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t Thermal 
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TBD Technical Basis Document 
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1.0 EXECUTIVE SUMMARY 


S. Cohen and Associates (SC&A, Inc.) evaluated the following Technical Basis Documents 
(TBDs) documents related to historical occupational exposures at the Idaho National Laboratory 
(INL1) Site: 

• 	 ORAUT-TKBS-0007-1, Technical Basis Document for the Idaho National Engineering 
and Environmental Laboratory (INEEL) – Introduction (Rohrig 2004i) 

• 	 ORAUT-TKBS-0007-2, Technical Basis Document for the Idaho National Engineering 
and Environmental Laboratory (INEEL) – Site Description (Rohrig 2005) 

• 	 ORAUT-TKBS-0007-3, Technical Basis Document for the Idaho National Engineering 
and Environmental Laboratory (INEEL) – Occupational Medical Dose (Rohrig 2004m) 

• 	 ORAUT-TKBS-0007-4, Technical Basis Document for the Idaho National Engineering 
and Environmental Laboratory (INEEL) – Occupational Environmental Dose (Peterson 
2004) 

• 	 ORAUT-TKBS-0007-5, Technical Basis Document for the Idaho National Engineering 
and Environmental Laboratory (INEEL) – Occupational Internal Dose (Rich and Wenzel 
2004) 

• 	 ORAUT-TKBS-0007-6, Technical Basis Document for the Idaho National Engineering 
and Environmental Laboratory (INEEL) – Occupational External Dosimetry (Rohrig 
2004e) 

These six documents TBDs taken together are often referred to as the INL Site Profile.  

In addition, SC&A evaluated and made use of the following Technical Information Bulletins 
(TIBs), the general National Institute for Occupational Safety and Health (NIOSH) dose 
evaluation guidelines, and a supplemental document that relate to the INL Site Profile: 

• 	 ORAUT-OTIB-0002, Technical Information Bulletin – Maximizing Internal Dose 

Estimates for Certain DOE Complex Claims (Rollins 2004) 


• 	 ORAUT-OTIB-0006, Technical Information Bulletin – Dose Reconstruction from 

Occupationally Related Diagnostic X-Ray Projections (Kathren 2003) 


• 	 ORAUT-OTIB-0007, Technical Information Bulletin – Occupational Dose from Elevated 
Ambient Levels of External Radiation (Strom 2003) 

1The laboratory recently changed names to the Idaho National Laboratory (INL) from its previous name, 
the Idaho National Engineering and Environmental Laboratory (INEEL). Both names will be used in this report to 
refer to the same organization depending on the context.  
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• 	 ORAUT-OTIB-0009, Technical Information Bulletin in Support of INEEL Technical 
Basis Document Section 6:  Reanalysis of Hankins MTR Bonner Sphere Surveys (Rohrig 
2004h) 

• 	 ORAUT-OTIB-0023, Assignment of Missed Neutron Doses Based on Dosimeter Records 
(Merwin 2005) 

• 	 OCAS–IG-001, External Dose Reconstruction Implementation Guideline (Taulbee 2002) 

• 	 OCAS–IG-002, Internal Dose Reconstruction Implementation Guideline (Allen 2002) 

• 	 Supplement to Technical Basis Document 4 for the Idaho National Engineering and 
Environmental Laboratory: INEEL Occupational Environmental Dose (Peterson 2004s) 

The SC&A review also was informed by a number of outside documents and sources, including 
interviews with groups of former and current site personnel (summarized in Attachments 2 and 
3), review of U.S. Department of Energy (DOE) Tiger Team findings, review of Defense 
Nuclear Facilities Safety Board (DNFSB) assessments, some documents originally provided to 
NIOSH by INL staff for the development of these six TBDs, some site documents provided to 
the SC&A team by INL staff during the site interview meetings, and written and teleconference 
communications with personnel from NIOSH’s prime contractor for the dose reconstruction 
project, Oak Ridge Associated Universities (ORAU), and its subcontractors (summarized in 
Attachment 1).  The review also examined the popular (i.e., non-scholarly) history book written 
by Susan Stacy for the DOE in recognition of the 50th anniversary of the laboratory:  Proving the 
Principle – A History of the Idaho National Engineering and Environmental Laboratory 1949– 
1999 (Stacy 2000). 

The TBDs, supplementing individual claimant exposure data provided by DOE and information 
gathered in interviews with claimants, support the performance of individual dose 
reconstructions under the Energy Employees Occupational Illness Compensation Program Act of 
2000 (EEOICPA). The TBDs contain compilations and analyses of data, such as those related to 
facility operations and processes, radiological source term characterizations, chemical and 
physical forms of the radionuclides, historic workplace conditions and practices, incidents and 
accidents involving potential exposures, limits of detection of radiation monitoring methods, and 
direction for assigning internal and external doses to monitored and unmonitored workers. 

As the support contractor to the Advisory Board on Radiation and Worker Health (Advisory 
Board), SC&A has been charged with independently evaluating the approach taken in NIOSH 
site profiles to gauge their adequacy, completeness, and validity.  These evaluations will be used 
by the Advisory Board to advise the Secretary of Health and Human Services on the scientific 
validity, quality, and accuracy of dose reconstruction efforts performed by NIOSH and its 
contractors. 

The INL Site occupies 890 square miles (572,000 acres) in southeast Idaho.  It consists of nine 
primary facility areas situated on an expanse of otherwise undeveloped, high-desert terrain. 
Buildings and structures are clustered within these primary facility areas, which are typically less 
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than a few square miles in size and separated from each other by miles of mostly undeveloped 
land. The site was established in 1949 as the National Reactor Testing Station (NRTS).  The 
initial missions at INL were the development of civilian and defense nuclear reactor technologies 
and management of spent nuclear fuel.  Fifty-two reactors were built, most of them first-of-a
kind, experimental devices, including the Navy’s first prototype nuclear propulsion plant.  Of 
those 52 reactors, 3 remain in operation today. 

In 1951, INL achieved one of the most significant scientific and engineering accomplishments of 
the 20th century when the Experimental Breeder Reactor No. 1 (EBR-1) became the first facility 
to produce a usable quantity of electricity based on nuclear fission.  The EBR-1 is now a 
Registered National Historic Landmark open to the public.  During the 1970s, INL’s name was 
changed from the National Reactor Testing Station to the Idaho National Engineering Laboratory 
(INEL) to reflect its broadened mission into areas like biotechnology, energy and materials 
research, and conservation and renewable energy.  INL’s name changed again in the spring of 
1997 to the Idaho National Engineering and Environmental Laboratory (INEEL) to reflect a 
major refocus of the laboratory toward engineering applications and environmental solutions.  
On February 1, 2005, the name changed once again to its current name, the Idaho National 
Laboratory (INL). This latest change reflects a renewed mission to support the nation’s 
expanding nuclear energy initiatives (including advanced Generation IV nuclear energy systems, 
nuclear energy/hydrogen co-production technology, and advanced nuclear energy fuel cycle 
technologies) and to support the security needs of the nation’s critical infrastructure. 

INL’s historical role in the Federal nuclear complex included: 

• 	 A nuclear reactor research, development, and testing site; INL operated 52 reactors for 
such applications as electricity generation, naval reactor propulsion, aircraft propulsion, 
and space missions. 

• 	 Nuclear materials production and processing for military and civilian applications. 

• 	 Transuranic waste storage and disposal, primarily from the Rocky Flats plutonium 
foundry in Colorado. INL currently stores the nation’s largest inventory of transuranic 
wastes (about 65,000 m3 (DOE 2000)). 

• 	 Nuclear reactor fuel research, development, fabrication, and testing.  

• 	 Spent nuclear reactor fuel handling and storage from U.S. and foreign research reactors, 
commercial nuclear power plants, and naval propulsion reactors. 

• 	 Processing and fabrication of depleted uranium armor for the U.S. Army.  

• 	 Environmental restoration, waste management, decontamination, and decommissioning.  

The INL site is composed of nine individual facilities, largely isolated from one another by 
design in the interest of safety. The primary facility areas are (1) the Argonne National 
Laboratory-West, (2) the Central Facilities Area, (3) the Idaho Nuclear Technology and 
Engineering Center, (4) the Naval Reactors Facility, (5) the Waste Reduction Operations 
Complex/Power Burst Facility, (6) the Radioactive Waste Management Complex, (7) the Test 
Area North, (8) the Test Reactor Area, and (9) the Auxiliary Reactor Area.  The remainder of the 
site land is referred to as the Sitewide Area, which comprises all INL land outside the boundaries 
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of the primary facility areas.  In addition, several INL laboratories and administrative offices are 
located in the city of Idaho Falls, some 25 miles east of the INL site boundary.  The INL site was 
and remains a complex operation involved in numerous nuclear-related missions, many of them 
experimental, each of which has its own unique exposure hazards.  Occupational risks of 
exposure to ionizing radiation are generally defined by INL’s past and current missions.  These 
missions are summarized for eight of the nine primary facility areas, omitting the Naval Reactors 
Facility, which operated under separate administration: 

(1) 	 Argonne National Laboratory-West (ANL-W) was established in 1957.  The original 
mission was to test nuclear reactors and reactor safety systems, including the 
Experimental Breeder Reactor No.1 (EBR-I) and Boiling Water Reactor Experiments 
(BORAX I-V). The current mission includes stabilization, management, and storage of 
spent nuclear fuel; storage of transuranic waste; and large-scale advanced reactor 
development.  Facilities at ANL-W include EBR-II, Fuel Conditioning Facility (FCF), 
Hot Fuel Examination Facility (HFEF), Zero Power Physics Reactor (ZPPR), Transient 
Reactor Test Facility (TREAT), and Sodium Processing Facility. 

(2) 	 Central Facility Area (CFA), established in the 1940s, predating the nuclear laboratory, 
covers a large area, and includes 72 buildings.  Its original mission was to lodge U.S. 
Navy gunnery range personnel during World War II, and provide centralized support for 
the INL (1950s–present). The current mission includes treatment and disposal of non
hazardous commercial/industrial waste and support for other INL facilities 
(administrative offices, research laboratories, cafeteria, medical services, 
construction/support services, workshops, warehouses, landfills, etc.).  Facilities at CFA 
include the Hot Laundry Facility, DOE Laboratory Accreditation Procedure Irradiation 
Facility, Health Physics Instrument Laboratory, Handling and Open Storage Area, 
Remote Service Facilities, Administrative Offices and Support Area, Service Shops Area, 
Radiological and Environmental Sciences Laboratory (RESL), Fire Station and Fire 
Fighting Training Facility (FFTF), Light Laboratory, Warehousing and Storage, and INL 
Sanitary Landfill. 

(3) 	 Idaho Nuclear Technology and Engineering Center (INTEC), formerly Idaho Chemical 
Processing Plant (ICPP or CPP), was established in the early 1950s.  In this report, 
INTEC, ICPP, and CPP designations are used interchangeably.  Its original mission was 
to reprocess spent nuclear fuels by chemically separating out the reusable uranium (until 
1992) and calcine high-level waste (until 2000).  The current mission includes storage of 
low-level, mixed low-level, and high-level radioactive waste and spent nuclear fuel, and 
development of treatment methods for high-level radioactive waste. Facilities at INTEC 
include Fluorinel Dissolution Process and Fuel Storage Facility (FAST), Remote 
Analytical Laboratory, Wet and Dry Fuel Storage Facility, TMI-2 Independent Spent 
Fuel Storage Installation (ISFSI), High-Level Liquid Waste Underground Storage Tank 
Farm, New Waste Calcining Facility, and INTEC Processing Corridors.  The old, 
entombed, Waste Calcining Facility is still present.  

(4) 	 Waste Reduction Operations Complex/Power Burst Facility (WROC/PBF) was 

established in the late 1950s.  Its original mission was to perform research on small 
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power reactors, and to investigate and promote reactor safety.  The current mission 
includes storage of spent nuclear fuel, treatment and storage of mixed low-level and low-
level waste, and research to reduce hazardous and mixed waste.  This area housed the 
Special Power Excursion Reactor Tests (SPERT) reactors.  Current facilities at 
WROC/PBF include the Power Burst Facility (PBF, formerly SPERT-I), Waste 
Engineering Development Facility/WROC Lead Storage Facility (formerly SPERT-II), 
Waste Experimental Reduction Facility (WERF) (formerly SPERT-III), and Mixed 
Waste Storage Facility (formerly SPERT-IV). 

(5) 	 Radioactive Waste Management Complex (RWMC) was established in late 1952.  Its 
original mission was to provide solid, low-level radioactive waste disposal; burial of 
transuranic waste and hazardous substances, such as organic and inorganic chemicals 
(until 1970); storage of transuranic waste on pads above ground; and disposal of other 
waste in 20 pits, 58 trenches, and 21 soil vault rows (1970 to present).  The current 
mission calls for interim storage of transuranic waste and shipment of stored transuranic 
waste to WIPP for permanent disposal.  Facilities at RWMC include Subsurface Disposal 
Area (SDA), Intermediate Level Transuranic Storage Facility, Transuranic Storage Area 
(TSA), Stored Waste Examination Pilot Plant, TRUPACT Loading Station, and 
Advanced Mixed Waste Treatment Project. 

