3.4 E-04
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Table 4-10. 200-W Area: Offsite and
Dose-per-Unit Release Factors (mrem/Ci)

Onsite MPRs CAP88-PC
by Effective Release Height.

La-141 4.0 Fr07 8.0 E-07 3.2 E-07 5.6 E-07

La- 142 1. 1 F-05 2.2 E-05 9.2 E--06 1.6 E-05
Ce-141 5.9 F-04 5.4 E-04 4.5 E44 3.6 E-04

Ce-143 8.8 E-05 1.5 E-04 6.7 E-05 9.7 E-05

Ce-144 9.6 E-03 1.2 E-02 7.2 E-03 8. E-03

Ce-144+Dd 1.0 E-02 1.3 E-02 7.5 E-03 8.6 E-03

Pr-143 4.6 E-04 2.7 E-04 3.5 E-04 1.8 E-O4

Pr-144 3.9 E-08 7.4 E-08 3.4 E-08 5.7 B-E8

Pr-144m 4.2 E-10 1.4 E-09 3.7 E--10 1.0 E-09

Nd-147 4.5 E-04 3.7 E-04 3.4 E-04 2.4 E-04

Pm-147 8.4 E-04 1.2 E-03 6.2 E-04 8.0 E-04

Pm-148 6.6 E-04 6.3 E-04 5.0 E-04 4.2 E-04

Pm-148m 6.1 E-03 9.0 E-03 4.7 E-03 6.1 E-03

Pm-149 .8.2 E-05 1.0 F-04 6.2 E-05 6.7 E-05

Pm-151 2.1 E-05 4.0 E-05 1.7 E-05 2.7 E-05

Sm-147 1.3 E+00 2.4 E+00 9.6 E-1 1.5 E+00
Sm-151 5.8 E-04 9.5 E-04 4.3 E-04 6.2 E-04

Sm-153 5.8 E-05 7.9 E-05 4.4 E-05 5.2 F-05

Eu-152 1.9 E-01 3.4 E-01 1.5 E-01 2.4 E-0I

Eu-152m 6.9 E-06 1.3 E-05 5.4 E-06 9.0 E-06

Eu-154 1.5 E-01 2.8 E-01 1.2 E-01 1.9 E-1

Eu-155 6.3 E-03 1.1 E-02 4.8 B-03 7.4 F-03

Eu-156 1.9 E-03 2.2 E-03 1.5 E-03 1.5 E-03

Gd-152 (Pu-239) (Pu-239) (Pu-239) (Pu-239)

Tb-160 5.0 F-03 . 7.5 E-03 3.9 E-03 5.1 E-03
Ho-166 6.6 B-05 1.1 B-04 4.9 E-05 7.2 E-05

Ho-166m 6.2 E-01 1.1 E+00 4.8 B-01 7.8 E41
Hf-181 1.9 F-03 2.5 F-03 1.5 E-03 1.7 E-03

W-181 3.6 E-04 4.8 E-04 2.7 E-04 3.3 F-4

W-185 4.7 E-04 5.1 E-05 3.6 E-04 4.3 E-05

W-187 3.8 E-05 6.6 E 5 2.9 E-05 4.5 E-05

Re-187 1.4 B-05 2A E-06 1.0 E-05 1.8 F-06

Ir-192 4.3 E-03 6.5 E-03 3.3 E-03 4.4 E-03

Hg-203 2.7 E-03 1.3 E-03 2.1 E-03 9.6 F,04
TI-207 5.3 E-12 2.8 E-11 4.6 E-12 2.1 F-Il

T1-208 8.5 E-12 1.0 E-10 7.4 E-12 7.8 E-Il
TI-209 2.2 E-14 6.6 E-13 1.9 E-14 4.9 F-13
Pb-209 8.4 E-7 1.7 E-6 6.6 E-07 1.2 F-06
Pb-210 1.1 E+00 4.6 E-01 8.4E-01- 3.1 E-01

Pb-210+D 1.1 E+00 4.6 E-01 8.4 E-01 3.1 F-1
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Table 4-10. 200-W Area: Offsite and Onsite MPRs CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

Pb-211 1.5 E-05 2.8 E-05 1.3 E-05 2.2 F-05

Pb-212 2.3 E-03 4.4 E-43 1.7 E-03 2.9 E-03

Pb-214 1. 1 E-06 2.0 E-06 | 9.6 E-07 .1.5 F0
Bi-210 3.4 E-03 6.1 E-03 2.5 E-03 4.0 E-03

Bi-211 1.0 E-14 3.4 E-13 8.8 E-15 2.5 E-13

Bi-212 1.0 E-04 2.0 E-04 9.0 F-05 1.5 E-04

Bi-213 2.9 E-06 5.6 F-06 2.6 E-06 4.3 E-06

Bi-214 7.5 E-07 1.4 E-06 6.6 E-07 1.1 E-06

Po-210 4.1 E-01 2.8 E-01 3.1 F-01 1.8 E-01

Po-211' 0.0 0.0 0.0 0.0

Po-212 0.0 0.0 0.0 0.0

Po-2130  0.0 0.0 0.0 0.0
Po-214' 0.0 0.0 0.0 0.0
Po-2150  0.0 0.0 0.0 0.0

Po-216C 0.0 0.0 0.0 0.0
Po-218 0.0 0.0 0.0 0.0

At-217 0.0 0.0 0.0 0.0

Rn-219e 2.0 E-03 8.3 E-04 1.5 E-03 5.5 E-04

Rn-2200  3.2 E-06 6.2 F-06 2.4 E-06 4.0 E-06

Rn-222 7.0 E-05 1.2 E-04 3.7 E-05 6.0 E-05

Fr-221 2.6 E-09 1.4 11-8 2.3 E-09 1.0 E-08
Fr-223 1.8 E-06 3.3 E-06 1.6 E-06 2.6 E-06

Ra-223 1.8 E-01 2.6 E-01 1.4 E-01 1.7 E-01
Ra-224 6.5 E-02 1.1 E-01 4.9 E-02 7.1 E-02

Ra-225 1.2 F-01 1.3 E-01 8.7 E-02 8.7 E-02

Ra-226 3.6 E-01 2.9 F-01 2.7 E-01 1.9 F-01

Ra-228 1.5 E-01 7.9 E-02 1.1 E-01 5.3 E-02

Ac-225 1.1 E-01 1.9 E-01 8.0 F-02 1.3 E-01
Ac-227 1.1 E+01 2.0 E+01 8.4 E+00 1.3 E+01
Ac-228 9.8 E-04 2.0 F,03 7.5 E44 1.3 E-03

Th-227 2.0 E-01 3.7 E-01 1.5 E-01 2AE-01

Th-228 4.3 E+00 8.0 E+00 3.2 E+00 5.2 E+00
Th-229 1.2 E+01 2.2 E+01 8.9 E+00 1.4 E+01

Th-230 4.3 E+00 7.9 E+00 3.2 E+00 5.1 E+00
Th-231 1.8 E-05 3.0 E-05 1.3 E-05 2.0 E-05
Th-232 6.2 E+00 1.1 E+01 4.5 E+00 7.4E+00

Th-2 3 2+Dd 7.2 E+00 1.3 E+01 5.3 E+00 8.7 E+00

Th-234 1.9 E-03 1.2 E-03 1.4 E-03 7.7 E-04

Pa-231 8.9 E+00 1.5 E+01 6.6 E+00 9.9 E+00

Pa-233 8.1 F-04 8.6 E-04 6.2 E-04 5.8 E-04
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Table 4-10. 200-W Area: Offsite and Onsite MPRs CAP88-PC
Dose-per-Unit Release Factors (nrem/Ci) by Effective Release Height.

Pa-234

Pa-234m'