(6) 	 Test Area North (TAN) was established in 1951, originally for the Aircraft Nuclear 
Propulsion Program (ANP).  Later, its mission included investigating core material from 
the damaged Three Mile Island-II reactor, test reactors and nuclear fuel, and 
manufacturing operations.  The current mission includes inspection and storage of spent 
nuclear fuel and manufacturing depleted uranium armor for military vehicles (at the 
Specific Manufacturing Facility).  Facilities at TAN include ANP, Loss-of-Fluid Test 
Reactor (LOFT), Three Mile Island Unit 2 (TMI-2) Core Offsite Examination Program, 
Technical Support Facility, Initial Engine Test Facility (IET), Specific Manufacturing 
Capability Program (formerly Containment Test Facility), and Water Reactor Research 
Test Facility.  There are other support facilities at TAN, including Hot Shop, Warm Shop, 
Hot Cells, Storage Pool, Storage Pads, Radioactive Liquid Waste Disposal System, 
Radioactive Parts Service and Storage Area, and Radiography Facility. 

(7) 	 Test Reactor Area (TRA) was established in 1982. Its original mission was to study the 
effect of radiation on materials, fuels, and equipment using seven reactors, especially the 
Materials Test Reactor (MTR:  1952–1970), the Engineering Test Reactor (ETR:  1957– 
1982), and the Advanced Test Reactor (ATR: 1967–present). The current mission 
includes wet storage of spent nuclear fuel, operation of the ATR, research supporting the 
U.S. Navy and other customers, and production of isotopes for medicine and industry.  
Other formerly and currently operating facilities at TRA include ATR Critical Facility, 
TRA Hot Cell Facility, TRA Gamma Facility, Radiation Measurements Laboratory, 
Radiochemistry Laboratory, Safety and Tritium Applications Research Facility, Liquid 
Waste Disposal Ponds, and High-Level Liquid Waste Tanks and Transfer Facility. 
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(8) 	 Auxiliary Reactor Area (ARA), originally called the Army Reactor Experimental Area 
(AREA), was established in 1958 and ceased operations in the 1990s.  Its original 
mission was to test stationary, portable, or mobile reactors of low, medium, or high 
power. ARA is located 10 miles east of the Central Facility Area.  It began with the 
ARA-1 site, then ARA-II, -III, and -IV at half-mile intervals:  ARA-1 housed a hot cell 
facility; ARA-II was renamed the Stationary Low Power Reactor Number 1 (SL-1), 
which was shut down due to an excursion accident; ARA-III was the site for the Army 
Gas Cooled Reactor Experiment (GCRE); and ARA-IV was the site for the Mobile Low 
Power Reactor (ML-1). 

There are other, smaller facilities and experiments located elsewhere on the vast INL site.  These 
facilities include the Organic Moderated Reactor Experiment (OMRE), INL Research Center, 
Army Reentry Vehicle Facility Station, and Test Grid III.  At Test Grid III, INL housed several 
important experimental facilities, including Fuel Element Burn Tests, Fission Products Field 
Release Tests, Relative Diffusion Tests, and Experimental Cloud Exposure Study. 

It has not been possible within the time and resources available and SC&A’s scope for this 
review to examine in detail all aspects of the site profile, due to the immense complexity and 
long history of the INL facilities, and the many changes that have occurred over the decades.  
SC&A has selected only certain issues for detailed consideration and discussion, because they 
may significantly affect dose reconstruction, and, ultimately, determination of a claimant’s 
petition for compensation. 

Based upon the SC&A Standard Operating Procedure for Performing Site Profile Reviews 
(SC&A 2004a), approved by the Advisory Board on March 18, 2004, the SC&A review has 
identified a number of issues.  These issues are sorted into the following five categories:   

(1) Completeness of data sources 
(2) Technical accuracy 
(3) Adequacy of data 
(4) Consistency among site profiles 
(5) Regulatory compliance 

After the introduction and a description of the criteria and methods employed to perform the 
review, this report discusses the strengths of the TBDs, followed by a description of the major 
“issues” identified during our review.  The 35 issues were carefully assessed with respect to the 
five review criteria listed above.  Seventeen of the issues are designated as “findings,” because 
they represent what SC&A believes are deficiencies in the TBDs that need to be corrected, and 
which have the potential to substantially impact at least some dose reconstructions.2  The 
remaining issues are designated as “observations,” which represent areas that SC&A feels the 
TBDs could improve on.  

2 Several findings are combined, resulting in eleven distinct findings. 
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Issues 

Observations Findings 

These issues, and accompanying characterizations and section numbers where they are discussed 
in the report, are listed in Table 1-1. In addition, Section 1.2 summarizes the findings.  

Table 1-1: Issue Matrix for the INL Site Profile 

Descriptions (a) 
Issue 

Classification 

Objective 1: 
Completeness 

Of Data 

Objective 2: 
Technical 
Accuracy 

Objective 3: 
Adequacy of 

Data 

Objective 4: 
Site Profile 
Consistency 

Objective 5: 
Regulatory 

Compliance (b) 
Issue 1:  (5.1.1.1) Routine Airborne 
Releases Finding (5) X X X X Category 2 

Issue 2:  (5.1.1.2) Episodic Airborne 
Release Finding (6) X X X X Category 2 

Issue 3:  (5.1.1.3) Direct Gamma 
Exposures Finding (7) X X X X Category 2 

Issue 4:  (5.1.2.1) Completeness and 
Quality of INL Internal Dosimetry 
Programs Finding (8) X X X X Category 3 

Issue 5:  (5.1.2.2) High-Risk Jobs 
(Internal Exposure) Finding (9) X Category 1 

Issue 6:  (5.1.2.3) Calibration of Internal 
Dosimetry Analytical and Monitoring Observation X X 
Equipment 
Issue 7:  (5.1.2.4) Changes of Internal 
Dose Limits Observation X 

Issue 8:  (5.1.2.5) High Fired Plutonium 
and Uranium Intakes Finding (10) X Category 1 

Issue 9:  (5.1.2.6) Skin and Facial 
Contamination Observation X Category 3 

Issue 10:  (5.1.2.7) Breathing Rates Observation X 
Issue 11:  (5.1.2.8) Non-Occupational 
Worker Elimination of DU Background Finding (11) X X X Category 2 

Issue 12:  (5.1.2.9) Unmonitored 
Workers Observation X 

Issue 13: (5.1.2.10) Naval Reactor 
Facility Workers Observation X Category 2 

Issue 14:  (5.1.2.11) Plutonium 
Monitoring  Observation X X X Category 1 

Issue 15:  (5.1.3) SL-1 Accident Dose 
Reconstructions Finding (1) X X X 

Issue 16:  (5.1.4.1.1) Completeness and 
Quality of INL Beta/Gamma  Dosimetry Finding (8) X X X Category 3 
and Record Keeping Programs 

Issue 17:  (5.1.4.1.2) Penetrating and 
Non-Penetrating Doses Finding (4) X X X X Category 3 

Issue 18:  (5.1.4.1.3) Correction For 
Beta Doses Observation X X 

Issue 19:  (5.1.4.1.4) Angular 
Dependence Correction Factor for Observation X 
Gamma Dose 
Issue 20:  (5.1.4.1.5) Restating Beta Observation XDose As Gamma Dose 
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Table 1-1: Issue Matrix for the INL Site Profile 

Descriptions (a) 
Issue 

Classification 

Objective 1: 
Completeness 

Of Data 

Objective 2: 
Technical 
Accuracy 

Objective 3: 
Adequacy of 

Data 

Objective 4: 
Site Profile 
Consistency 

Objective 5: 
Regulatory 

Compliance (b) 
Issue 21:  (5.1.4.1.6) Photon Spectrum 
Split Observation X X 

Issue 22:  (5.1.4.1.7) Immersion Dose Observation X X X 

Issue 23:  (5.1.4.1.8) High-Risk Jobs 
(Beta/Gamma Exposure) Finding (9) X Category 1 

Issue 24:  (5.1.4.1.9) Extremity Dose Observation X Category 2 

Issue 25:  (5.1.4.1.10) Discrepancies 
between PIC and Film Reading Observation X 

Issue 26:  (5.1.4.1.11) Minimum 
Detection Limit Observation X X 

Issue 27:  (5.1.4.1.12) Minimum 
Reporting Level (Beta/Gamma) Finding (3) X X X Category 2 

Issue 28:  (5.1.4.2.1) Minimum 
Reporting Level (Neutron) Finding (3) X X X Category 2 

Issue 29:  (5.1.4.2.2) Failure to Properly 
Address Neutron Exposures Finding (2) X X X X Category 1 

Issue 30:  (5.1.4.2.3) Neutron 
Calibration Deficiencies Finding (2) X X X Category 3 

Issue 31:  (5.1.4.2.4) Completeness and 
Quality of INL Neutron Dosimetry and Finding (8) X X X X Category 3 
Record Keeping Programs 
Issue 32:  (5.1.4.2.5) Uncertainty 
Estimation for Neutron Doses Observation X X X 

Issue 33:  (5.1.4.2.6) Neutron Organ 
Dose Observation X 

Issue 34:  (5.1.4.2.7) High-Risk Jobs 
(Neutron Exposure) Finding (9) X Category 1 

Issue 35: (5.1.4.2.8) Multiplying 
Factors for Missed Neutron Dose Observation X X X X Category 3 

Table Notes: 
(a) Report section numbers discussing the issues are given after the issue number. 
(b) Category 1:  Least challenged by any deficiencies in available dose/monitoring data are dose reconstructions for 

which even a partial assessment (or minimized dose(s)) corresponds to a probability of causation (POC) value in 
excess of 50%, and assures compensability to the claimant. 
Category 2: The use of upper bound values is limited to those instances where the resultant maximized doses 
yield POC values below 50%, which are not compensated.  For this second category, the dose reconstructor 
needs only to ensure that all potential internal and external exposure pathways have been considered.  
Category 3: The most complex and challenging dose reconstruction represents claims where the case cannot be 
dealt with under one of the two other categories. 

An “X” in the table indicates significant shortfalls in meeting the corresponding review 
objectives for the indicated topics in the INL site profile.  These shortfalls have been discussed 
either within the text of the findings themselves, or, in many cases, in special sections that 
address one or more of these shortfalls.  The first column of the table indicates the primary place 
within the report that addresses each issue.   

There is some redundancy in the report by virtue of the standard format adopted, where a single 
item may be discussed from different perspectives in several different places.  For example, the 
SC&A site profile review procedure calls for both a “vertical” assessment for purposes of 
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evaluating specific issues of adequacy and completeness, as well as a “horizontal” assessment of 
how the profile satisfies its intended purpose and scope. 

1.1 SUMMARY OF STRENGTHS 

For the purpose of reconstructing occupationally related doses (from medical, environmental, 
internal, and external sources) based on historical operations, NIOSH compiled an enormous 
amount of data describing the radioactive materials, operations, and processes in the various 
facilities at INL.  The associated TBDs generally provide a wealth of useful information to aid 
the dose reconstructors, who have the task of determining individual claimant radiation 
exposures. 

The INL Site Description TBD (Rohrig 2005), in addition to providing an overview of the site 
history, layout, facilities, and present status, and a framework in which to consider occupational 
exposures, is very thorough and detailed. It describes the past and current operations and 
missions of 14 areas and 101 facilities and processes.  The TBD lists major radionuclides of 
concern at each facility and identifies potential sources of internal and external exposures.  This 
information is very helpful to the dose reconstructions for the claimants. 

The Occupational Medical Dose TBD is thorough and methodical.  For the purpose of estimating 
occupational medical exposure for workers at INL, NIOSH includes a table (Table 3A-1), which 
presents various organ doses resulting from chest x-ray examination for employees for the entire 
period of INL operation. This table is conveniently structured and easy to use.  The organ doses 
were also reasonably estimated using available information on site practices and medical 
equipment. 

For airborne emissions from routine facility operations, the Occupational Environmental Dose 
TBD relies heavily on two previous works: (1) Idaho National Engineering Laboratory 
Historical Data Evaluation (INELHDE, DOE 1991a); and (2) Identification and Prioritization of 
Radionuclide Releases from the Idaho National Engineering and Environmental Laboratory, 
Final Report (RAC 2002). Using data from these two reports, NIOSH developed worker 
inhalation intake values for eight INL facilities (ANL, ARA, CFA, ICPP, RWMC, SPERT, TAN, 
TRA) for nine key radionuclides (Ce-144, I-131, Pm-147, Pu-238, Pu-239/240, Ru-106, Sr-89, 
Sr-90, and Y-91) from 1952 to 2002.  These intake values are presented in Table 4-1 to Table 4-8 
of the TBD. For direct gamma exposures to environmental releases, NIOSH used facility fence-
line TLD measurement data from Environmental Monitoring Data Reports (EMDRs) between 
1972 and 1983. The environmental gamma dose values are presented for eleven facilities in 
Table 4-13. For airborne emissions from episodic events, such as criticality accidents or special 
tests, NIOSH again used data from INELHDE and developed three tables providing worker 
inhalation intake values for primary radionuclides for criticality events (Table 4-10), special tests 
(Table 4-11), and initial engine tests (Table 4-12).  These tables are helpful for dose 
reconstructions for certain claimants who worked at the INL site and, hence, were exposed to 
airborne emissions.  

A prominent component of the INL Occupational Internal Dose TBD is Table 5.7-1, which 
presents default assumptions that could be used to calculate missed dose.  Missed dose default 
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assumptions are based on upper bound operating source terms from INL facilities.  The table is 
easy and convenient for dose reconstructors to use if worker intake records are available and 
complete and exposures are not too high.  On the other hand, this table does not include all 
potential sources of missed internal doses for workers; these will be discussed in the following 
sections. The table presents recommended missed dose default assumptions for four periods of 
operations as follows: 

(1) 	 Beginning to 1960: The intake defaults are based on gross β activities in urine samples.  
A different, claimant-favorable weighting factor is applied to each of four radionuclides 
considered (Sr-90, Cs-137, Pu-238, and Ce-144). Default intake values are presented for 
personnel who worked at any of the INL facilities in this period, with an additional (in 
vivo) intake of I-131 added for personnel who worked at the TRA.  

(2) 	 1961 to 1970: The defaults are based on in-vivo (whole-body counting) measurement of 
Cs-137. A claimant-favorable weighting factor is applied to each radionuclide (Sr-90 and 
Pu-238). Default intake values are presented for personnel who worked at any of the INL 
facilities in this period, with additional intakes of Ce-144, I-131, Ag-110m, and Ta-182 
added for personnel who worked at the TRA. 

(3) 	 1971 to 1980: The defaults are based on in-vivo measurement of Cs-137.  A claimant-
favorable weighting factor is applied to each radionuclide (Sr-90 and Pu-238) for all 
facilities in this period. For those personnel who worked at the INTEC (previously ICPP) 
facility or an unknown INEL facility (e.g., NRF), an intake of Ce-144 is added.  For those 
personnel who worked at ANL-W, intakes of Pu-239 and Ce-144 are added.  For those 
personnel who worked at the TRA, an intake of I-131 is added.  For those personnel who 
worked at other areas (other than INTEC, ANL-W, TRA, and unknown facilities), intakes 
of Pu-238 and Ce-144 are added. 

(4) 	 1981 to present: The defaults are based on in-vitro bioassay measurement.  Intakes and 
weighting factors based on radionuclides associated with aluminum-clad fuel intakes are 
applied to personnel at all INL facilities except ANL-W, INTEC, and SMC in this period.  
For those who worked at ANL-W, intakes and weighting factors associated with stainless 
steel-clad fuel are used.  For those who worked at INTEC or an unknown INL facility, 
intakes and weighting factors associated with zirconium-clad fuel are used.  For those 
who worked at SMC, the DU uranium isotopic activities are used. 

Table 6B-1 pf the INL Site occupational external exposure TBD presents maximum annual 
missed dose values for gamma radiation exposures for different films (e.g., 552 Dupont film, 
558 Dupont film, 508 Dupont film) and for different TLDs (LiF, LiF in Teflon, Harshaw Two-
Chip, Panasonic Four-Chip) based on the MRL (maximum recording level) for six different time 
periods; (1) 1951–1958, (2) 1958–1966, (3) 1966–1974, (4) 1974–1975, (5) 1974–1985, and 
(6) 1986 to present. The missed dose values are given for different dosimeter exchange 
frequencies (weekly, biweekly, monthly, quarterly, and semi-annually).  For gamma dose 
reconstruction for a claimant, the equation (N x MRL/2) given in OCAS-IG-001 (Taulbee 2002) 
should be used, where N is the number of zero dose results in a claimant’s file.  There is no 
multiplying factor for gamma missed dose uncertainties. 
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For missed neutron dose, Table 6B-2 of the external exposure TBD provides maximum annual 
missed dose values for different neutron dosimeter types (NTA film and TLD) based on MRL 
for three different time periods; (1) 1951–1958, (2) 1958–1976, and (3) 1976 to present.  The 
table also shows the maximum annual missed neutron dose.  For a neutron dose reconstruction 
for a claimant, the equation (N x MRL/2) given in OCAS-IG-001 (Taulbee 2002) should again 
be used; however, here N is the number of periods (week, month, or quarter) a worker had 
missed neutron dose.  The TBD provides two multiplying factors when the MRL for NTA film is 
used in estimating the missed neutron dose.  The missed neutron dose should be multiplied by 
1.25 for most workers and by 2 for workers on the MTR experimental floor for the period before 
October 1976.  For the period after October 1976, no multiplying factor is needed.  

1.2 SUMMARY OF FINDINGS 

Table 1-1 presents a list of 35 issues that were identified during the review process.  Seventeen 
of these issues were judged potentially important enough to dose reconstruction to categorize as 
findings. Those findings are summarized below in the order according to what SC&A believes is 
their level of significance to the dose reconstructions; references are given to report sections 
where more detailed discussions may be found.  Note that 2 sets of 3 issues have been combined 
into Findings No. 8 and No. 9, and another 2 sets of 2 issues into Findings No. 2 and No. 3, 
reducing the final number of findings to 11. 

Finding 1 (Issue 15): SL-1 Accident Dose Reconstructions (Section 5.1.3) – The TBDs do 
not evaluate the potential missed internal and external doses or the associated uncertainties for 
the over 1,000 rescue and cleanup workers involved with the SL-1 accident that occurred in 
January 1961. There was a high potential for significant exposures, because the equipment used 
and the radiological control policies in place in that era were not as advanced and protective as 
those in current use. The TBDs should develop adjustment factors related to stay time, dose field 
estimates, internal dose results, external dose readings, and contamination level estimates.  
NIOSH did not evaluate potential missed neutron doses for the first responders and rescue 
workers of the accident. 

Finding 2 (Issues 29 and 30): Missed Neutron Dose (Sections 5.1.4.2.2 and 5.1.4.2.3) – The 
TBD presumes that neutron exposures at INL’s reactors are not a problem and, therefore, are 
adequately addressed. But INL had a total of 52 reactors most of which were experimental/ 
prototype in design, which typically operated with high-power densities and with minimum 
shielding and neutron moderation. It is, therefore, unjustified to presume that there are no 
missed neutron doses.  In addition, there are deficiencies associated with neutron calibrations.  
Due to the use of the PoBe source for neutron calibration, dosimeters would significantly under-
measure neutron doses from sources with lower energy spectra.  NIOSH should re-evaluate the 
entire approach in the TBD to account for potential missed neutron doses. 

Finding 3 (Issues 28 and 31): Minimum Reporting Levels (Sections 5.1.4.1.12 and 5.1.4.2.1) 
– NIOSH does not provide adequate information supporting the use of chosen detection 
threshold levels to represent the MRL values for gamma film badges and TLDs.  Most 
significantly, NIOSH’s approach for determining the MRL values for NTA emulsion film is not 
thorough and supported. For example, NIOSH uses 10 neutron readings in one data sheet from 
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March 1958 to determine the MRL values for the period between 1951 and 1957, and 6 neutron 
readings to represent all neutron measurements between 1959 and 1976.  Furthermore, the use of 
MRL/2 as the missed external dose for dose reconstruction per OCAS-IG-001 is not claimant-
favorable for claims where the probability of causation value is close to 50%.  In addition, 
NIOSH’s MRL values of 14 mrem and 20 mrem appear low and are inconsistent with generic 
values given for NTA dosimeters, as well as values cited by other DOE facilities with similar 
neutron source terms and detectors.  NIOSH should re-evaluate the MRL values used and 
provide more supportable default values. 

Finding 4 (Issue 17): Penetrating and Non-Penetrating Doses (Section 5.1.4.1.2) – The 
procedures and algorithms used in the film badge dosimetry service in the early days 
underestimated the Hp(10) dose, because the low-energy photons reaching the dosimeter were 
considered beta radiation. Surprisingly, the film service then added this beta dose (to the skin) to 
the "deep" dose; a practice that is claimant favorable.  However, the TBD also correctly requires 
the dose reconstructor to consider only the "deep dose" as Hp(10), but in doing so, the low-
energy photon contribution to Hp(10) is lost. To be claimant favorable, INL calculated the beta 
dose and the gamma dose, summed these two together, and recorded the result in the worker files 
as a whole body dose. The current dose reconstruction process is applying the gamma dose 
correctly as the effective dose. The problem is that this gamma dose is not claimant favorable, as 
the information on dose due to low-energy gammas (E < 100 keV) has been lost.  NIOSH should 
re-evaluate the missed gamma dose due to the deficiencies in the procedures and algorithms. 

Finding 5 (Issue 1): Routine Airborne Releases (Section 5.1.1.1) – For airborne emissions 
from routine facility operations, NIOSH relies heavily on two previous works:  (1) Idaho 
National Engineering Laboratory Historical Data Evaluation (INELHDE, DOE 1991a); and (2) 
Identification and Prioritization of Radionuclide Releases from the Idaho National Engineering 
and Environmental Laboratory, Final Report (RAC 2002). SC&A found that the source terms 
provided require improvement for use in determining the worker intake from airborne releases at 
different INL facilities. The data NIOSH uses do not take into account the deficiencies in the 
environmental monitoring equipment and their locations, and, in addition, NIOSH does not 
assess the uncertainties associated with the meteorological dispersion model used for the INL 
site. Most importantly, the source terms do not account for worker inhalation of resuspended 
contaminated soils and materials around the INL facilities.  

Finding 6 (Issue 2): Episodic Airborne Releases (Section 5.1.1.2) – For airborne releases 
from episodic events (such as criticality and special tests), NIOSH again relies on the two 
primary documents, INELHDE and RAC 2002, for determining onsite concentrations of 
radionuclides. In a previous study (SC&A 2003), SC&A determined that the airborne releases 
associated with several of the Initial Engine Tests of the Aircraft Nuclear Propulsion (ANP) 
Program were likely to have been underestimated by factors ranging from 2 to 7.  Also, NIOSH 
did not evaluate the uncertainties associated with the deficiencies in air monitoring equipment. 

Finding 7 (Issue 3): Direct Gamma Exposures (Section 5.1.1.3) – For direct gamma exposure 
from environmental releases, NIOSH used fence-line TLD measurement data from 
Environmental Monitoring Data Reports (EMDRs) between 1972 and 1983.  SC&A believes that 
these TLD measurements are not adequate for reconstructing direct gamma doses to personnel 
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working outdoors at and around a specific INL facility inside the fence line boundary. The 
NIOSH approach assumes all outdoor workers at a facility would receive an average direct 
gamma dose from a normalized ground concentration of radionuclides.  If the assumption were 
valid, the fence line TLD results should be multiplied by a weighting factor to account for 
uncertainties in TLD sensitivity and geometry.  NIOSH has not done that in the TBD.  However, 
NIOSH’s assumptions are not claimant favorable, because they do not take into account the most 
bounding scenarios; (1) personnel working outdoors may become immersed in the plume of 
routine or episodic releases from the facility stack, (2) personnel working outdoors may inhale 
resuspended cumulative ground radionuclide depositions or windblown contaminated soils from 
any neighboring dry ponds, and (3) the cumulative ground concentrations inside the fence line 
are generally higher than those near the fence line.  The fence-line TLDs are too far from the 
bounding source terms to represent the actual direct gamma doses received by the outdoor 
workers. Therefore, this TBD approach does not appear to be claimant favorable.  In addition, 
NIOSH should re-examine the direct gamma dose values, because some of these values 
presented in Table 4-13 of the TBD appear to be much lower than the recent INL-published 
values. 

Finding 8 (Issues 4, 16 and 31): Completeness and Quality of INL Radiological Protection, 
Personnel Dosimetry, and Record Keeping Programs (Sections 5.1.2.1, 5.1.4.1.1, and 
5.1.4.2.4) – The tone of the TBDs strongly suggests that NIOSH (i.e., the TBD authors) had full 
confidence in the radiological protection programs, the internal dosimetry programs, and the 
dosimetry record keeping systems at the INL site, in the past and at the present.  The 
identification and determination of missed internal and external dose for workers are heavily 
influenced by this assumption of confidence, but SC&A found this premise to be unsupported 
after examining several critical DOE-HQ Tiger Team and DNFSB site audit reports.  In addition, 
many site experts interviewed by SC&A indicated that there were significant deficiencies and 
inconsistencies in radiation work practices throughout the operating history of the INL facilities.  
These observations jeopardize the validity of the TBD approaches in reconstructing missed work 
internal and external doses. 