U-232

U-233

U-234

U-235

U-236

U-237

U-238

U-240

4.5 E-O5

0.0

8.6 E+00

2.4 E+00

2.4 E+00

2.3 E+00

2.3 E+00

2.4 E-04

2.1 E+00

3.6 E-05

8.7 E-05

0.0

1.5 E+01

4.2 E+00

4.2 E+00

4.0 E+00

3.9 E+00

2.1 E-04

3.7 E+00

6.8 E-05

3.5 E-05

0.0

6.3 E+00

1.8 E+00

1.8 E+00

1.7 E+00

1.7 E+00

1.8 E-04

1.6 E+00

2.7 E-05

5.9 E-05

0.0

9.9 E+00
2.8 E+00

2.7 E+00

2.6 E+00

2.6 E+00
1.4 E-04

2.4 E+00

4.5 E-O5

Np-237 8.9 E+00 1.6 E+01 6.6 E+00 1.0 E+01

Np-238 6.0 E-04 1.1 B-03 4.5 E-04 7.1 E44
Np-239 9.1 E-05 1.2 E-04 6.9 E-05 8.1 E-05

Np-240 3.2 E-06 6.3 E-06 2.8 E-06 4.7 E-06

Np-240m 2.9 E-09 8.9 E-09 2.5 E-09 6.6 F-09

Pu-236 1.6 E+00 2.8 E+00 1.2 E+00 1.8 E+00

Pu-238 5.9 E+00 1.0 E+01 4.4 E+00 6.5 E+00

Pu-239 6.4 E+00 1.1 E+01 4.7 E+00 7.0 E+00

Pu-240 6.4 E+00 1.1 E+01 4.7 E+00 7.0 E+00

Pu-241 1.0 E-01 1.6 E-01 7.4 E-02 1.1 E-01

Pu-241+D 1.0 E-01 1.6 E-01 7.4 E-02 1.1 E-01

Pu-242 6.1 E+00 1.0 E+01 4.5 E+00 6.7 E+00

Pu-243 2.7 E-06. 5.4 E-06 2.1 E-06 3.6 E-06

Pu-244 6.0 E+00 1.0 E+01 4.5 E+00 6.6 B+00

Am-241 9.8 E+00 1.7 E+01 7.2 E+00 1.1 E+01

Am-242 8.6 E-04 1.7 E-03 6.5 E-04 11 E-03

Am-242m 9.4 E+00 1.7 E+01 7.0 E+00 1.1 E+01

Am-243 9.8 E+00 1.7 E+01 7.3 E+00 1.1 E+01

Cm-242 3.2 E-01 5.7 B-01 2.4 E-01 3.7 E-01

Cm-243 6.6 E+00 1.2 E+01 4.9 E+00 7.5 E+00

Cm-244 5.2 E+00 9.0 E+00 3.8 E+00 5.9 E+00

Cm-245 .O B+01 l.8 E+01 7.5 E+00 1.2 E+01

Cm-246 1.0 E+01 1.8 E+01 7.4 E+00 L1 E+01

Cm-247 9.3 E+00 1.6 E+01 6.9 E+00 1.1 E+01

Cm-248 3.7 E+O1 6.4 E+01 2.7 E+O1 4.2 ER+01
Cf-252 2.8 E+00 4.9 E+00 2.0 E+00 3.2 E+00

b Worker assumed to work the maximum possible 8,766 hours in a year.
Dose factors for this nuclide not included in the CAP88-PC library; thus, substituting the dose factors of the

C radionuclide in parentheses is recommended.

d Factor is 1.0 E-1 1, or effectively zero, considering also the scarcity and short half-life of the nuclide.

e "+D" indicates factors from in-grown progeny are also included.
Short-lived Rn isotopes modeled on dose from their longer-lived progeny. Yet, I Ci of Rn does not equal ICi
of Pb. Each Ci of Rn-219 released generates 0.0018 Ci ofPb-210, and each Ci of Rn-220, 0.0014 Ci of
Pb-212. Dose based on Pb progeny multiplied by appropriate equilibrium factor (HNF-3602 1999).
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Table 4-11. 300 Area East and West Sections: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

H-3 4.8 E-04 3.4 E-04 1.4 E-04 1.2 E-04

Be-7 4.5 E43 3.3 E-03 1.5 E-03 1.2 E-03

Be-10a (Sr-90) (Sr-90) (Sr-90) (Sr-90)

C-11 2.8 E-04 1.9 E-04 8.8 E-05 7.0 E-05

C-14 3.7 E-02 2.7 B-02 1.1 E-02 9.2 E-03

C-15b 0.0 0.0 0.0 0.0

N-13 2.2 E-04 1.4 E-04 7.1 E45 5.5 F-05

0-15 8.1 E-05 4.3 E-05 2.9 E-05 1.8 E-05

F-18 4.4 F-04 3.I E-04 1.4 E-04 1.1 E-04

Na-22 3.0 E+00 2.1 B+00 9.7 E-01 8.1 E-01

Na-24 5.5 E-03 3.9 E-03 1.7 E-03 1.4 E-03

P-32 6.7 E-02 4.8 E-02 2.2 F£02 1.8 F02

S-35 9.5 E-03 6.8 E43 3.1 E-03 2.6 E-03

Ar-41 4.0 E-04 2.8 B-04 1.2 E-04 9.8 E-5

K-40 2.9 E+00 2.1 E+00 9.3 -0-1 7.7 E-0l

Ca-41 2.4 E-04 1.7 E-04 7.7 E-05 6.4 E-05

Sc-46 2.8 E-01 2.0 E-Cl 9.1 E-02 7.6 E-02

Cr-51 2.0 E-03 1.5 E-03 6.6 E-04 5.5 E-04

Mn-54 3.8 E-01 2.7 B-1 1.2 E-01 1.0 E-01

Mn-56 1.1 B-3 7.5 E-04 3.3 E44 2.7 E-04

Fe-55 5.4 E-03 3.9 E-03 1.7 E43 1.4 F,03

Fe-59 1.1 F-01 7.9 E-02 3.5 F-02 3.0 B-02

Co-57 6.6 E-02 4.8 E-02 2.1 E-02 1.8 E-02

Co-58 1.3 B-01 9.1 E-02 4.1 E-02 3.4 E-2

Co-60 5.7 E+00 4.1 E+00 1.9 E+00 1.6 E+00

Ni-59 7.1 E-03 5.1 E-03 2.3 E-03 1.9 E-03

Ni-63 6.1 E-03 4.4 E-03 2.0 E-03 1.6 E-03

Ni-65 4.2 E-04 3.0 F-04 1.3 E-04 1.1 E-04

Cu-64 3.9 -04 2.8 F-04 1.2 E44 1.0 E-04

Zn-65 5.7 E-01 4.1 E-01 1.9 E-01 1.6 F-01

Zn-69m 1.1 F£03 7.6 F-04 3.3 E-04 2.7 E44

Zn-69 3.3 E-05 2.3 E-05 1.0 £-05 8.3 E-06

Ga-67 1.5 E-03 1.0 E-03 4.6 E-04 3.9 E-04

As-76 3.4 E-03 2.5 E43 1.0 E-03 8.8 E-04

Se-79a (Pu-241) (Pu-241) (Pu-241) (Pu-241)

Br-82 7.7 B-03 5.6 E-03 2.5 F-03 2.1 E-03

Br-83 3.2 E-06 2.3 E-06 1.0 E-06 8.4 E-07
Br-84 5.8 E-04 4.0 E-4 1.8 E-04 1.5 E-04

Br-85 7.4 E-06 4.3 E-06 2.6 F-06 1.8 E-06

Kr-83m 7.1 E-08 5.1 E-08 2.1 E-08 1.8 E-08
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Table 4-11. 300 Area East and West Sections: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

Kr-85 1.1 E-06 7.7 E-07 3.1 E-0)7 2.6 E-07
Kr-85m 5.0 E-05 3.6 E-05 1.5 E-05 1.2 E-05
Kr-87 2.6 E-04 1.9 E-04 7.8 Fr05 6.5 E-45

Kr-88 6.9 E-04 5.0 E-04 2.1 E-04 1.7 E-04

Kr-89 2.4 E-04 1.4 E44 8.1 E-05 5.6 E-05

Kr-90 6.5 E-06 1.6 E46 2.4 E-06 7.0 E-07

Rb-86 6.7 E-02 4.8 E-02 2.2 E-02 1.8 E-02

Rb-87 2.2 E-01 1.6 E-01 7.1 E-02 5.9 E-02

Rb-88 2.2 E-04 1.5 E-04 7.1 E-05 5.6 E-05

Rb-89 5.6 E-04 3.8 E-04 1.8 E-4 1.4 E-04

Rb-90 2.5 E-04 1.4 E-04 9.0 E-05 6.0 E-05

Rb-90m 5.2 E-04 3.2 E-04 1.8 E-04 1.3 E-04

Sr-89 4.0 E-02 2.9 E-02 1.3 E-02 1.1 E-02

Sr-90 2.6 E+00 1.9 E+00 8.5 E-01 7.1 E-01

Sr-90+DC 2.6 E+00 1.9 E+00 8.5 E-01 7.1 E-01

Sr-91 1.2 E-03 8.4 E44 3.6 E44 3.0 E-04

Sr-92 9.4 £44 6.7 E04 2.9 E-04 2.4 E-04

Y-90 8.3 E-03 5.9 E-03 2.6 E-03 2.2 E-03

Y-90m 3.1 E-04 2.2 E-04 9.7 E-05 8.1 £405
Y-91 6.0 E-02 4.3 E-02 1.9 E-02 1.6 E-02

Y-91m 1.9 E-04 1.3 E-44 5.9 F45 4.9 E-05

Y-92 7.5 -04 5.4 E-04 2.3 E-04 1.9 E-04

Y-93 1.6 E-03 1.1 E-03 4.7 F£04 4.0 F£4

Zr-93 3.1 E-02 2.2 E-02 9.4 E-03 7.9 E-03

Zr-95 9.1 E-02 65 E-02 2.9 E-02 2.5 E-02

Zr-95+DC 1.6 E-01 1.2 E-01 5.3 E-02 4.4 £02

Nb-93m 4.9 E-42 3.5 E42 1.5 E-02 1.3 E-02

Nb-94 1.9 E+01 1.4 E+01 6.1 E+00 5.1 E+00

Nb-95 1.1 E-41 8.0 E-02 3.6 E-02 3.0 E-02
Nb-95m 7.1 £43 5.1 E-03 2.3 E-03 1.9 E-03