Finding 9 (Issues 5, 23 and 34): High-Risk Jobs (Sections 5.1.2.2, 5.1.4.8, and 5.1.4.2.7) – 
Site experts interviewed by SC&A classified INL as an “acute dose” site, with a significant 
number of facilities, operations, experiments, and occurrences providing the possibility of 
personnel receiving dangerous levels of radiation.  However, NIOSH did not evaluate 
comprehensively the facility and field data to identify and separate out the high-risk or high-dose 
jobs for worker internal and external exposures.  For example, the TBD does not evaluate the 
potential missed external dose (extremity, bladder, lens, or prostate) received by a pipefitter, who 
worked on a reactor vessel or process waste tank in a tight space environment where the 
dosimeter measurements would not be effective and representative due to angular dependence or 
bodily shielding. This information is essential for dose reconstructors to fill in the data gap when 
dose records in a claimant’s file are not complete. 

Finding 10 (Issue 8): High-Fired Plutonium and Uranium Intakes (Section 5.1.2.5) – The 
Occupational Internal Dose TBD did not evaluate the hazard associated with high-fired 
plutonium and uranium at the INTEC (ICPP) and RWMC facilities.  High fired Pu-238, Pu-239, 
and uranium are not easily dissolvable, nor do they readily break into very small particles.  They 
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also emit some gamma rays and neutrons.  Similar to the treatment of recycled uranium, NIOSH 
should evaluate the lung dose for intake of high-fired uranium and plutonium oxide particulates 
(alveolar deposition).   

Finding 11 (Issue 11): Non-Occupational Worker Elimination of DU Background (Section 
5.1.2.8) – The derivation of the background value of 0.16 µg/L used for subtraction from each 
urinalysis result of uranium prior to assessment of occupational internal dose for SMC radiation 
workers is not technically sound. The baseline background (population) intake value was 
determined by a study of urine samples submitted by non-radiation workers at the SMC facility.  
A better approach would be to use the urine excretion samples by non-INL people in the Idaho 
Falls areas. This approach would not create a suspected bias due to uranium intake through 
various pathways (inhalation and ingestion) by non-radiation workers while working at the SMC 
facility.  During the site expert interview, the dosimetry staff indicated that they tried to use 
residents from the Idaho Falls area, but none were willing to sign a liability waiver form.  In a 
subsequent study, the dosimetry staff used sixteen non-radiation workers from the INL CFA 
facility. In addition, this background value is much higher than the national survey data.  
NIOSH should consider this subtraction from urinalysis results as a missed internal dose. 

1.3 OPPORTUNITIES FOR IMPROVEMENT 

Not withstanding the many positive, helpful features of the TBDs in providing guidance to the 
dose reconstructors, SC&A identified a number of areas that represent potential opportunities for 
improvement.  These are summarized below: 

Incomplete Dose Records in Worker Files: NIOSH should look into the possibility of many 
missing dose records in worker files.  From interviews of retired, past, and current workers, and 
also from audit reports (DOE-HQ and DNFSB), there appear to be many incident reports, 
occurrence reports, contamination reports, and worker uptake reports that were not included in 
the worker records.  Most of these reports were kept, historically, at the INL facilities.  NIOSH 
holds the position that the dosimetry records reflect accurately all the doses workers received 
while working at INL. The suspected incompleteness of the worker records is a serious issue, 
since it may lead to significant underestimation of workers’ radiation dose.  

Use of Untrained Workers: NIOSH should look into the worker utilization practices at INL in 
the early years (from 1950s to 1980s).  From interviews of retired, past, and current workers, it 
appears that INL often sent workers, even untrained ones (e.g., secretaries, yardmen, etc.), from 
one INL facility to perform emergency or high-dose radiation work in another INL facility.  
After these workers reached their weekly or bi-weekly dose limit, in most cases 200 mrem, they 
would be sent back to their original workplace.  For example, INTEC (ICPP) is one of the 
facilities that required frequent utilization of workers from other INL facilities to augment the 
work force, due to its high contamination and high radiation level (acute dose) environment. 
Several site experts interviewed indicated that they personally had the experience of being sent to 
INTEC to be “burned” to their dose limit.  In addition, some workers interviewed indicated that 
they had experienced that the doses they received after being “burned” at the other facilities were 
frequently not recorded in their worker exposure files. 
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Angular Dependence Correction Factor for External Dosimeter:  NIOSH should provide 
angular dependence (anatomic geometry) correction factors for external gamma doses, 
particularly for low-photon energies, where the angular dependence of the sensitivity of the 
dosimeter is most pronounced.  These correction factors are used to account for, for example, the 
bias introduced by a dosimeter worn at the neck level and the higher doses received by 
tissues/organs below the waist.  

Breathing Rate: In the INL occupational environmental dose evaluation (TBD Section 4.2.1), 
NIOSH uses an at-rest breathing rate, which is not claimant favorable.3 

Plutonium Monitoring: NIOSH should provide historical information on the plutonium 
analysis methods used at the INL Site.  It is entirely possible that selective plutonium monitoring 
of workers was used at INL until 1980.  Without this information, the dose reconstructors would 
not be able to assign missed internal dose, due to plutonium intakes in the time period before 
1980. 

Dose Calculation Example: NIOSH should provide an example (or examples) in the TBD text 
of a hypothetical dose reconstruction using recorded records, missed dose assignment, and dose 
assignments when dosimeters read zero dose. 

Consistent Air Dispersion Model: NIOSH should use a consistent methodology for calculation 
of occupational dose that is appropriate for application to onsite workers.  In addition, the 
components of environmental dose should be consistent among the DOE facilities evaluated.  
For routine releases, the INL Occupational Environmental Dose TBD uses the MESODIF model, 
employing an objective regional trajectory computational scheme combined with the Gaussian 
diffusion equation for a continuous point source.  It is a forward time-marching Gaussian plume 
model in which successive, small plume elements (or puffs) are advected throughout the 
computational area.  For episodic releases, the TBD used the RSAC program primarily for 
calculating onsite meteorological dispersion parameters for the various airborne release incidents. 
RSAC provides the option to use various types of meteorological diffusion models and 
parameters applicable at INL, all of which are based on the Gaussian plume model.  In the case 
of Hanford Site and SRS, for example, a RATCHET puff model and the Gaussian model were 
used, respectively. 

Recycled Uranium and Plutonium: The dose contribution from trace radionuclides in recycled 
uranium and plutonium should be evaluated in terms of dose to particular organs of concern and 
the relative impact on internal dose reconstruction.  NIOSH should evaluate the lack of formal 
policies for considering trace radionuclides in recycled uranium and plutonium, and develop 
bounding conditions that can be applied at all applicable DOE facilities, including INTEC 
(formerly ICPP) at the INL Site. 

3 See Attachment 1, Occupational Environmental Dose, Question/Response No. 7, of this report for further 
discussion of the at-rest breathing rate assumption. 
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Beta/Gamma Dosimeter Adjustments and Uncertainties: A method to consistently account 
for laboratory, radiological, and environmental uncertainties in dosimeter readings should be 
developed and appropriately applied to recorded dosimeter results, so that it is clear what sigma 
value should be entered into Interactive RadioEpidemiological Program (IREP) Parameter 2. 

Tank Farm Worker: NIOSH should complete an evaluation of the relative hazards associated 
with work at the Tank Farms and the completeness of monitoring related to Tank Farm workers, 
including subcontractor and construction workers. 

Use of Site Expert Input: NIOSH should make a greater effort to take into account site expert 
information and to investigate worker accounts.  First-hand experience and association with the 
INL facilities enable site experts and workers to provide original perspectives and information 
concerning site practices and exposure histories that may not appear in the official records.  

Missed Dose and Off-normal Practices:  NIOSH should evaluate the significance of off-
normal practices for missed dose by analysis of film badge data and site expert interviews.  This 
is essential to determine if there were areas or periods where badges may not have been 
consistently worn when the actual dose was near the administrative control limit. 

Data Uncertainty: The statutory requirement of a claimant-favorable dose reconstruction 
process is achieved by (1) giving the benefit of doubt when there are unknowns, and (2) defining 
uncertainties for measured data and selecting the 99th percentile values of a Monte Carlo 
distribution. In the site profile TBDs, it is often found that lower percentile values are used 
instead of the 99th percentile values as default assumptions for missed dose calculations.  NIOSH 
should re-examine all the data uncertainty values used in the TBDs to ensure that this statutory 
requirement of claimant-favorable dose reconstruction is met. 
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2.0 SCOPE AND INTRODUCTION 

INL is an 890-square-mile reservation encompassing almost 572,000 acres with a 
maximum distance of about 39 miles from north to south and 36 miles from east 
to west. It is 30 to 60 miles west of Idaho Falls, Idaho.  Major site-related 
research facilities and offices are in Idaho Falls.  The site, situated on the Snake 
River Plain of southeastern Idaho at an elevation of about 5,000 ft., is above the 
Snake River Plain Aquifer. In 1949, the U.S. Atomic Energy Commission (AEC) 
established the National Reactor Testing Station (NRTS) in Idaho as a Federal 
reservation to build, test, and operate nuclear reactors.  The site utilized a variety 
of support facilities and equipment.  In 1974, the NRTS became the Idaho 
National Engineering Laboratory (INEL) and, in 1997, the Idaho National 
Engineering and Environmental Laboratory (INEEL).  On February 1, 2005, the 
site became the Idaho National Laboratory (INL) combining the research side of 
the INEEL and ANL-W and the Idaho Cleanup Project (ICP) working on closure 
of inactive portions of the site. INL is unique among U.S. Department of Energy 
(DOE) facilities in its size and complexity and diversity of it facilities and 
operations, with many independent technical areas, contractors, goals, and 
missions. (Rohrig 2005, pg. 13) 

Under the Energy Employees Occupational Illness Compensation Program Act of 2000 
(EEOICPA) and Federal regulations defined in Title 42, Part 82, Methods for Radiation Dose 
Reconstruction Under the Energy Employees Occupational Illness Compensation Program, of 
the Code of Federal Regulations (42 CFR Part 82), the Advisory Board on Radiation and Worker 
Health (Advisory Board) is mandated to conduct an independent review of the methods and 
procedures used by the National Institute for Occupational Safety and Health (NIOSH) and its 
contractors for dose reconstruction.  As a contractor to the Advisory Board, S. Cohen and 
Associates (SC&A) has been charged to support the Advisory Board in this effort by 
independently evaluating a select number of site profiles that correspond to specific facilities at 
which energy employees worked and were exposed to ionizing radiation. 

This report provides a review of the following Technical Basis Documents (TBDs) related to 
historical occupational exposures at INL and which, together, constitute the site profile: 

• 	 ORAUT-TKBS-0007-1, Technical Basis Document for the Idaho National Engineering 
and Environmental Laboratory (INEEL) – Introduction (Rohrig 2004i) 

• 	 ORAUT-TKBS-0007-2, Technical Basis Document for the Idaho National Engineering 
and Environmental Laboratory (INEEL) – Site Description (Rohrig 2005) 

• 	 ORAUT-TKBS-0007-3, Technical Basis Document for the Idaho National Engineering 
and Environmental Laboratory (INEEL) – Occupational Medical Dose (Rohrig 2004m) 

• 	 ORAUT-TKBS-0007-4, Technical Basis Document for the Idaho National Engineering 
and Environmental Laboratory (INEEL) –Occupational Environmental Dose (Peterson 
2004) 
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• 	 ORAUT-TKBS-0007-5, Technical Basis Document for the Idaho National Engineering 
and Environmental Laboratory (INEEL) – Occupational Internal Dose (Rich and Wenzel 
2004) 

• 	 ORAUT-TKBS-0007-6, Technical Basis Document for the Idaho National Engineering 
and Environmental Laboratory (INEEL) – Occupational External Dosimetry (Rohrig 
2004e) 

SC&A has critically evaluated the INL TBDs and other applicable documents in order to 
accomplish the following: 

• 	 Determine the completeness of the information gathered by NIOSH in behalf of the site 
profile, with a view to assessing the profile’s adequacy and accuracy in supporting 
individual dose reconstructions 

• 	 Assess the technical merit of the data/information 

• 	 Assess NIOSH’s use of the data in dose reconstructions 

SC&A’s review of the six TBDs focuses on the quality and completeness of the data 
characterizing the facility and its operations, and the methods prescribed by NIOSH for the use 
of these data in the dose reconstruction process.  The review was conducted in accordance with 
the objectives stated in SC&A’s Standard Operating Procedure for Performing Site Profile 
Reviews (SC&A 2004a). The criteria for evaluation include whether the TBDs provide a basis 
for scientifically supportable dose reconstruction in a manner that is adequate, complete, efficient, 
and claimant favorable.  Specifically, these criteria were viewed from the prospective of whether 
dose reconstructions based on the TBD would support robust compensation decisions. 

The review is directed at “sampling” the site profile analyses and data for validation purposes; 
the review does not provide a rigorous quality control process, whereby actual analyses and 
calculations are duplicated or verified.  The scope and depth of the review are focused on aspects 
or parameters of the site profile that would be particularly important in deriving dose 
reconstructions, bridging uncertainties, or correcting technical inaccuracies.   

The basic goal of dose reconstruction is to characterize the radiation environments to which 
workers were exposed and, supplementing the workers’ individual dose records, determine 
claimant exposures through different pathways over time.  The hierarchy of data used for 
developing dose reconstruction methodologies is (1) dosimeter readings and bioassay data, 
(2) co-worker data and workplace monitoring data, and (3) process description information or 
source term data. 

In accordance with directions provided by the Advisory Board and the SC&A site profile review 
procedure, this report is organized into the following sections: 

(1) Executive Summary 
(2) Scope and Introduction 
(3) Assessment Criteria and Method 
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(4) Site Profile Strengths 
(5) Vertical Issues 
(6) Overall Adequacy of the INL Site Profile as a Basis for Dose Reconstruction 

Based on the issues identified in each of these sections, SC&A prepared a list (Tables 1-1 and 
6-1) of “issues” briefly described in the Executive Summary and later in the report; this list 
functions as a convenient roadmap to the issues discussed throughout the report.  Issues are 
designated as “findings” if SC&A believes that they represent deficiencies in the TBD that need 
to be corrected and which have the potential to have a substantial impact on at least some dose 
reconstructions. Issues are designated as “observations” if they simply raise questions, which, if 
addressed, would further improve the TBDs and may possibly reveal deficiencies that will need 
to be addressed in future revisions of the TBDs. In this review, SC&A has identified 35 issues, 
categorized into 11 findings (some issues are combined), and 18 observations.  The TBDs, in 
many ways, have done a successful job in addressing a series of technical challenges.  In other 
areas, the TBDs exhibit shortcomings that may influence some dose reconstructions in a 
substantial manner. 

Since many of the issues that surfaced in the report correspond to more than one of the major 
objectives (i.e., strengths, completeness of data, technical accuracy, consistency among site 
profiles, and regulatory compliance), there is a degree of redundancy in the report, where 
different sections may address the same issue, but from different perspectives.  For example, the 
SC&A site profile review procedure calls for both a “vertical” assessment for purposes of 
evaluating specific issues of adequacy and completeness, as well as a “horizontal” assessment of 
how the profile satisfies its intended purpose and scope. 
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3.0 ASSESSMENT CRITERIA AND METHOD 


SC&A is charged with evaluating the approach set forth in the site profile used in the individual 
dose reconstruction process. SC&A reviewed the site profile documents with respect to the 
degree to which technically sound judgments or assumptions are employed, and assessed the 
degree to which they fulfill the objectives delineated in SC&A’s review procedure.  

3.1 OBJECTIVES 

Documents are reviewed for their completeness, technical accuracy, adequacy of data, 
consistency with other site profiles, and compliance with the stated objectives, as defined in the 
SC&A Standard Operating Procedure for Performing Site Profile Reviews (SC&A 2004a). 
These objectives are discussed in the following sections: 

3.1.1 Objective 1:  Completeness of Data Sources 

SC&A reviewed the site profile with respect to Objective 1, which requires SC&A to identify 
principal sources of data and information that are essential to the development of the site profile.  
The two elements examined under this objective are (1) determining if the site profile made 
proper use of available data considered relevant and significant to the dose reconstruction, and 
(2) investigating whether other relevant/significant sources are available, but were not used in the 
development of the site profile.  For example, if relevant data are available in site technical 
reports or other site documents for particular processes, and if the TBDs have not taken these 
data into consideration, this would constitute a completeness of data issue.  The Oak Ridge 
Associated Universities (ORAU) site profile document database, including the referenced 
sources in the TBDs, was evaluated to determine the relevance and use of the data collected by 
NIOSH to the development of the site profile.  Additionally, SC&A evaluated selected records 
publicly available relating to the INL site and records provided by site experts.  SC&A requested 
a number of documents from INL during the site expert interview visit, which have only partially 
been provided to date. 

3.1.2 Objective 2: Technical Accuracy 

SC&A reviewed the site profile with respect to Objective 2, which requires SC&A to perform a 
critical assessment of the methods used in the site profile to develop technically defensible 
guidance or instruction, including evaluating field characterization data, source term data, 
technical reports, standards and guidance documents, and literature related to processes that 
occurred at INL. The goal of this objective is to first analyze the data according to sound 
scientific principles, and then evaluate this information in the context of compensation.  For 
example, if SC&A found that the technical approach used by NIOSH was not scientifically 
sound or claimant favorable, this would constitute a technical accuracy issue. 

3.1.3 Objective 3: Adequacy of Data 

SC&A reviewed the site profile with respect to Objective 3, which requires SC&A to determine 
whether the data and guidance presented in the site profile are sufficiently detailed and complete 
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to conduct dose reconstruction, and whether a defensible approach has been developed in the 
absence of data. In addition, this objective requires SC&A to assess the credibility of the data 
used for dose reconstruction. The adequacy of the data identifies gaps in the facility data that 
may influence the outcome of the dose reconstruction process.  For example, if a site did not 
monitor all workers exposed to neutrons who should have been monitored, this would be 
considered a gap and, thus, an inadequacy in the data. 

3.1.4 Objective 4: Consistency Among Site Profiles 

SC&A reviewed the site profile with respect to Objective 4, which requires SC&A to identify 
common elements within site profiles completed or reviewed to date, as appropriate.  In order to 
accomplish this objective, the INL TBDs were compared to the Hanford and Savannah River 
Site (SRS) TBDs.  Both the Hanford and SRS site profiles are appropriate for comparison as the 
sites, all large DOE laboratories, had similar missions.  Attachment 4 consists of a table 
comparing key assumptions and approaches taken by site profiles for the three sites.  This 
assessment was conducted to identify areas of inconsistencies and determine the potential 
significance of any inconsistencies with regard to the dose reconstruction process. 

3.1.5 Objective 5: Regulatory Compliance 

SC&A reviewed the site profile with respect to Objective 5, which requires evaluation of the 
degree to which the site profile complies with stated policy and directives contained in 
42 CFR Part 82. In addition, SC&A evaluated the TBDs for adherence to general quality 
assurance policies and procedures utilized for the performance of dose reconstructions.  In order 
to place the above objectives into the proper context as they pertain to the site profile, it is 
important to briefly review key elements of the dose reconstruction process, as specified in 42 
CFR Part 82. Federal regulations specify that a dose reconstruction can be broadly placed into 
one of three discrete categories.  These three categories differ greatly in terms of their 
dependence on the availability, completeness, and accuracy/uncertainty of available dose data.   
The first two categories represent “extreme cases,” where, in the first (Category 1), exposures are 
so obviously high as to lead quickly to a probability of causation (POC) of at least 50% and, in 
the second (Category 2), exposures are so obviously low, as to lead quickly to determination of a 
POC of less than 50%. The third category (Category 3) is the most difficult one to assess, as the 
claimant’s exposure falls between the two extremes of the first two categories.  

Category 1: Least challenged by any deficiencies in available dose/monitoring data are dose 
reconstructions for which even a partial assessment (or minimized dose(s)) corresponds to a POC 
value in excess of 50%, and assures compensability to the claimant.  Such partial/incomplete 
dose reconstructions with a POC greater than 50% may, in some cases, involve only a limited 
amount of external or internal data.  In extreme cases, even a total absence of a positive 
measurement may suffice for an assigned organ dose that results in a POC greater than 50%.  For 
this reason, dose reconstructions in behalf of this category may only be marginally affected by 
incomplete/missing data or uncertainty of the measurements.  In fact, regulatory guidelines 
recommend the use of a partial/incomplete dose reconstruction, the minimization of dose, and 
the exclusion of uncertainty for reasons of process efficiency, as long as this limited effort 
produces a POC of greater than or equal to 50%. 
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Category 2: A second category of dose reconstruction is defined by Federal guidance, which 
recommends the use of “worst-case” assumptions.  The purpose of worst-case assumptions in 
dose reconstruction is to derive maximal or highly improbable dose assignments.  For example, a 
worst-case assumption may place a worker at a given work location 24 hours per day and 
365 days per year; while not logical, the assumption is certainly upper bounding on exposure.  
The use of such maximized (or upper bound) values, however, is limited to those instances 
where the resultant maximized doses yield POC values below 50%, which are not compensated.  
For this second category, the dose reconstructor needs only to ensure that all potential internal 
and external exposure pathways have been considered. 

The obvious benefit of worst-case assumptions and the use of maximized doses in dose 
reconstruction is efficiency. Efficiency is achieved by the fact that maximized doses avoid the 
need for precise data and eliminates consideration for the uncertainty of the dose.  Lastly, the use 
of bounding values in dose reconstruction minimizes any controversy regarding the decision not 
to compensate a claim. 

Although simplistic in design, to satisfy this type of a dose reconstruction, the TBD must, at a 
minimum, provide information and data that clearly identify (1) all potential radionuclides, 
(2) all potential modes of exposure, and (3) upper limits for each contaminant and mode of 
exposure. Thus, for external exposures, for example, maximum dose rates must be identified in 
time and space that correspond to a worker’s employment period, work locations, and job 
assignment.  Similarly, in order to maximize internal exposures, the highest possible air 
concentrations and surface contaminations must be identified. 

Category 3: The most complex and challenging dose reconstruction represents claims where the 
case cannot be dealt with under one of the two categories above.  For instance, when a minimum 
dose estimate does not result in compensation, a next step is required to make a more complete 
estimate.  Or, when a worst-case dose estimate that has assumptions that may be physically 
implausible results in a POC greater than 50%, denial is not possible.  A more refined estimate 
may be required to support a recommendation either to deny or to compensate the claimant.  In 
such dose reconstructions, which may be represented as “reasonable,” NIOSH has committed to 
resolve uncertainties in favor of the claimant.  According to 42 CFR Part 82, NIOSH interprets 
“reasonable estimates” of radiation dose to mean the following: 

. . . estimates calculated using a substantial basis of fact and the application of 
science-based, logical assumptions to supplement or interpret the factual basis.  
Claimants will in no case be harmed by any level of uncertainty involved in their 
claims, since assumptions applied by NIOSH will consistently give the benefit of 
the doubt to claimants. 

3.2 ASSESSMENT METHODOLOGY 

In order to assess the degree of compliance with the five objectives described above, SC&A 
reviewed each of the six TBDs, their supplemental attachments, TIBs, and other relevant 
documents, giving due consideration to the three categories of dose reconstructions that the site 
profile is intended to support (Section 3.1.5).  The TBDs generally provide well-organized and 
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somewhat or partially user-friendly information for the dose reconstructor when adequate data 
are available to do that comprehensively.  During the course of its review, SC&A was cognizant 
of the fact that the site profile is not required by the EEOICPA or by 42 CFR Part 82, which 
implements the statute.  Site profiles were developed by NIOSH as a resource to the dose 
reconstructors for identifying site-specific practices, parameter values, and factors that are 
relevant to dose reconstruction, and which may be used to supplement a claimant’s own 
employment and exposure record.  Based on information provided by NIOSH personnel, SC&A 
understands that site profiles are living documents, which are revised, refined, and supplemented 
with TIBs as required, to help dose reconstructors.  Site profiles are not intended to be 
prescriptive nor necessarily complete in terms of addressing every possible issue that may be 
relevant to a given dose reconstruction. In addition, they are not intended for the “layman,” but 
for the health physics personnel immersed in the review process.  The principal documents and 
data sources SC&A examined in the course of its review, and which were most influential in 
informing SC&A’s assessment, are the following: 

• 	 ORAUT-TKBS-0007-1, Technical Basis Document for the Idaho National Engineering 
and Environmental Laboratory (INEEL) – Introduction (Rohrig 2004i), explains the 
purpose and the scope of the site profile. SC&A was attentive to this section, because it 
provides a useful overview and explains the role of each TBD in support of the dose 
reconstruction process. Hence, the introduction helps in framing the scope of the site 
profile.  As will be discussed later in this report, NIOSH may want to include additional 
qualifying information in the introduction to this and other site profiles describing the 
dose reconstruction issues that are not explicitly addressed by a given site profile.  
NIOSH may also want to include a roadmap to the dose reconstructor expounding on the 
entire dose reconstruction process and showing how the TBDs fit into that process.  

• 	 ORAUT-TKBS-0007-2, Technical Basis Document for the Idaho National Engineering 
and Environmental Laboratory (INEEL) – Site Description (Rohrig 2005), is an 
extremely important document, because it provides a description of the facilities and 
processes, as well as historical information that serve as the underpinning for subsequent 
INL TBDs. Specifically, this document describes the history and current status of 14 
areas, 101 facilities and processes, and their associated source terms that are relevant to 
dose reconstruction. SC&A’s review of this section addresses whether all the potentially 
important site activities and processes are described, and whether characterization of 
source terms is complete and sufficient to support dose reconstruction. 

• 	 ORAUT-TKBS-0007-3, Technical Basis Document for the Idaho National Engineering 
and Environmental Laboratory (INEEL)– Occupational Medical Dose (Rohrig 2004m), 
provides a set of procedures and default dose values for reconstructing the radiation 
exposures of workers from medical radiographic procedures that were required of 
employees at INL.  SC&A reviewed this section for completeness and technical adequacy. 