Nb-97 3.1 E44 2.2 E-04 9.6 E-05 7.9 E-05
Nb-97m 2.1 E-05 8.3 E-06 7.6 E46 3.6 E-06

Mo-93 6.5 E-02 4.7 E-42 2.1 F£02 1.8 E-02

Mo-99 4.2 E-03 3.0 E-03 1.3 E-03 1.1 E-3

Mo-99+DC 4.8 E-03 3.4 E-03 1.5 E-03 1.2 E-03
Tc-97 1.3 E-01 9.6 E42 4.3 E-02 3.6 E-02

Tc-99 5.2 E-01 3.8 E-01 1.7 E-01 1.4 E41

Tc-99m 1.1 E-04 7.8 E-05 3.4 -5 2.8 E-05

Tc-101 8.0 E-05 5.3 E-05 2.6 E-05 2.0 E-5

Ru-97 1.6 E-03 1.1 E-03 5.0 £-04 4.2 E-04
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Table 4-11. 300 Area East and West Sections: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

IM OTI I M~ A : _____

Ru 103 4.3 E-02 3.1 F-02 .4E42 1.2 E-02

Ru-03+D' 4.3 E-02 3.1 E-02 1.4E-02 1.2E-02

Ru-105 7.8 E-04 5.6 E-04 2.4 E-04 2.0 E-04

Ru-106 3.7 E-01 2.7 E-01 1.1 E-01 9.6 E-02

Ru-106+D0 4.8 E-1 3.4E-01 1.5 E-01 1.2 E-01

Rh-103m 4.2 E-06 2.9 E-06 1.3 E-06 1.1 E-06

Rh-105 - 1.2 E-03 8.5 E-04 3.7 E-04 3.1 E-04

Rh-105m 4.1 E-07 1.4 E-07 1.5 E-07 5.9 E-08

Rh-106 7.4 E-07 1.7 E-07 2.8 E-07 7.6 E-08

Pd-107 8.9 E-03 6.4 E-03 2.7 E-03 2.3 E-03

Pd-109 9.2 F,04 6.6 E-04 2.8 E-04 2.3 E-04

Ag-109m 4.5 E-08 1.4 E-08 1.7 E-08 6.0 E-09

Ag-1 10 4.8 E-08 8.5 E-09 1.9 E-08 3.9 E-09

Ag-110m 1.1 E+00 8.0 E-01 3.6 E-01 3.0 E-01

Ag-111 2.4 E-02 1.7 E-02 7.6 E-03 6.3 E-03

Cd-113a (Pu-241) (Pu-241) (Pu-241) (Pu-241)

Cd-113ma (Pu-241) (Pu-241) (Pu-241) (Pu-241)

Cd-115 4.6 E-03 3.3 E-03 1.5 E-03 1.2 E-03

Cd-115m 8.3 E-02 6.0 E42 2.7 B-02 2.2 E-02

In-113m 1.3 E-04 9.0 E-05 3.9 E-05 3.2 E-5

In-115 1.4 E+00 1.0 E+00 4.5 E-01 3.7 E-01

In-115m 1.8 E-04 1.3 E-04 5.6 E-05 4.7 E-05

Sn-113 5.1 E-02 3.7 E-02 1.7 E-02 1.4 E-02

Sn-123 1.2 E-03 8.6 E-04 3.9 E-04 3.2 E-04

Sn-125 5.5 E02 4.0 E-02 1.8 E-02 1.5 E-02

Sn-126 1.1 E+00 7.9 E-01 3.5 E-01 3.0 E-01

Sb-124 2.0 E-01 1.4 E-01 6.5 E-02 5.4 E-02

Sb-125 6.1 E-01 4.4 E-01 2.0 F,01 1.6 E-01

Sb-126 7.6 E-02 5.5 E-02 2.5 E-02 2.1 E-02

Sb-126m 4.3 F-04 2.9 E-04 1.4 E-04 1.1 E-04

Sb-127 1.1 E-02 8.0 E-03 3.5 E-03 2.9 E-03

Te-125m 2.4 E-02 1.7 E-02 7.7 E-03 6.4 E-03

Te-127 2.3 E-04 1.6 E-04 6.9 E-05 5.8 E-05

Te-127m 5.9 E-02 4.3 E-02 1.9 E-02 1.6 E-02

Te-129 8.6 E5 6.0 E-05 2.6 E-05 2.2 E-C5

Te-129m 5.8 F-02 4.2 E-02 1.9 E-02 1.6 F-02

Te-131 1.7 F-04 1.2 E-04 5.3 E-05 4.3 E-05

Te-131m 5.8 E-03 4.2 E-03 1.8 E-03 1.5 E-03
Te-132 9.8 E-03 7.1 E-03 3.1 E-03 2.6 E-03

Te-133 2.1 E-04 1.4 E-04 6.9 E-05 5.4 F-05
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Table 4-11. 300 Area East and West Sections: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (nrem/Ci) by Effective Release Height.

1-122 -.0 4 5.4B-S450 -O

INI

I-123 2.0 E-03 1.3 E-03 8.7 E-04 7.1 E-04

I-125 3.3 E+00 2.1 E+00 1.5 E+00 1.2 E+00

1-129 5.63E+01 3.63E+01 2.43E+01 2.03E+01

I-130 2.2 E--02 l.4 E-02 9.6 E-03 7.8 E-03

I-131 1.83E+00 1.23E+00 8.O E-O1 6.53E-01

I-132 -4.33E-3 2.73E-03 1.93E-03 1.5SE-03

I-133 2.2 E-02 1.43-02 9.63E-3 7.8 E-03

1-134 2.1 E-03 1.3 E-43 9.13E-4 7.2 E-04

I-135 7.8 E-03 4.9 E-03 3.4 E-03 2.73E03

Xe-122 2.1 3-OS 1.5 B-OS 6.2 E-06 5.3 E-06

Xe-123 1.9 F-04 1.43E04 5.73E-5 4.73-O5

Xe-125 7.8 E-04 5.6 F-05 2.3 B4 1.9 E-05

Xe-127 8.2 E-05 5.9 E-045 2.4 E-05 2.0 -05

Xe-131m 3.0 46 2.2 E-06 8.8 E-07 7.4 407
Xe-133 1.1 E-05 7.93 E-06 3.2 E46 2.7 E-06

Xe-133m 9.6 E46 - 6.9 E06 2.8 3-06 2.4 E-06

Xe-135 7.7 E45 5.6 E-05 2.3 E-035 1.9 E3

Xe-135m 1.0 E-034 6.7 E-05 3.1 E-05 2.5 E-0S

Xe-137 2.6 E- 1.64 E-05 8.7 E-06 6.2 E-06

Xe-138 2.9 E-034 1.9 E-034 9.0 E-0 7.1 E-05

Cs-134 2.3 E+00 1.7 E+00 7.5 301 6.3 E-01
Cs-134m 3.4 E-5 2.5 E-05 1.1 E-05 8.8 E-06

Cs-135 1.0 E41 7.4 E-042 3.3 F02 2.83 E2
Cs-136 8.6 E-02 6.2 E-02 2.8 E-02 2.3 E-02

Cs-137 6.2 E-01 4.4 E01 2.4 E-01 1.7 E-01

Cs-137+DC 5.5 E+00 4.0 E+00 1.8 E+O0 1.5 3+00
Cs-138 7.9 E-04 5.4 4 2.5 E-04 2.0 E-04

Cs-139 6.7 E-05 4.3 E-05 2.2 E-06 1.7 E-05

Ba-133 1.7 E+00 1.3 3+00 5.6 341 4.7 E-01
Ba-133m 7.6 E44 5.5 E-04 2.4 E-4 2.0 E-04

Ba-137m 5.93-O 3.3 E-05 2.13-S 1.4 F-05

Ba-139 1.1 E-04 7.7 E-045 3.3 -05 2.8 E-05

Ba-140 2.5 E-02 1.8 E-02 7.9 E-03 6.6 E-03

Ba-140+D 6.3342 4.6 342 2.13 42 1.7 E-02

Ba-141 2.3 -4 1.5 F344 7.3 E-0 5.8 E-0S

Ba-142 2.0 E-04 1.34 E-04 6.4 45 5.0E5
La-140 9.7 E-03 7.0E-03 3.1 E-03 2.6 E-03
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Table 4-11. 300 Area East and West Sections: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