• 	 ORAUT-TKBS-0007-4, Technical Basis Document for the Idaho National Engineering 
and Environmental Laboratory (INEEL)– Occupational Environmental Dose (Peterson 
2004), provides background information and guidance to dose reconstructors for 
reconstructing the doses to unmonitored workers outside of the facilities at INL who may 
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have been exposed to routine and episodic airborne emissions from these facilities.  
SC&A reviewed this section from the perspective of the source terms and the 
atmospheric transport, deposition, and resuspension models used to derive the external 
and internal doses to these workers.  In addition, SC&A also reviewed the Supplement to 
Technical Basis Document 4 for the Idaho National Engineering and Environmental 
Laboratory: INEEL Occupational Environmental Dose (Peterson 2004s). 

• 	 ORAUT-TKBS-0007-5, Technical Basis Document for the Idaho National Engineering 
and Environmental Laboratory (INEEL) – Occupational Internal Dose (Rich and Wenzel 
2004), presents background information and guidance to dose reconstructors for deriving 
occupational internal doses to workers. This section was reviewed with respect to 
information and guidance regarding the types, mixes, and chemical forms of the 
radionuclides that may have been inhaled or ingested by the workers, the recommended 
assumptions for use in reconstructing internal doses based on whole-body counts and 
bioassay data, the methods recommended for use in the reconstruction of missed internal 
doses, and the methods recommended for characterizing uncertainty in the reconstructed 
internal doses. 

• 	 ORAUT-TKBS-0007-6, Technical Basis Document for the Idaho National Engineering 
and Environmental Laboratory (INEEL) – Occupational External Dose (Rohrig 2004e), 
presents background information and guidance to dose reconstructors for deriving 
occupational external doses to workers. This section was reviewed with respect to 
information and guidance regarding the different types of external radiation (i.e., gamma, 
beta, and neutron) and the energy distribution of this radiation to which the workers may 
have been exposed. SC&A also reviewed the recommendations for converting external 
dosimetry data to organ-specific doses, the methods recommended for reconstructing 
missed external doses, and the methods recommended for characterizing uncertainty in 
the reconstructed external doses. 

• 	 ORAUT-OTIB-0009, Technical Information Bulletin in Support of INEEL Technical 
Basis Document Section 6: Reanalysis of Hankins MTR Bonner Sphere (Rohrig 2004h), 
presents re-analyzed neutron dose equivalents of the original Hankins measured values 
for three IREP energy groups at the MTR floor (Hankins 1961).  This TIB also provides a 
distribution of the neutron dose equivalent among the energy groups and their 
corresponding fractional NTA film responses. 

• 	 Supplement to Technical Basis Document 4 for the INEEL:  INEEL Occupational 
Environmental Dose (Peterson 2004s) presents supportive material for occupational 
environmental dose information and data.  In particular, Attachment 4-A of this 
supplement provides 18 tables listing 14 total organ doses (thyroid, skin, lungs, bone, 
breast, stomach, ULI, LLI, red marrow, gonads, SI, spleen, liver, kidneys) for the 
inhalation and air-immersion pathways at different INL facilities, due to either 
operational releases or episodic events from other facilities.  The reason why these organ 
dose values are not included in the TBD is not specified; but the TBD indicates that the 
air-immersion dose calculations are not necessary, because NIOSH believes that they 
would be recorded in the fence-line TLD doses (pg. 24).  
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In accordance with SC&A’s site profile review procedure, the reviewers performed an initial 
assessment of the six TBDs, their supporting documentation, and several TIBs.  SC&A then 
submitted questions to NIOSH with regard to assumptions and methodologies used in the site 
profile. A teleconference was conducted with staff members of NIOSH, ORAU, an ORAU 
subcontractor (Intrepid), and the SC&A team to discuss SC&A’s questions, and to allow NIOSH 
to provide explanations and clarifications.  NIOSH, ORAU, and ORAU subcontractor personnel 
subsequently were given the opportunity to comment on a draft summary of the teleconference.  
A summary of the questions, conference call, and some subsequent clarifications is provided in 
Attachment 1 of this report. 

SC&A conducted site expert interviews to help obtain a comprehensive understanding of the 
radiation protection program, site operations, and environmental contamination that might be 
present in some areas.  While it is recognized that peoples’ memories may not be wholly reliable, 
especially when trying to recall information from decades ago, the interviews, especially taken in 
the aggregate, provided much useful insight from the perspective of the INL workers themselves.  
Attachment 3 provides summaries of the interviews conducted by SC&A in the Idaho Falls area 
during the course of this review.  The site experts interviewed include current, former, and 
retired staff from dosimetry, radiation control, operations, environmental monitoring, 
maintenance, instrumentation, electrical, mechanical, security, engineering, management, and 
other support organizations. Each summary is an edited paraphrase of conversations held with a 
number of site experts, rather than a verbatim transcript.  Personnel statements have been 
grouped into categories to provide a linkage with various portions of the INL site profile.  
References that may identify specific site experts have been omitted for privacy reasons.  
Interviewed individuals were given the opportunity to review the interview summary for 
accuracy. This is an important safeguard against missing key issues or misinterpreting some 
vital piece of information.  Most, but not all, of the individuals interviewed by SC&A provided 
comments on the summaries.  The DOE-ID Classification Office also reviewed the summaries. 

Information provided in the teleconference with NIOSH mentioned above was evaluated against 
the preliminary findings to finalize the vertical issues addressed in the report (Section 5).  There 
are three levels of review for this report.  First, SC&A team members review the report internally.  
Second, SC&A engages an outside consultant, who has not participated in the preparation of this 
document, to review all aspects of this report.  The third level, referred to as the expanded review 
cycle, will consist of a review of this draft by the Advisory Board and NIOSH.  The first two 
review levels have been completed. 

After the Advisory Board and NIOSH (and its contractors and subcontractors) have an 
opportunity to review this draft, SC&A plans to request a meeting with Advisory Board 
members and NIOSH representatives to discuss the report.  Following this meeting, SC&A will 
revise the draft and deliver the final version to the Advisory Board and to NIOSH.  We anticipate 
that, in accordance with the procedures followed during previous site profile reviews, the report 
will then be published on the NIOSH web site and discussed at an Advisory Board meeting.  
This last step in the review cycle completes SC&A’s role in the review process, unless the 
Advisory Board requests SC&A to participate in additional discussions regarding the closeout of 
issues, or if NIOSH issues revisions to the TBDs or additional TIBs, and the Advisory Board 
requests SC&A to review these documents. 
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Finally, it is important to note that SC&A’s review of the TBDs and their supporting TIBs is not 
exhaustive.  These are large, complex documents, and SC&A used its judgment in selecting 
those issues that we believe would be important with respect to dose reconstruction. 
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4.0 SITE PROFILE STRENGTHS 


In developing a TBD, the assumptions used must be fair, consistent, and scientifically robust, 
and uncertainties and inadequacies in source data must be explicitly addressed.  The 
development of the TBD must also consider efficiency in the process of analyzing individual 
exposure histories, so that claims can be processed in a timely manner; this is clearly in the best 
interest of the claimants.  With this perspective in mind, SC&A identified a number of strengths 
in the INL TBDs.  These strengths are described in the following sections. 

4.1 COMPLETENESS OF DATA SOURCES 

The INL TBDs exhibit the following strengths in terms of the completeness of their data 
sources: 

(1) 	 In an effort to be comprehensive in addressing the range of facilities and processes at INL, 
NIOSH effectively compiled facility-specific information from a number of descriptions 
and historical records, the most complete and expansive of which is Susan Stacy’s book, 
commissioned by DOE to commemorate 50 years of INL operations, Proving the 
Principle, A History of the Idaho National Engineering and Environmental Laboratory, 
1949–1999 (Stacy 2000). In developing the site profile, NIOSH drew upon information 
contained in 287 reports and documents cited in the reference sections of five of the six 
TBDs. Facilities are grouped into 14 areas and 101 facilities and processes.  A concerted 
effort was made to characterize the principal types and relative importance of the various 
radionuclides that may have contributed to internal and external exposures at the various 
facilities and associated processes over the life of the facilities.  SC&A considers this 
compilation to be an important strength of the report.   

(2) 	 NIOSH made an admirable effort to compile historical data on medical x-ray equipment 
and techniques used at INL. From these data, NIOSH was able to develop a 
comprehensive, user-friendly table listing organ doses from occupational medical x-ray 
exposure to workers. For missing data prior to 1954, NIOSH has been able to use 
estimates from a document prepared by Ron Kathren (Kathren 2003) to fill the gap.  
Notwithstanding SC&A’s opinion that there are opportunities for improvement in treating 
the uncertainties associated with the derivation of the organ doses, SC&A considers the 
medical exposure section to be one of the strengths of the site profile.  

(3) 	 In compiling the atmospheric source terms for deriving outdoor occupational exposures 
to unmonitored and monitored workers, NIOSH depended heavily on two reports; 
INELHDE (DOE 1991a) and RAC 2002.  In addition, a supporting document, 
Supplement to Technical Basis Document 4 for the Idaho National Engineering and 
Environmental Laboratory: INEEL Occupational Environmental Dose (Peterson 2004), 
was developed to provide more detailed information on the data and methods used in 
deriving the potential worker intake values at 8 primary INL facilities for routine releases, 
potential worker intake values for identified episodic events, and direct gamma exposure 
values at 11 INL facilities. Though these reports are comprehensive and provide much 
useful information and guidance, SC&A believes that there are opportunities for 



 
 

   
 

 

 

 

 

 
 

 

 

 

Effective Date: 
September 23, 2005 

Revision No. 
 0 (Draft) 

Document No. 
SCA-TR-TASK1-0005 

Page No. 
 41 of 186 

improvement in identifying other (missing) source terms and the methods used to 
reconstruct the missed environmental gamma doses. 

(4) For the purpose of developing data needed to reconstruct missed internal doses based on 
historical operations, NIOSH compiled a significant amount of data identifying the 
radioactive materials at the various INL facilities, and describing the relevant operations 
and their associated processes.  Notwithstanding this achievement, there are opportunities 
for improvement in the data sets and guidance for the dose reconstructors for 
reconstructing missed internal exposures, and also for identifying missed internal doses 
due to deficient work practices and inadequate instrumentation.  

(5) 	 In compiling historical data needed to reconstruct missed external (gamma, beta, and 
neutron) doses, NIOSH compiled a significant amount of data identifying potential 
external radiation sources at various INL facilities, and describing the relevant operations 
and their associated processes.  NIOSH also compiled data related to external dosimetry 
used at INL over its entire operating history.  From these gathered data, NIOSH 
developed the missed gamma and neutron dose values for different time periods.  
Opportunities for improvement remain, however, in the areas of adding the missed beta 
dose values and identifying high-risk jobs. 

4.2 TECHNICAL ACCURACY/CLAIMANT-FAVORABILITY 

The INL Site TBDs exhibit the following strengths, in terms of their technical accuracy and 
claimant-favorability:  

(1) Medical x-ray procedures have been investigated thoroughly to determine the 
radiographic techniques used at INL. The frequencies of medical examinations 
performed on new hires and on workers over the operating years have been exhaustively 
reviewed and determined.  The INL Site Occupational Medical Dose TBD (Rohrig 
2004m) provides methods for calculating doses from both posterior-anterior (PA; back to 
front) and lateral chest x-rays in Section 3.4 (pg. 6).  For dose calculations, NIOSH 
provides default skin entrance air kerma values for PA and lateral chest x-ray 
examinations.  It was determined that no photofluoroscopic examination has ever been 
performed at the INL Site.  Table 3A-1 of the TBD presents the recommended default 
organ doses for six time periods of INL operations.  An assigned uncertainty of ±30% at 
1 sigma (84% confidence) was recommended for the calculated dose results.  

(2) 	 NIOSH made a concerted effort to determine the airborne release source terms due to 
routine operations from major INL facilities and episodic events, such as unplanned 
criticalities and planned special fuel tests.  NIOSH also thoroughly evaluated the 
environmental monitoring data over the operating history to determine the fence line dose 
results. The Occupational Environmental Dose TBD provides a set of tables listing the 
worker intake quantities by year due to routine operations (Tables 4-1 to 4-8) and 
episodic events (Table 4-10 to 4-11), and the direct gamma dose to workers (Table 4-12) 
at primary INL facilities.  The overall accuracy of the information provided is judged 
acceptable, however, NIOSH did not include other potential sources of missed dose to 
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workers, such as resuspended contaminated soils and accumulated ground depositions.  
In addition, NIOSH did not evaluate the validity and quality of the monitoring data to 
determine uncertainties associated with the source terms.  