Ce11 1.81E-02 1.3E-42 5.61E-03 47E0

Ce-143 2.91E-03 2.1 E5-03 9.01E-04 7.515-04

Ce-144 2.9E-O1 2.1 E-01 9.0 E-02 7.6 E-02

Ce-144+DC 3.01E-01 2.21E-Cl 9.4 E5-02 7.9 E542

Pr-143 1.41E-02 1.01E-02 4.4 E-43 3.7 E-03

Pr-144 4.21E-05 2.815-05 1.31F-O5 1.01E-05

Pr-144m 1.215E05 7.41E-06 3.91E-46 2.9 Fr-06

Nd-147 1.41E-02 9.81E-03 4.31E-03 3.615-03

Pm..147 2.61E-02 1.815E02 7.81E-03 6.6 E-03

Fm-148 -2.01E-02 1.515E02 6.4 E-03 5.41E-03

Pm-148m 1.815-01 1.31E-01 5.81E-02 4.915E02

Pm-149 2.61E-03 1.91E43 8.1 E5-04 6.8 E5-04

Pm- 151 7.01E-04 5.0 1-44 2.3 E5-04 1.9 E-44

Sm-147 4.01E+01 2.9 E5+01 1.2 E5+01 1.0 E5+01

Sm-151 1.815F02 1.31E-42 5.41F-03 4.51E-43

Sm-153 1.91E43 1.31E-03 5.815-04 4.81E-04

E5u-152 5.61E+00 4.01E+00 1.81E+00 1.51E+00
Eu-152m 2.71E-44 1.9 E-04 8.61E-45 7.1 1r5-O

Eu-154 4.61E+00 3.31E+00 1.51E+00 1.21E+00
Eu-155 1.91E-41 1.31E-01 6.0 E-02 5.0 15-02

Eu-156 5.7 E-42 4.11E-42 1.81F-02 1.51E-02

aM

Gd-152W (Pu-239) (Pu-239) (Pu-239) (Pu-239)

Tb-160 1.5 E-41 1.11E-41 4.81E-42 4.01E-02

Ho-166 2.2 E-,3 1.6 E-03 6.8 E-04 5.7 E-04

Ho-166m 1.8 E+01 1.31E+01 6.0E+00 5.0 +00
Hf-18 5.7 E-02 4.1 -02 1.8 E-042 1.5 E-02
W-181 1.1 E-12 7.5E-3 3.4 E-03 2.8 E-03
W-185 1.4 E-02 1.0 E-02 4.5 E-03 3.8 E-03

W-187 1.31E-43 9.11E44 4.01E-44 3.3 E-4

R F-187 4.0 E-04 2.9 E4 1.3 E-04 1.1 E-04

Ir-192 1.3E- 9.1EE-52 4.115 E2 3.4 E-02

Hg-203 7.9 E-02 5.7 E-02 2.6 E-02 2.1 F02

TI-207 2.5 E-06 1.5 E-06 8.4 E-7 6.1 E-07

TI-208 4.4 E-4 2.6 -44 1.6 E-04 1.1 E-04

TI-209 1.91 54 1.0 E-4 6.71 -05 4.3 E-05
Pb-209 5.2 -045 3.7 -045 1.6 E-05 1.3 E-54

Pb-210 3.3 E+01 2.4 E+O1 1.1 E+01 1.0 E+01
Pb-210+D4 3.31E+01 2.41E+01 1.1 E+01 8.8 E+00

4-51



DOE/RL-2006-29

Table 4-11. 300 Area East and West Sections: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

A

"MIN"

Pb-211 4.4 B-03 3.1 E-03 1.4 E-03 1.1 E-03

Pb-212 8.9 E-02 6.4 E-02 2.7 E-02 2.2 E-02

Pb-214 4.9 E-04 3.3 E-04 1.5 E-04 1.2 E-04

Bi-210 1.1 E-01 7.8 E-02 3.3 E-02 2.7 E-02

Bi-211 1.6 E-04 8.6 E-05 5.6 E-05 3.6 E-05
Bi-212 1.7 E-02 1.2 E-02 5.1 E-03 4.2 E-03

Bi-213 6.4 E-04 4.4 E-04 2.0 E-04 1.6 E-04

Bi-214 5.8 B-04 3.9 E-04 1.9 E-04 1.5 E-04

Po-210 1.2 E+01 8.8 E+00 3.9 E+00 3.2 E+00
Po-211' 0.0 0.0 0.0 0.0

Po-212' 0.0 0.0 0.0 0.0
Po-213a 0.0 0.0 0.0 0.0
P,-214a 0.0 0.0 0.0 0.0
Po-215a 0.0 0.0 0.0 0.0
Po-216' 0.0 0.0 0.0 0.0
Po-218 1.0 E-05 5.9 E-06 3.6 E-06 2.5 E-06
At-2 17 a 0.0 0.0 0.0 0.0
Rn-219d 5.9 E-42 4.3 E-02 2.0 E-02 1.6 E-02
Rn-22 0 d 1.2 E-04 9.0 E-05 3.8 E-05 3.1 E-OS
Rn-222 1.4 B-03 9.7 E-04 4.0 E-04 3.3 E-04

Fr-221 1.1 E-03 6.9 E-04 3.8 E-04 2.8 E-04

Fr-223 1.2 E-03 8.0 E-04 3.7 E-04 3.OE-04

Ra-223 5.7 E+00 4.1 E+00 1.7 E+00 1.5 E+00
Ra-224 2.1 E+00 1.5 E+00 6.3 E--01 5.3 E-C1
Ra-225 3.5 E+00 2.5 E+00 1.1 B+00 9.1 E-1
Ra-226 1.1 E+01 7.8 E+00 3.4 E+00 2.8 E+00
Ra-228 4.4 E+00 3.2 E+00 1.4 E+00 1.2 E+00
Ac-225 3.4 E+00 2.4 E+00 1.0 E+00 &5 E-01
Ac-227 3.5 E+02 2.5 E+02 1.1 E+02 8.9 E+01
Ac-228 4.5 E-02 3.2 E-02 1.4 E-02 1.1 E-02
Th-227 6.3 E-Q+00 4.5 E+00 1.9 E+00 1.6 E+00
Th-228 1.3 E+02 9.6 E+O1 4.0 E+01 3.4 E+01
Th-229 3.7 E+02 2.7 E+02 1.1 E+02 9.4 E+01
Th-230 1.3 E+02 9.6 E+01 4.0 E+01 3.4 E+01
Th-231 6.0 1-04 4.3 E-04 1.8 E-04 1.5 E-04
Th-232 .9 E+02 1.4 E+02 5.8 E+01 4.8E+01

Th-232+De 2.2 E+02 1.6 E+02 6.7 E+01 5.6 E+01
Th-234 5.6 C-02 4.0 E-02 1.8 E-02 1.5 E-02
Pa-231 2.8 E+02 2.0 E+02 8.3 E+01 7.0 E+01
Pa-233 2.4 E-02 1.8 E-02 7.8 F,03 6.5 E-03
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Table 4-11. 300 Area East and West Sections: Offsite MPR CAP88-PC
Dose-per-Unit Release Factors. (mrem/Ci) by Effective Release Height.

Pa-234

Pa-234m

U-232

U-233

U-234

U-235

U-236

U-237

U-238

U-240

2.0 E-03

6.8 -07

2.7 E+02

7.5 E+01

7.4 E+01

7.1 E+01

7.0 E+01

7.2 E-03

6.6 E+01

1.4 E-03

1.4 E-03

3.0 E-07

1.9 E+02

5.4 E+01

5.3 E+01

5.1 E+01

5.0 E+01

5.2 E-03

4.7 E+01

9.6 E-04

6.1 E-04

2.5 E-07

8.0 E+01

2.3 E+0I

2.2 E+01

2.1 E+01

2.1 E+01

2.3 E-03

2.0 E+01

4.1 E-04

5.1 E-04

1.3 E-07

6.7 E+01

1.9 E+01
1.9 E+01

.1.8 E+01

1.8 E+01

1.9 E-03

1.7 E+01

3.4 E-04

Np-237 2.8 E+02 2.0 E+02 8.3 E+01 7.0 E+01
Np-238 1.9 F-02 1.4 E-02 5.9 E-03 4.9 E-03

Np-239 2.9 E-03 2.1 E-03 9.1 E-04 7.6 E-04

Np-240 4.7 E-04 3.3 E-04 1.5 E-04 1.2 E-04

Np-240m 6.8 E-05 4.3 E-05 2.3 E-05 1.7 E-05

Pu-236 4.8 E+01 3.5 B+01 1.5 E+01 1.2 E+01

Pu-238 1.8 E+02 1.3 E+02 5.5 E+01 4.6 E+0 I

Pu-239 2.0 E+02 1.4 E+02 6.0 E+01 5.0 E401

Pu-240 2.0 E+02 1.4 E+02 6.0 E+01 5.0 E+01

Pu-241 3.1 E+00 2.2 E+00 9.4 E-01 7.9 E-01

Pu-241+Dc 3.1 E+00 2.2 F.,+00 9.4 E-01 7.9 E-01

Pu-242 1.9 E+02 1 4 E+02 5.7 E+01 4.8 E+01

Pu-243 1.4 E-04 9.6 E-05 4.1 E-05 3.4 E-05

Pu-244 1.9 E+02 1.3 E+02 5.6 E+01 4.7 E+01

Am-241 3.0 E+02 2.2 E+02 9.2 E+01 7.7 E+01

Am-242 3.2 "-02 2.3 E-02 9.5 E-03 7.9 E-03

Am-242m 2.9 E+02 2.1 6+02 8.8 E+01 7.4 E+01
Am-243 3.0 E+02 2.2 E+02 9.2 E+01 7.7 E+01

Cm-242 9.9 6+00 7.1 E+00 3.0 E+00 2.5 E+00

Cm-243 2.0 E+02 1.5 E+02 6.1 E+01 5.2 E+01
Cm-244 1.6 E+02 1.2 E+02 4.8 E+01 4.1 E+01

Crn-245 3.1 E+02 2.3 E+02 9.5 E+01 7.9 E+01

Cm-246 3.1 E+02 2.2 E+02 9.3 E+01 7.8 E+01

Cm-247 2.9 E+02 2.1 E+02 8.7 E+01 7.3 E+01

Cm-248 1.1 E+03 8.2 E+02 3.4 E+02 2.9 E+02

Cf-252 8.5 E+01 6.1 E+01 2.6 E+01 2.2 E+01

a Dose factors for this nuclide not included in the CAP88-PC library; thus, substituting the dose factors of the

b radionuclide in parentheses is recommended.
Factor is 51.0 E-11, or effectively zero, considering also the scarcity and short half-life of the
nuelide.

c "+D" indicates factors from in-grown progeny are also included.
Short-lived Rn isotopes modeled on dose from their longer-lived progeny. Yet, 1 Ci of Rn does not equal iCi
of Pb. Each Ci of Rn-219 released generates 0.0018 Ci of Pb-210, and each Ci of Rn-220, 0.0014 Ci of
Pb-212. Dose based on Pb progeny multiplied by appropriate equilibrium factor (HNF-3602 1999).
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Table 4-12. 400 Area: Offsite and Onsite MPRs CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

H-3 3.4 E-05 1.7 E-05 1.9 E-05 9.2 E-06

Be-7 2.9 E-04 7.0 E-04 1.9 E-04 4.0 E-04

Be-l0b (Sr-90) (Sr-90) (Sr-90) (Sr-90)

C-11 5.3 F-06 2.9 F-05 3.7 E-06 1.6 B-05

C-14 2.6 E-03 3.3 E-04 1.5 E-03 1.9.E-04

C-15b 0.0 0.0 0.0 0.0

N-13 1.6 E-06 1.6 E-05 1.2 E-06 9.2 E-6

0-15 1.0 E-09 3.8 E-07 7.7 E-10 2.4 E-07

F-18 2.0 E-05 6.6 E-)5 1.3 E-05 3.7 F-05

Na-22 1.9 E-01 4.6 E-01 1.3 E-1 2.6 E-I

Na-24 3.3 E-04 8.9 E-04 2.1 E-04 4.9 E-4

P-32 4.3 E-03 7.8 E44 2.8 E-03 4.7 E-04

S-35 6.0 F-C4 7.4 E-05 4.0 F,04 5.1 B-05

Ar-41 2.1 E-05 6.3 E-05 12 E-05 3.2 E-05

K-40 1.8 E-01 2.7 E-01 1.2 E-01 1.6 E-01
Ca-41 1.5 E-05 4.1 E-05 9.9 E-06 2.3 E-05
Sc-46 1.8 E-02 4.2 E-02 1.2 E-02 2.4 E-02

Cr-51 1.3 E-04 2.6 E-04 8.5 E-05 1.5 E-04
Mn-54 2.4 E-02 6.4 E-02 1.6 E-02 3.6 E-02

Mn-56 5.3 E-05 1.6 E-04 3.4 E-05 9.0 E-05

Fe-55 3.4 E-04 1.8 E-04 2.2 E-04 1.01E-04
Fe-59 6.9 E-03 1.3 E-02 4.6 E43 7.5 E-03

Co-57 4.2 E-03 9.9 E-03 2.8 E-03 5.6 E-03

Co-58 8.0 E-03 1.8 E-02 5.3 E-03 1.0 E-02

Co-60 3.6 E-01 9.5EF-01 2.4 E-01 5.4 -1

Ni-59 4.5 E-04 9.1 E-04 3.0 E-04 5.1 E-04

Ni-63 3.8 E-04 2.1 E-04 2.5 E-04 1.2E-04

Ni-65 2.1 E-05 6.6 E-05 1.4 E-05 3.6 E-05

Cu-64 2.3 E-05 6.5 E-05 1.5 FrO5 3.6 E-05

Zn-65 3.6 -02 3.6 E-02 2.4 E-02 2.1 E-02

Zn-69m 6.3 E-05 4.5 E-06 4.0 E-O5 2.5 E-06

Zn-69 - 1.2 E-06 1.7 E-04 7.9 E-07 9.3 E-05

Ga-67 9.0 E-05 1.9 E-04 5.9 E-05 1.1 E-04

As-76 2.1 E-04 5.3 E-04 1.3 E-04 2.9 E-04

Se-79 (Pu-241) (Pu-241) (Pu-241) (Pu-241)

Br-82 4.8 E-04 1.2 E-03 3.1 E-04 6.6 E44

Br-83 1.6 E-07 5.0 E-07 1.0 E-07 2.8 E-07

Br-84 1.6 E-05 7.0 E-05 1.1 E-05 3.9 E-05

Br-85 8.8 E-10 9.3 E-08 6.6 E-10 5.7 B-08

Kr-83m 3.8 E-09 1.1 E-08 2.2 -09 5.8 E-09
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Table 4-12. 400 Area: Offsite and Onsite MPRs CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

Siie\lR (n \g' )he\P sm\P

Kr-85 7.5 E-08 1.9 E-07 4.2 E-08 9.6 E-8

Kr-85m 3.1 E-06 8.4 E-06 1.8 E-46 4.3 E-06

Kr-87 1.3 E-05 4.0 E-05 7.3 E-06 2.1 E-05

Kr-88 4.0 B-05 1.2 E-04 2.3 E-05 5.9 B-05

Kr-89 5.3 E-08 3.9 E-06 3.7 B-08 2.3 E-06

Kr-90 . 0.0 0.0 0.0 0.0
Rb-86 4.2 E-03 1.4 E-03 2.8 E-03 7.9 E-04

Rb-87 1.4 E-02 1.6 E-03 9.2 E-03 1.1 E-03

Rb-88 3.7 E-06 2.2 E-O5 2.6 E-06 1.3 E-05

Rb-89 8.0 E-06 5.3 E-5 5J6 E-06 3.0 E-5
Rb-90 1.8 E-08 2.5 E-06 1.3 E-08 1.6 E-06

Rb-90m 4.0 E-07 1.5 E-05 3.0 E-07 9.0E-06
Sr-89 2.5 E-03 6.4 E-04 1.7 E-03 3.6 E-04

Sr-90 1.7 E-01 2.7 E-02 1.1 E-01 1.6 E-02
Sr-90+Dd 1.7 E-1 2.7 E-02 1.1 E-01 1.6 E-02

Sr-91 6.9 E-05 1.9 E-04 4.4 E-05 1.1 E-04

Sr-92 4.7 E-5 1.5 E-04 3.1 E-5 8.0 E-05

Y-90 5.1 E-04 8.3 E-04 3.3 E-04 4.4 E-04

Y-90m 1.6 E-)5 5.0 E-5 1.1 F-05 2.7 -05
Y-91 3.7 E-03 4.4 E-03 2.4 E-03 2.4 E-03

Y-91m 6.7 E-06 2.6 E-5 4.4 E-06 1.4 E-05
Y-92 3.9 F-05 1.2 3-04 2.5 E-05 6.5 E-05
Y-93 9.1 E-05 2.6 E-04 5.8 E-05 1.4 E-04

Zr-93 1.9 -03 4.2 E-03 1.2 E-03 2.3 E-03
Zr-95 5.7 E-03 1.3 E-02 3.8 E-03 7.3 E-03

Zr-95+Dd 1.0 E-02 2.5 E-02 6.8 E-03 1.4 E-02

Nb-93m 3.0 3-03 3.7 E-03 2.0 E43 2.0 E-03

Nb-94 1.2 E+00 3.2 E+00 7.9 E-01 1.8 E+00
Nb-95 7.0 E-03 7.5 E-03 4.7 E-03 4.3 E-03

Nb-95m 4.4 E-04 3.0 E-04 2.9 E304 1.7 E-04

Nb-97 1.3 E-05 4.4 E-05 8.3 E-06 2.5 E-05

Nb-97m 0.0 3.3 E-09 0.0 2.1 E49
Mo-93 4.1 E43 1.1 E42 2.7 E-03 6.4 E-03
Mo-99 2.6 E-04 5.0 E44 1.7 E-04 2.7 E-04