(3) NIOSH identified the primary contributing facilities to worker internal exposures by 
extensively analyzing the operations and processes at different INL facilities.  NIOSH 
also evaluated the radiologically significant radionuclides for these operations and 
processes. The most limiting source terms for worker internal exposure were then 
determined to arise from the processed nuclear fuels at ICPP (Table 5.6.2.5-1, pg. 32).  
The TBD selected the most limiting radionuclides in the fuel inventory as the default 
worker intakes to calculate the missed internal doses at different INL facilities by 
multiplying by a set of weighting factors (Table 5.7-1, pg. 38).  However, NIOSH did not 
evaluate other potential sources of missed internal dose to workers, which may have been 
due to inconsistent and deficient field work practices.  In addition, NIOSH did not 
identify potential high-risk or high-internal dose jobs leading to missed worker internal 
doses. 

(4) 	 NIOSH made a concerted effort to determine the minimum reporting levels (MRLs) that 
were associated with the various types of dosimeters used over the life of the lab, for the 
different types of operations, and for the different types of external exposures (Rohrig 
2004e, Tables 6B-1 and 6B-2, pg. 47). In addition, NIOSH determined the potential 
gamma, beta, and neutron radiation fields at different INL facilities (Section 6.3.4).  The 
assessment was not as complete and as accurate as it could have been, however, as 
NIOSH did not evaluate other potential sources of missed external dose to workers due to 
inconsistent and deficient field work practices.  NIOSH also did not identify potential 
high-risk or high-external dose jobs, which may have led to significant missed worker 
external doses. 

(5)	 Similar to the Hanford site profile, the development of separate TBDs for the six primary 
areas, i.e., introduction, site description, Occupational Medical Dose, occupational 
environmental dose, occupational internal dose, and occupational external dosimetry, 
forms a model for later site TBDs.  The format of the INL TBDs is more user-friendly 
than some of the previous TBDs, such as for Savannah River.  The use of examples is 
beneficial to the dose reconstructor, as they summarize and clarify the suggested 
procedures to be followed. NIOSH should expand the presentation of examples in 
revised or new site profile TBDs; for instance, there is only one example provided in the 
Occupational External Dose TBD. 

4.3 ADEQUACY OF DATA 

The developers of the TBDs benefited from having access to information and data that were 
compiled as a part of several INL site programs.  The following summarizes these programs and 
how the TBDs benefit from them, and also points out areas where the programs may have been 
deficient or where the TBDs could have made better use of the available data.  



 
 

   
 

 

 
 

 

 

 

 

 

Effective Date: 
September 23, 2005 

Revision No. 
 0 (Draft) 

Document No. 
SCA-TR-TASK1-0005 

Page No. 
 43 of 186 

(1) While INL’s radiological control program has undergone continuous improvement since 
the inception of site operations, there are significant concerns about deficiencies in the 
program and its implementation in the early years of the site history.  Radiological 
control personnel have implemented upgraded procedures and technology over time to 
reduce radiation dose to workers, and have enhanced personnel monitoring programs as 
more advanced equipment and instrumentation were added.  

(2) The personnel monitoring program utilized timekeeping, film badges (later TLDs), 
pocket ionization chambers (PICs), and air sampling to monitor and control worker 
exposure. The two-element film badge was used as early as August 1951 (Rohrig 2004e), 
but INL continued to use timekeeping and PICs to monitor real-time personnel dose after 
the implementation of the film badge.  However, these PIC data were not provided in the 
TBD for dose reconstructors to use, although there were significant concerns about the 
validity of the film badge results among many site experts interviewed. 

(3)	 The INL dosimetry program initially used neutron film badges with Kodak nuclear track 
emulsion Type A (NTA) for monitoring worker exposure to neutron fields.  Because of 
the missed dose from any neutrons below the NTA energy threshold of 0.5 to 0.8 MeV, 
INL switched to Hankins albedo dosimeters (Rohrig 2004e).  

(4) 	 The external dosimetry staff characterized the workplace radiation fields at INL in 
response to a Tiger Team finding, making field measurements with a NaI(Tl) 
spectrometer and TLDs mounted on a phantom.  The measurement results were 
compared to determine relative bias.  These data, however, were not used in determining 
the missed external gamma and neutron doses. 

(5) In 1996, the INL external dosimetry staff performed neutron radiation field 
characterization to determine a facility neutron correction factor (FNCF) from the 9-inch 
to 3-inch ratio in the worker location.  This FNCF is used to adjust the measurement 
result to dose equivalent. 

(6) INL has identified the MTR experimental floor as the largest contributor of neutron 
exposures to workers. In 1961, INL used 2-, 3-, and 8-inch polyethylene Bonner balls in 
a cadmium shield to characterize the intermediate and fast neutron at 21 locations around 
the MTR floor. Measurements of thermal neutron components were also made at six 
other locations. These 1961 data are reanalyzed in the TBD (Rohrig 2004h) using more 
recent Bonner response curves.  Correction factors for missed neutron dose are then 
estimated. 

(7) Routine bioassay involving in-vitro and urine sampling were implemented in the 
beginning of the site history (probably from 1953).  Whole-body counting became 
routine in the 1960s. However, thyroid counting used for high-risk workers was not 
mentioned in the TBD.  The frequencies of the bioassay program evolved from an annual 
routine program to an event-based program in the later years, but there are significant 
gaps in these data, which need to be addressed.  NIOSH gives incomplete instructions on 
how to use bioassay data to calculate doses. 
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(8) 	 INL implemented environmental monitoring from the beginning of its operational history. 
All of the airborne releases and their impact to the populations around INL boundaries 
were reviewed and analyzed. With the help of NOAA, hourly meteorological data were 
available for the analyses. All the releases and analyzed results up to 1991 are 
documented in the INLEHDE (DOE 1991a). 

4.4 CONSISTENCY AMONG THE SITE PROFILES 

Although INL, Hanford, and Savannah River Site (SRS) missions overlapped to a significant 
extent, there are many differences in the facility designs and processes, and radiological practices. 
Attachment 4 compares many parameters and assumptions of these three sites.  In some cases, 
these differences require site-specific assumptions in dose determinations.  For example, due to 
many different nuclear reactor experiments and fuel reprocessing operations at INL, there is a 
long list of radionuclides of concern, including Cs-137, Co-60, Sr-90, Pu-239, U-235, and I-131.  
INL, however, did not have to consider the substantial particulate releases of ruthenium from the 
REDOX facility at Hanford; nor did SRS, whose facilities were built later.  NIOSH has made a 
concerted effort to recognize and address site-specific issues in the TBDs.  With respect to the 
Interactive RadioEpidemiologic Program (IREP) input parameters, the INL, Hanford, and SRS 
TBDs are consistent in many cases.  This consistency was especially apparent in the 
occupational medical exposure sections, as seen in Table A.4-1 in Attachment 4. 

4.5 REGULATORY COMPLIANCE 

The TBDs’ reliance on environmental monitoring data, but only limited personnel data, to 
determine dose is not entirely consistent with the requirements outlined in 42 CFR Part 82, 
which specifies the hierarchy of data that is to be used in dose reconstruction.  NIOSH has not 
effectively complied with the hierarchy of data required in §82.2 and its implementation guides 
for monitored workers.  The two examples that follow show that NIOSH did not compile 
pertinent data, like bioassays and external doses, and dose rates. 

(1) Where in-vivo and in-vitro analyses are available, this information is provided for use in 
the determination of internal dose.  However, the Occupational Internal Dose TBD relies 
entirely on reprocessed fuel information as the bounding source terms for potential 
worker inhalation intake. 

(2) The Occupational External Dose TBD does not use beta/gamma and neutron dosimetry 
data in the determination of external exposure.  NIOSH uses the MRL values for different 
types of film badges and dosimeters to calculate the potential maximum external (gamma 
and neutron) dose to workers.  Where environmental measurements are available, these 
data are used as the basis for environmental dose. 
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5.0 VERTICAL ISSUES 


SC&A has developed a list of issues regarding the INL site profile, which relate to the five 
objectives defined in the SC&A site profile review procedure (SC&A 2004a).  Some issues 
pertain to a particular objective, while others to several objectives.  A matrix relating the 
objectives and the relative importance of each issue is provided in Section 6.0.  The issues 
identified as findings map into the four broad categories discussed in Section 5.1, and the issues 
identified as observations map into the two broad categories discussed in Section 5.2.  Many of 
the issues raised are applicable to other DOE and Atomic Weapons Employer sites, and should 
be considered in the preparation and revision of other site profiles. 

5.1 DISCUSSION OF ISSUES 

5.1.1 Occupational Environmental Dose Issues 

The Occupational Environmental Dose TBD divides potential occupational environmental 
exposure to workers at the INL facilities into two pathways; (1) airborne releases from INL 
facilities, and (2) direct gamma doses resulting from facility operations.  The airborne releases 
are further subdivided into routine operational releases and episodic releases.  NIOSH used the 
source terms in the document, Idaho National Engineering Laboratory Historical Dose 
Evaluation Report (INELHDE), to develop a set of annual inhaled quantities (Bq/yr) for routine 
operational releases for 8 INL facilities for the dose reconstructors to choose from.  NIOSH also 
developed intakes (Bq/event) for all identified episodic releases in the history of INL (from 1952 
to 2002). For direct radiation to workers, NIOSH used exclusively fence-line environmental 
TLD records to develop direct gamma values for 11 INL facilities from 1952 to 2002. 

5.1.1.1 Routine Airborne Releases 

For airborne emissions from routine facility operations, the Occupational Environmental Dose 
TBD relies heavily on two previous work; the INELHDE Report (DOE 1991a) and Identification 
and Prioritization of Radionuclide Releases from the Idaho National Engineering and 
Environmental Laboratory, Final Report (RAC 2002). The INELHDE project was chartered in 
December 1988 in response to inquiries concerning possible radiological consequences to the 
public from past projects and facility operations at INL.  The purpose of the report is to provide 
estimates of potential offsite radiation doses encompassing the entire operating history of INL 
using a consistent methodology for all years.  While potential ground water, surface water, and 
biotic pathways exist, they are not significant contributors to the offsite radiation dose, because 
the principal route by which radioactivity released on the INL site can reach offsite locations is 
through the airborne pathway. Consequently, this report concentrates on estimates of doses 
resulting from radioactivity releases to the atmosphere that are subsequently transported offsite 
through airborne pathways. 

Atmospheric releases are categorized as either operational or episodic.  Operational releases are 
continuous and fairly uniform releases, occurring over a year or over a portion of a year, that 
span a variety of meteorological conditions; the report uses annual average meteorological 
conditions.  Episodic releases took place over a short period of time, typically a few hours, and 
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may have been associated with a particular planned or unplanned event, such as the SL-1 
accident.  Some tests as long as several months were modeled as episodic releases.  Episodic 
releases are treated as distinct events using the actual meteorological conditions measured at the 
time of each release.  The primary source of information for estimating the operational releases 
of radioactivity to the atmosphere is the measurement of stack effluents, as reported in the 
Radioactive Waste Management Information System (RWMIS) database.  The report performed 
supplemental calculations using information from other technical reports to determine the 
radionuclide composition of the effluent.  For episodic releases, estimates are taken from 
technical reports on individual INL facilities and test programs. 

The total amount of radioactivity associated with annual operational releases at INL was greatest 
in the late 1950s and early 1960s, and has decreased since then.  The peak release of 
radioactivity in the 1980s was approximately one-tenth of that released in 1961.  A total of 108 
individual episodic releases are considered in the INELHDE, and detailed dose calculations were 
done for the 54 most important releases.  Most of the important episodic releases were associated 
with reactor fuel development tests conducted before 1961 (DOE 1991a, pp. v-vi). 

In the INELHDE document, calculation of atmospheric transport to locations off the INL site 
was done using the MESODIF computer code. The name MESODIF is derived from the terms 
mesocale (MESO) and diffusion (DIF) to indicate that the dispersion predictions of the model are 
valid for distances up to about 150 km (95 miles) from the release point (DOE 1991a, pg. 15).  
Data for dispersion calculations were taken from the records of the INL network of 
meteorological stations.  Even though the INELHDE was developed only for evaluating the 
offsite population dose impact due to INL releases, the exposure pathways are similar for the 
onsite workers. Radiological assessment calculations were made for four exposure pathways; 
(1) external exposure from immersion in contaminated air, (2) external exposure from 
radioactivity deposited on the ground, (3) internal exposure from inhalation of contaminated air, 
and (4) internal exposure from ingestion of contaminated agricultural products.  However, the 
INL Environmental TBD focuses on radiological assessment calculations for pathway (3).  It 
does not evaluate pathway (1) and inadequately evaluates pathway (2).  As for pathway (4), the 
TBD does not consider any ingestion scenarios. 

The TBD indicates that potential offsite doses from INL activities have been small.  The largest 
radiation doses were calculated for an infant in 1956, when the effective dose equivalent (EDE) 
from operational and episodic releases was estimated to be 61 mrem and the thyroid dose 
equivalent was estimated to be 1,350 mrem.  The trend in later years has been toward smaller 
doses as total INL site releases have declined.  Episodic releases have made a substantial 
contribution to the total potential radiation dose only for a few years during the test program of 
the 1950s and 1960s. Radiation doses from airborne releases over much of the operating history 
of INL were small, compared to doses from natural background radiation (DOE 1991a, p.v). 