Mo-99+Dd 2.9 E-04 6.0 E-04 1.9 E-04 3.3 E-44

Tc-97 8.4 E-03 1.3 E-02 5.6 E-03 7.4 E-03
Tc-99 3.3 E-02 3.6 E-03 2.2 E-02 2.6 E-03

Tc-99m 6.2 E-06 1.1 E-04 4.0 E-06 6.3 E-05

Tc-101 1.0 E-06 7.2 E-06 7.2 E-07 4.1 E-06
Ru-97 9.8 E-05 2.3 E--04 6.4 E-05 1.3 E-04
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Table 4-12. 400 Area: Offsite and Onsite MPRs CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

Ru- 103 2.7 E-03 5.6 E-03 1.8 E-03 3.2 E-03
Ru-103+-Dd 2.7 E-43 5.6 E-43 1.8 E-43 3.2 E-03

Ru-105 4.3 E-05 1.3 E-04 2.8 E-05 6.9 E05
Ru-106 2.3 E-02 4.2 E-02 1.5 E-02 2.3 E-02

Ru-106+Dd 3.0 E-02 6.0 E-02 1.9 E-02 3.3 E-02
Rh-103m 1.5 E-07 5.7 E-07 1.0 E-07 3.1 E-07

Rh-105 7.2 E-05 1.3 E-04 4.7 E-05 7.2 B-05

Rh-105m -0.0 0.0 0.0 0.0
Rh-106C 0.0 0.0 0.0 0.0
Pd-107 5.5 E-04 1.1 E-03 3.5 E-04 6.1 E-04

Pd-109 5.4 E-05 1.4 E-04 3.4 E-05 7.7 F-05

Ag-109m' 0.0 0.0 0.0 0.0
Ag-I 10C 0.0 0.0 0.0 0.0
Ag-110m 7.1 E-02 1.7 E-1 4.7 E-02 9.6 E-02

Ag-11 1.5 E-03 7.2 E-04 9.8 E-04 4.1 E-04

Cd-113b (Pu-241) (Pu-241) (Pu-241) (Pu-241)

Cd-113mb (Pu-241) (Pu-241) (Pu-241) (Pu-241)

Cd-I 15 2.9 E-04 5.4 E-04 1.9 E-04 2.9 E-04

Cd-115m 5.3 E-03 4.2 F-03 3.4 E-03 2.3 E-03

In-113m 5.7 B-06 1.9 E-05 3.7 E-06 1.0 E-5

In-115 8.8 E-02 9.2 E-02 5.8 E-02 5.0 E-02
In- 15m 9.9 E-06 3.0 B-05 6.4 F06 1.6 F-05
Sn- 113 3.3 E-03 1.6 E-03 2.2 E-03 9.2 E-04

Sn-123 7.6 B-05 2.1 E-04 5.0 E-5 1.2 E-04
Sn-125 3.5 E-03 2.2 E-03 2.3 E-03 1.2 E-03
Sn-126 6.9 E-02 1.3 E-01 4.6 E-02 7.3 E-02
Sb-124 1.3 E-02 2.8 E-02 8.4 E-03 1.6 E42
Sb-125 3.8 E-02 1.0 E-01 2.6 E-02 5.8 E-02
Sb-126 4.8 E-03 9.8 E-03 3.2 E-03 5.5 E-03

Sb-126m 7.7 E-06 4.4 E-05 5.3 E-06 2.5 B-05

Sb-127 6.9 E-04 1.2 E-03 4.5 E-04' 6.9 E-04
Te-125m 1.5 E-03 9.9 E-04 1.0 E-03 5.5 E-04
Te-127 1.3 E-05 3.7 E-05 8.4 E-06 2.0 E-05

Te-127m 3.7 E-03 2.2 E-03 2.5 E-03 1.2 E-03
Te-129 3.4 E-06 1.2 E-O5 2.2 F-06 6.7 E-06

Te-129m 3.7 E-03 2.5 E-03 2.4 E-03 1.4 E-03
Te-131 3.9 E-06 1.9 E-05 2.7 E-06 1.1 E-05

Te-131m 3.5 E-04 9.2 E-04 2.3 E-04 5.1 E-04
Te-132 6.1 E-04 9.2 E-04 4.0 E-04 5.0 B-04
Te-133 2.3 E-06 1.8 E-5 1.6 E-06 1.0 E-05
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Table 4-12. 400 Area: Offsite and Onsite MPRs CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

Te-133m 2.8 E-)5 1.4 E-04 1.8 E-05 5.8 E-05

Te-134 8.7 E-06 3.5 E-05 5.8 E-06 2.0 E-05

1-122 9.9 E-09 9.6 E-07 1.8 E-08 1.3 E-06
1-123 2.1 E-05 1.2 E-04 4.6 E-05 1.7 E-04
1-125 3.7 E-02 3.0 E-03 7.9 E-02 4.8 E-03

1-129 6.2 E-01 2.2 E-01 1.3 E+00 3.2E-01
1-130 2.3 E-04 1.4 E-03 5.0 E-04 1.9 E-03

1-131 2.0 E-02 5.0 E-03 4.4 F-02 7.2 E-3

1-132 3.9 E-05 2.7 F-04 8.2 E-05 3.7 E-04

1-133 2.4 E-04 7.8 )-04 5.1 E-04 1.1 E-03

1-134 1.4 E-05 1.1 E-04 3.0 E-05 1.6E-04

1-135 7.9 E-05 5.1 E-04 1.7 E-04 7.0 E-04

Xe-122 1.5 E-06 3.7 E46 8.2 E-07 1.9 E-06

Xe-123 1.1 E-05 3.1 E-05 6.1 E-06 1.6 E-05

Xe-125 5.3 E-06 1.4 E-05 3.0 F-06 7.0 E-06

Xe-127 5.8 E-06 1.5 E-05 3.3 E-06 7.4 E-06

Xe-131m 2.1 E-07 5.4 E-07 1.2 E-07 2.7 E-07

Xe-133 7.8 E-07 2.0 E-06 4.4 E-07 1.0E-06

Xe-133m 6.7 E-07 1.7 E-06 3.8 E-07 8.7 E-07

Xe-135 5.1 E-06 1.4 E-05 2.9 E-06 6.9 E-06

Xe-135m 1.6 E-06 9.8 E-06 1.0 E06 5.3 E-06
Xe-137 1.4 E-O8 6.3 F-07 9.7 E-09 3.6 E-07
Xe-138 4.1 E-06 2.7 E-05 2.6 E-46 1.5 E5

Cs-134 1.5 E-01 2.8 E-1 9.7 E-02 1.6 E-01

Cs-134m 1.8 E-06 5.4 E-06 1.1 E-06 3.0 E-06
Cs-135 6.5 E-03 8.7 E-04 4.3 E-03 5.7 E-04
Cs-136 5.4 E-03 7.8 E-03 3.6 E-03 4.4 E-03

Cs-137 3.9 E-02 5.4 E-03 2.6 E-02 3.5 E-03

Cs-137+Dd 3.5 E-01 8.5 FAl 2.3 E-01 4.8 E-01
Cs-138 2.2 E-05 9.5 B-05 1.5 E-05 5.3 E-05

Cs-139 4.5 E-07 4.7 E-06 3.3 E-07 2.7 E-06

Ba-133 1.1 F-01 3.0 E-01 7.3 E-02 1.7 E-01
Ba-133m 4.7 E-O5 8.6 E-O5 3.1 E-O5 4.7 E-O5

Ba-137m 3.6 E-09 5.5 E-07 2.7 E-09 3.4 E-47

Ba-139 4.6 E-06 1.6 E-45 3.0 E-06 8.7 E-06

Ba-140 1.6 E-03 1.0 F-03 1.0 E-03 5.6 E-04
Ba-140+D d 4.0 E-03 7.7 E-03 2.7 E-03 4.3 E-3

Ba-141 3.9 E-06 2.3 E45 2.7 E-06 1.3 E-05

Ba-142 1.7 E-06 1.5 E-05 1.2 E-06 8.7 E-06

La-140 6.0 E-04 1.5 E-03 3.9 E-04 8.2 E-04
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Table 4-12. 400 Area: Offsite and Onsite MPRs CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

La- 141 1.2 E-06 3.5 E-06 7.7 E47 2.0 E-06

La- 142 5.0 E-05 1.7 E--4 3.3 E45 9.2 E-05

C-141 1.1 B-03 1.5 E-03 7.3 E-4 8.3 E-04

Ce-143 1.8 E-04 4.3 E-04 1.1 E-04 2.4 E-04

Ce-144 1.8 E-02 3.5 E-02 1.2 E-02 1.9 E-02

Ce-144+Dd 1.9 E-2 3.7 E-02 1.2 E-02 2.0 E-02

Pr-143 8.7 E-04 7.5 E-04 5.7 E-04 4.1 E-04

Pr-144 6.7 E-07 4.1 E-06 4.7 E-07 2.3 E-06

Pr-144m 4.4 E-08 6.5 E-07 3.2 E-08 3.8 E-07

Nd-147 8.5 E-04 1.O E-03 5.6 E-04 5.6 F04

Pm-147 1.6 E-03 3.4 M-3 1.0 E-03 1.9 E-03
Pm-148 1.3 E-03 1.8 E-03 8.3 E-04 9.8 E-04

Pm-148m 1.1 E-02 2.5 E-02 7.5 E-03 1.4 E-02

Pm-149 1.6 E-04 3.0 E-04 1.0 E-04 1.6 E-04

Pm-151 4.3 E45 1.2 E-04 2.8 E-05 6.7 E-5

Sm-147 2.5 E+00 6.6 E+00 1.6 E+00 3.6 E+00

Sm-151 1.1 "-03 2.7 E-03 7.0 B-04 1.4 F-03
Sm-153 1.1 E-04 2.3 E-04 7.4 E-05 1.2 E-04

Eu-152 3.6 E-01 9.6 E-01 2.4 E-01 5.5 E-01

Eu-152m 1.6 B-05 4.5 E-.5 1.0 B-05 2.5 E-05

Eu-154 2.9 E-01 7.8 E-01 1.9 E-01 4.4 EO1

Eu-155 1.2 E-02 3.1 E-02 7.7 E-03 1.7 E-02

Eu-156 3.6 F03 6.1 E-03 2.4 E-03 3.4 E-03

Gd-152h (Pu-239) (Pu-239) (Pu-239) (Pu-239)

Tb-160 9.4 E-03 2.1 E-02 6.2 E-03 1.2 E-02

Ho-166 1.4 F-04 3.3 E-04 8.6 E-05 1.8 F04

Ho-166m 1.2 E+00 3.2 E+00 7.7 E41 1.8 E+00
Hf-181 3.6 E-03 7.2 E-03 2.4 F-03 4.0 E-03

W-181 6.6 B-04 1.4 E-03 4.4 E-04 7.7 E-04

W-185 8.8 E-04 1.2 E-04 5.8 E-04 7.5 E-5

W-187 7.7 E-05 2.0 E-04 5.O E-05 1.1 E-04

Re-187 2.5 E-05 6.1 E-06 1.7 E-05 3.6 E-06

Ir-192 8.0 E-03 1.8 E-02 5.3 F-03 1.0 -02
Hg-203 5.0 E-03 3.6 E-03 3.3 E-03 2.1 E-03

TI-207 2.8 E-09 8.3 E-08 2.1 E-09 5.0 E-08

TI-208 7.4 B-08 6.4 B-06 5.6 E-08 4.0 E-06
TI-209 4.2 E-09 1.1 E-06 3.2 F-09 7.0 E-07
Pb-209 2.7 E-06 8.2 E-06 1.7 E-06 4.5 E-06

Pb-210 2.1 E+00 1.3 E+00 1.4 E+00 6.9 E-01

Pb-210+Dd 2.1 E+00 1.3 E+00 1.4 E+00 6.9 E-01
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Table 4-12. 400 Area: Offsite and Onsite MPRs CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

Pb-21 1 1.3 E--04 5.5 E-04 8.7 E-05 3.1 E-04

Pb-212 5.1 E-O3 1.5 E-02 3.3 E-03 7.9 E-03

Pb-214 1.2 E-05 5.6 E-05 8.0 E-06 3.1 E-05

Bi-210 6.6 E-03 1.7 E-02 4.2 E-03 9.3 E-03

Bi-211 2.8 E-09 8.5 E-07 2.1 E-09 5.3 E-07

Bi-212 6.3 E-04 2.3 E-03 4.1 E-04 1.3 E-03

Bi-213 2.1 E-05 8.3 E-05 1.4 E-05 4.6 B-05

Bi-214 1.1 E-05 6.1 E-05 7.6 E-06 3.4 E-O5

Po-210 7.7 E-01 7.8 E-01 5.0 E-01 4.2 E-01
Po-211' 0.0 0.0 0.0 0.0
Po-212e 0.0 0.0 0.0 0.0
Po-213 . 0.0 0.0 0.0 0.0
Po-214 0.0 0.0 0.0 0.0
Po-215' 0.0 0.0 0.0 0.0
Po-216 0.0 0.0 0.0 0.0
Po-218 1.7 E-09 1.5 E-07 1.3 E-09 9.1 E-08
At-217 . 0.0 0.0 0.0 0.0
Rn-219e 3.8 E-03 2.0 "05 2.5 B-03 1.2 E-03
Rn-2 20e 7.1 E-04 2.4 E-04 4.6 E-06 1.1 E-05

Rn-222 9.5 B-05 2.4 E-03 5.4 B-05 1.2 E-04

Fr-221 1.3 E-06 3.8 E-05 9.8 E-07 2.3 E-05

Fr-223 2.4 E-05 1.3 E-04 1.6 E-5 7.1 E-05

Ra-223 3.5 E-01 7.3 E-01 2.3 E-01 4.0 E-01

Ra-224 1.3 E-01 3.1 E-1 8.1 E-02 1.7E-01
Ra-225 2.2 E-01 3.7 E-01 1.4 E-01 2.0 E-01

Ra-226 6.7 E-01 8.1 E-01 4.4 E-01 4.4 E-01

Ra-228 2.8 E-01 2.2 E-O1 1.8 E-1 1.2 F-01

Ac-225 2.1 E-01 5.4 E-01 1.3 E-01 2.9 E-01
Ac-227 2.2 E+01 5.6 E+01 1.4 E+01 3.OE+01
Ac-228 2.5 E-03 7.4 E-03 1.6 E-03 4.0 E-03

Th-227 3.8 E-01 1.0 E+00 2.4 E-01 5.6 E-01

Th-228 8.2 E+00 2.2 E+01 5.2 E+00 1.2 E+01

Th-229 2.3 E+01 6.2 E+01 1.5 E+01 3.4 E+01

Th-230 8.2 E+00 2.2 E+01 5.2 E+00 1.2 E+01
Th-231 3.6 E-05 9.1 E-05 2.3 E-05 4.9 E-05

Th-232 1.2 E+01 3.2 E+O1 7.4 E+00 1.7 E+01
Th-232+Dd 1.4 E+01 3.7 E+01 8.7 E+00 2.0 E+01

'Th-234 3.5 E-03 3.3 E-3 2.3 E-03 1.8 E-03

Pa-231 1.7 E+01 4.3 E+01 1.1 E+01 2.3 E+01
Pa-233 1.5 E-03 2.4 E-03 1.0 E-03 1.3 E-03
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Table 4-12. 400 Area: Offsite and Onsite MPRs CAP88-PC
Dose-per-Unit Release Factors (mrem/Ci) by Effective Release Height.

Pa-234

Pa-234m c

U-232

U-233

U-234

U-235

U-236
U-237

U-238

U-240

1.1 E-04

0.0

1.6 E+01

4.6 E+00
4.5 E+00

4.3 E+00

4.3 E+00

4.5 E-04

4.1 E+00
7.9 E-05

3.2 E-04

2.8 E-10

4.2 E+01

1.2 E+01
1.2 E+01

1.1 E+01

1.1 E+01

6.0 E-04

1.0 E+01

2.2 E-04

7.2 E-05

0.0

1.0 E+01

2.9 E+00

2.9 E+00
2.8 E+00

2.7 E+00

3.0 E-04
2.6 E+00

5.0 E-05

1.8 E-04

1.7 E-i 0

2.3 B+01

6.3 E+00

6.3 E+00

6.0 H+00

5.9 E+00
3.3 E-04

5.6 E+00
1.2 E-04

Np-237 1.7 E+01 4.3 E+01 1.1 E+01 2.3 E+01

Np-238 1.2 E-03 3.1 E-03 7.5 E-04 1.7 E-03

Np-239 1.8 E-04 3.5 E-04 1.2 E-4 1.9 E-04

Np-240 1.8 E-05 6.6 E-05 1.2 E-05 3.7 E-05

Np-240m 2.7 E-07 3.9 E-06 2.0 E-07 2.3 E-06

Pu-236 3.0 E+00 7.8 E+00 1.9 E+00 4.2 E+00

Pu-238 1.1 E+01 2.8 E+01 7.1 E+00 1.5 E+01

Pu-239 1.2 E+01 3.0 E+01 7.7 E+00 1.6 E+01

Pu-240 1.2 B+01 3.0 E+01 7.7 E+00 1.6 E+01

Pu-241 1.9 E-01 4.6 E-01 1.2 E-01 2.5 E-01

Pu-241+D 1.9 E-01 4.6 E-1 1.2 E-01 2.5 E-01

Pu-242 . 1.2 E+01 2.9 E+01 7.3 E+00 1.5 E+01

Pu-243 7.4 B-06 2.2 E-05 4.7 E-06 1.2 E-05

Pu-244 1.1 E+01 2.8 E+01 7.3 E+00 1.5 E+01

Am-241 1.9 E+01 4.8 E+01 1.2 E+01 2.6 E+01

Am-242 1.9 E-03 5.2 E-03 1.2 E-03 2.8 E-03

Am-242m 1.8 E+01 4.6 E+O1 1.1 E+01 2.5 E+I
Am-243 1.9 E+01 4.8 E+01 1.2 E+01 2.6 E+01

Cm-242 6.0 E-01 1.6 E+00 3.8 E-01 8.5 E-01

Cm-243 1.3 E+01 3.2 E+01 7.9 E+00 1.7 E+01

Cm-244 9.8 E+00 2.5 E+01 6.2 E+00 1.4 E+l

Cm-245 1.9 E+01 4.9 E+01 1.2 E+01 2.7 E+01
Cm-246 1.9 E+01 4.9 E+01 1.2 E+01 2,6 E+01

Cm-247 1.8 E+01 4,5 E+01 1.1 E+01 2.5 E+01

Cm-248 7.0 E+01 1.8 E+02 4.4 E+01 9.7 E+01

Cf-252 5.2 E+00 1.4 E+01 3.3 1+00 7.3 E+00

b Worker assumed to work the maximum possible 8,766 hours in a year.
Dose factors not included in the CAP88-PC library; thus, substituting the dose factors of the radionuclides in

c parentheses is recommended.
Factor is <1.0 E-11, or effectively zero, considering also the scarcity and short half-life of the nuclide.

d "+D" indicates factors from in-grown progeny are also included.e
Short-lived Rn isotopes modeled on dose from their longer-lived progeny. Yet, 1 Ci of Rn does not equal ICi
of Pb. Each Ci of Rn-219 released generates 0.0018 Ci of Pb-210, and each Ci of Rn-220, 0.0014 Ci of
Pb-212. Dose based on Pb progeny multiplied by appropriate equilibrium factor (HNF-3602 1999).
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5.0 QUALITY ASSURANCE: PTE DETERMINATION AND PEER REVIEW

This section discusses quality assurance (QA) aspects of determining PTEs, as well as providing
an example format for documenting the recommended peer review of any PTE determination.

A PTE determination must be sufficiently detailed in its documentation to withstand not only a
thorough peer review but also an assessment by an outside inspector or auditor. Performing a
PTE determination, which includes the peer-review, should include involvement of the
equivalent of a facility design authority, a facility environmental compliance officer, and a
regulatory subject matter expert.

Hanford Site prime contractors must follow the quality assurance criteria of 10 CFR 830.120,
among which are general requirements pertinent to accurately determining PTE values. In
addition to the foundational QA requirement (see §830.121) that a DOE contractor is to have a
QA program and also a management program (see §830.122(a)) to implement QA requirements,
several other criteria of 10 CFR 830.120 apply to ensuring the accuracy of PTE determinations
(note: whereas the criteria wording may not specifically address PTEs, the principles inherent in
them apply to the accurate determination of PTEs by organizational processes that assure, or
safeguard, that accuracy):

* §830.122(b) Criterion 2 - Management/Personnel Training and Qualification.

(1) Train and qualify personnel to be capable of performing their assigned work.

* §830.122(d) Criterion 4 - Management/Documents and Records.

(1) Prepare, review, approve, issue, use, and revise documents to prescribe processes, specify
requirements, or establish design.

* §830.122(t) Criterion 6 - Performance/Design.

(1) Design items and processes using sound engineering/scientific principles and appropriate
standards.

(4) Verify and validate the adequacy of design products using individuals or groups other
than those who performed the work.

Furthermore, as applicable, DOE contractors at the Hanford Site are subject to the regulations of
WAC 246-247, Radiation Protection - Air Emissions. With respect to contractor QA programs,
the following applies from WAC 246-247-075(6): "Licensed facilities shall conduct a quality
assurance program ... [that] ... shall be compatible with applicable national standards such as
ANSI/ASME NQA-1-1988, ANSI/ASME NQA-2-1986, QA/R-2, and QA/R-5." Each
contractor is accountable for demonstrating compliance with this WAC regulation.

Peer-reviewing PTE determinations is an important QA step to ensuring that the PTE value has
been calculated in a technically sound and defensible manner.

An example of a format for documenting the peer review of a PTE determination follows. It
may be modified to suit the user's preferences. Regardless of the contractor's choice of a peer-
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review style, keep in mind that 1) the person or people performing the review need to be
qualified and 2) that their documented reviews sufficiently address the essential components of
the PTE determination - i.e., the approved PTE method used, calculational steps, radionuclide
inventory assumptions and/or measurements, and, as applicable, facility pollution abatement
equipment in use for the relevant emission source.
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POTENTIAL-TO-EMIT PEER-REVIEW CHECKLIST

Source of PTE Factors: Calculating Potential-to-Emit Radiological Releases and Doses
(DOE/RL-2006-29)

PTE Application:
Description of application (e.g., NOC or stack determination)

Yes No NA
[] [] [] -Assumptions and/or factors explicitly stated and supported, which include

approved PTE method used (or description of alternate method, if applicable),
radionuclide inventory, and, as applicable, pollution abatement equipment in
use.

[ ] [] [ ] Decontamination factors, airborne dose factors, releases fractions, and/or similar
emission reduction factors accurately used in calculations and technically
justified.

[ ] [{ {] Applicable pollution abatement equipment entirely accounted for in
calculations.

[] [1 [J Appropriate dose-per-unit-release factors and/or facility-specific calculations
were used.

[] [ ] [] Sources of data used in calculations identified.

[] [] [] Mathematical formulas accurate.

[] [ ] [ ] Hand-calculations (including spreadsheets) checked for errors.

[] [] [] Sufficient documentation is available to support all essential aspects of the PTE
determination.

[] [] Document approved by:
Name, printed

Approval
Signature: Date:
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6.0 DOSE FACTOR PEER REVIEW CHECKLIST

This section provides the peer-review documentation consistent with reconnendations in
Recommended Environmental Dose Calculation Methods and Hanford-Specific Parameters
(PNL-3777, Rev. 2).
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PEER-REVIEW CHECKLIST

Docunment Reviewed: Calculabig Potendal-to-Enik Radiologica Releases and Doses
(DOEJRL-2006-29)

Scope of Review: Use of CAP88-PC and GENII to Generate Dose-per-Unit Release factors

Yes No NA

rN V

VH [1

Vf [1 ] [

U' H LI ]

}L[

Necessary assumptions explicitly stated and supported-

Computer codes and data files identified in document.

Data used in calculations explicitly stated in document,

Data checked for consistency with original source information as applicable.

Mathematical derivations checked, including dimensional consistency of results.

Models appropriate and used within range of validity or use outside range of
established validity justified

Hand-calculations (including spreadsheets) checked for errors.

Software input correct and consistent with descriptions in the document.

Software output consistent with input and with results reported in the docunent.

Safety margins consistent with good engineering practices.

Document approved by: Kathleen Rhoads

Signature: C ka tAUC Date:
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TECHNICAL REVIEW CHECKLIST
for Radioactive and Nonradioactive Environmental Releases

Document Reviewed: Calculafing Potenfial-toEmi; Radiological Releases and Doses
(DOE/RL-2006-29)

Scope of Rqview: Use of CAP89-PC and GENII to Generate Dose-per-Unit Release Factors

YES NO* N/A

j J f [ I A detailed technical review and approval of the environmental transport and
dose calculation portion of the analysis has been performed and
documented.

(V [ ] [ ] 2 Detailed technical reviews and approvals of scenario and release
determinations have been performed and documented

[t [ 3 [ . Approved codes were used.

[' [J [J 4. Receptor locations were selected according to approved recomamendations.

[5- [ 5. All applicable environmental pathways and code options were included and
are appropriate for the calculations.

[A } 3 [ ] 6. Hanford Site data were used

4 1 [ ] 7 Model adjustinents external to the computer program werej ustifted and
perforned correctly.

[( ] [] 8. The analysis is consistent with approved recommendations.

[ 9. Supporting notes. calculations, comments, commen resolutions, or other
information is attached. (Use the "Page 1 of X" page numbering fonnat and
sign and date each added page.)

[ 10. Dose Calculations Approved.

SAll "NO" responses mrust be explained and the use of nonstandard methods justified.

Reviewer Name: Kathleen Rhoads

Revieker Signature Date

COMMENTS (add additional signed and dated pages if necessary):
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Subject RESPONSE TO HANFORD SITEWIDE ACTIONS IN NOTICE OF VIOLATION AND COMPLIANCE ORDER ON
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Record Note: The State of Washington Department of Health issued a Notice of Violation (NOV), dated
November 17, 2005, to the DOE for the 222-S Laboratory for having incorrectly calculated the
potential-to-emit (PTE) for its 296-S-21 Stack. Order No.3 of the NOV requires that DOE Contractors
assess their quality assurance programs to determine whether or not adequate processes and
organizational safeguards exists to ensure that PTE determinations are accurately done.

DOE and FHI discussed the scope of these deliverables with WDOH to make sure they met the intent of
order No. 3 of the NOV before they were prepared. The remaining orders in the NOV are site-specific
actions and are being closed by ORP.

This letter of transmittal sends the completed Contractor assessments, and a revised sitewide dose
factor document that now includes a section on quality assurances, as well as section on peer
reviewing of PTE calculations.

Submittal of this letter and its enclosures will close ESTARS Manager's Action LMSI-RLCC-ESD-2006-
0019.2, which is due to WDOH on or before Wednesday, May 17, 2006.
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