To determine onsite concentrations of radionuclides from operational releases at INL facilities, 
NIOSH used the same methodology employed in the INELHDE.  The release source term for 
each year of operation is the same as that documented in the INELHDE, with some minor 
modifications (see discussion below). With one exception, NIOSH performed an analysis to 
reduce the number of radionuclides from 56 to 9 for operational releases that contributed less 
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than 95% of the inhalation doses. For operational releases, the TBD used annual average 
meteorological conditions (mesoscale dispersion isopleths of ground-level air concentrations) 
from Bowman 1984 for the years prior to 1993.  For 1993 to 2002, NIOSH used average 
meteorological conditions from annual environmental reports (ESRF 1994, 1995, 1996, 1997, 
1998, 2000; Stoller 2002a, 2002b, and 2002c) (TBD, pg. 10).  For routine releases, NIOSH 
developed worker inhalation-intake values for 8 INL facilities (ANL-W, ARA, CFA, ICPP, 
RWMC, SPERT, TAN, TRA) for 9 key radionuclides (Ce-144, I-131, Pm-147, Pu-238, Pu
239/240, Ru-106, Sr-89, Sr-90, and Y-91) from 1952 to 2002.  These intake values (Bq/yr) are 
presented in Table 4-1 to Table 4-8 of the Occupational Environmental Dose TBD (Peterson 
2004). The following quotations are from that TBD and set the stage for the discussions that 
follow in subsequent sections. 

Other than the early releases from the GE-ANP IET operations, which are treated 
as episodic releases, by far the greater majority of the airborne radiological 
releases were contributed by the ICPP, the TRA, and EBR-I reactor, in that order. 
The ICPP airborne releases peaked in 1959 at about 1.3 million curies, dropped 
to about 800,000 curies the year after, rose to about 1.2 million the next year and 
then declined steadily to less than 200,000 curies in 1964 and remained at that 
level until 1975 when it rose for a year to about 250,000 curies.  Since 1976 the 
annual releases from ICPP have been less than 200,000 curies. The TRA annual 
releases peaked at slightly less than one half of the ICPP releases (about 600,000 
curies) in 1963 and have declined to less than 200,000 curies in 1967 and have 
remained less than 100,000 curies since 1969. The ANL-W airborne releases, 
generally associated with EBR-II, peaked at 19,000 curies in 1965 and dropped 
steadily to less than 1000 curies in 1969 where it has remained since.  

Annual site boundary doses for the maximally exposed individual reported in the 
Annual Environmental Monitoring Reports assume the total INEEL airborne 
effluent is released from a 250 ft. (76 m) stack midpoint between TRA and ICPP. 
Meteorological dispersion for the year is calculated for ground-level elevations 
by NOAA for the release height as presented in the average mesoscale dispersion 
isopleths. Originally, in the INEEL 4 TBD, INEEL facility personnel intakes for 
operational releases (Bq/yr) were calculated using INEEL total annual release 
radionuclides and respective quantities documented in RAC 2002. These release 
radionuclides and quantities are the result of a critical review by RAC of the 
releases documented in the INELHDE, performed in 1990 and 1991. The 
INELHDE took its operational release source term from the Radioactive Waste 
Management Information Service (RWMIS), the official documentation for 
gaseous, liquid, and solid radioactive wastes produced by facilities at the INEEL. 
However, when the INELHDE evaluation was performed, some minor problems 
were identified with respect to the annual source terms attributed to the TRA and 
ICPP releases as documented in the RWMIS. Identification and correction of 
these problems are discussed in length in pages A-12 through A-44 of the 
INELHDE. In the late 1990s, the State of Idaho requested the Centers for Disease 
Control (CDC) to critically review the INELHDE, which was contracted out to 
the RAC. The RAC review of the INELHDE “improved” the source terms for the 
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annual operational releases as described in pages 10 through 23 of RAC 2002. In 
summary, the changes to the RWMIS annual releases made for the INELHDE 
were in some cases substantial, but annual curie amounts remained unchanged. 
The changes in the INELHDE source terms made by the RAC were more for 
completeness and were not substantial. All changes preserved the annual total 
curies that are documented in RWMIS. In the final RAC assessment, the list for 
annual releases included 56 radionuclides, which was preserved when the first 
version of the INEEL 4 TBD was written. 

The formal review of INEEL 4 TBD requested that the number of radionuclides be 
reduced from 56 such that 95% of the original dose was preserved. The reduction 
was accomplished by using an option provided by the RSAC-6 code that allowed 
the total CEDE to be listed by radionuclide in ascending dose order. The 
reanalysis using this option allowed the number of radionuclides to be reduced 
from 56 to 16. After that reduction was accomplished, a further review suggested 
that the number of radionuclides be reduced to 10 and still preserve 95% of the 
original dose. The list was reduced to 11 radionuclides using the ICRP 26/30 
methodology with the help of the RSAC-6 code. Calculations at that time showed 
that eliminating one more radionuclide would have reduced the original total 
CEDE to 92%–93% of the original dose. The final review suggested that the final 
list include only those nuclides contained in a list treated by the Integrated 
Modules for Bioassay Analysis (IMBA), which meant that the two radionuclides, 
132I and 89Rb, which contributed the least dose of the 11 be omitted. The final 
reduction, completed with a table of doses, created by the ICRP 60/66 
methodology for the INEEL operational releases, indicated that 132I and 89Rb 
each contributed only about 0.7% of the semi-final dose. Therefore, those two 
radionuclides were deleted leaving the total list of radionuclides to a total of nine, 
all of which are treated by the IMBA code used by the dose reconstructors. 
(Peterson 2004, pp. 9–10) 

5.1.1.1.1 Completeness and Quality of Release Data Used 

(1) 	 The INELHDE report uses effluent release data primarily from stack-monitoring and air-
sampling systems installed across the INL site.  There were a total of 23 air samplers; 
12 within the site, and 11 outside the INL boundaries.  The INELHDE claims: 

The best and most comprehensive available data on releases of 
radioactivity to the atmosphere from INEL facilities have been used.  The 
primary source of information on operational releases was the 
measurement of stack effluents as reported in the Radioactive Waste 
Management Information System Information System (RWMIS) data base.  
The data in RWMIS are generally most complete and reliable for the years 
since this data base was established in 1971.  Data for the years from 
1962 to 1970 are less complete and reflect less sophisticated monitoring 
instrumentation and record keeping systems.  Data from 1952 to 1961 do 
not identify the specific mixture of radionuclides released; therefore 
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additional assumptions and calculations were required to determine the 
radionuclide composition of the effluent and perform the dose assessment 
(DOE 1991a, pg. 11). 

The ambient air monitors at various INL site locations had been found to be deficient in 
meeting the siting requirements specified in 40 CFR 58 (near obstructions) and meeting 
minimum flow rate for particulates specified in 40 CFR 50 (e.g., 2.5 cfm versus 39 cfm), 
as cited in a DOE report, Tiger Team Assessment of the Idaho National Engineering 
Laboratory, DOE/EH-0178, 1991 (DOE-HQ 1991).  NIOSH should evaluate the 
adequacy of the stack release data for use in the TBD.  The Tiger Team report states the 
following: 

Deficiencies exist within data residing in the RWMIS data base in that the 
data is not subject to formal validation and verification procedures by the 
generator before the annual certification is made.  RESL does not believe 
that verification/validation is part of their responsibility; however, no 
other entity at INEL is performing that function.  In one instance, data has 
been omitted from this data and not identified through any 
verification/validation process. The example noted by the Tiger Team 
involved the omission of Krypton-85m, Krypton-87, and Krypton-88 from 
the emission inventory reports for the ZPPR at ANL-W between 1980 and 
1991.  (Vol. 1, pg. 3-265) 

There is one particulate radiation monitor in the immediate vicinity of 
ICPP. This monitor is located near the ICPP fence line but is not 
downwind of ICPP radiation sources during predominant wind directions, 
and therefore is not sited properly to observe most low-level radiation 
releases from ICPP. (Vol.1, pg. 3-48) 

The ambient air monitors observed did not meet the siting requirements 
specified in 40 CFR 58, Appendix E, Paragraph 8.2, with respect to 
locating monitors near obstructions (i.e., buildings, parking lots) and 
maintaining an unrestricted airflow 270 degrees around the air sampler. 
For example, the ambient air monitor located at RESL is within 10 feet of 
the corner of CF-676 behind CF-690, and the ambient air monitors 
located at TAN, and ANL-W are located in parking lots adjacent to the 
fenceline. (Vol. 1, pg. 3-50) 

The type of ambient air monitors being used by RESL and Rockwell are of 
the low volume variety.  The flow rate of the air samplers vary between 1.5 
and 2.5 cubic feet per minute. 40 CFR 50, Appendix B, states that the 
minimum and maximum flow rate for particulate monitors is 39 to 60 
cubic feet per minute, respectively.  (Vol. 1, pg. 3-50) 

The height of the ambient air monitors maintained by RESL and Rockwell 
is approximately 1 meter.  40 CFR 58, Appendix E, states that the required 
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height of the air intake for large scale samplers is 2–15 meters.  (Vol. 1, 
pg. 3-50) 

Radiological effluent sampling and monitoring systems throughout INL facilities had not 
been evaluated to ensure that they would detect, quantify, and respond adequately to 
unplanned releases (DOE-HQ 1991). Also, airborne effluent particulates from INL 
operations had not been adequately characterized, and measurements and sampling 
techniques did not ensure a representative sample for effluent monitoring systems (DOE
HQ 1991). Several quotations from the Tiger Team report illustrate these deficiencies 
(and point to areas that NIOSH should investigate further): 

A review of the radiological effluent sampling and monitoring systems at 
contactor facilities throughout the INEL has indicated that the majority of 
the stacks with the potential for release of radioactive particulates in the 
effluent have not been evaluated to ensure that particulate sampling is 
representative or that it will detect, quantify, and adequately respond to 
unplanned releases of radioactive material to the environment as required 
in DOE 5400.5. ANSI N13.1-1969 provides data which shows that the 
longer the sample delivery line and the greater the number of 90 degree 
turns, the greater the potential for particulate losses (depending on 
particulate sizes, sampling flow rate, particulate density, etc.).  Examples 
of facilities in question are described below. (Vol. 1, pg. 3-59) 

The MTR Stack (TRA-710), the Hot Cell (TRA-632), Science & 
Technology Building (TRA-604), alpha Wing Addition (TRA-661), and the 
ATR stack (TRA-771) have not been evaluated for particulate losses in the 
sample delivery lines, sampling probe integrity, and the proper placement 
of the sampling probe. Sample delivery lines are typically too long and 
possess 90 degree bends. A study has not been conducted to determine 
whether or not the sample collection flow is isokinetic.  An EG&G internal 
review of the ATR stack stated that ‘there is no evidence that 
representative samples are taken.’  (Vol. 1, pg. 3-59) 

Flow rate measurements are not taken for the TRA-604 stack sampling 
system as required by DOE 5400.1, Chapter IV, Section 5.a.(2).  The 
Sampling system flow rate is determined by the power of the motor 
providing the suction. This method also fails to correct for flow rate 
changes due to filter loading or equipment malfunctions.  (Vol. 1, pg. 3-59) 

The CFA laundry fails to take flow rate measurements at the beginning 
and end of each sampling period to account for dust loading (I-R-204).  
Additionally, during air sample filter analysis, the wrong alpha self-
absorption factor was being used per EG&G Idaho procedures (R-223).  
These factors will cause an underestimation of the effluent release 
concentrations. (Vol. 1, pg. 3-59) 
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The air sample extraction systems on the stacks at PBF-WERF Incinerator 
and TAN Hot Cell/Hot Shop have not been evaluated for particulate losses 
resulting in the sample delivery line (I-R-257, I-R-274). (Vol. 1, pg. 3-59) 

The TAN Decontamination Shop Stack was found to have no stack 
monitoring system after the high efficiency particulate air (HEPA) 
filtration. This facility is not presently utilized.  (Vol. 1, pg. 3-59) 

The RWMC Drum Vent System stack monitoring system has not been 
evaluated for particulate losses in the sample delivery line.  The sample 
delivery line possesses three 90 degree bends, and is approximately 
20 feet long. This facility is currently not in use and a larger facility is 
expected to house the operation, however, without any planned upgrades 
to the stack monitoring system other than extending the stack height.  
EG&G Idaho has determined that this facility will be required to perform 
continuous monitoring under NESHAP when operational and , hence, the 
stack monitoring system will be required to conform to 40 CFR 61.93 and 
ANSI N13.1-1969 (I-R-427).  It currently does not meet these standards.  
(Vol. 1, pp. 3-59 and 3-60) 

The Main Stack and FAST stack continuous, on-line radiological 
monitoring systems for airborne effluents collect samples of the 
particulate in the stack gas through the use of a slip-stream.  The slip
stream is drawn at a constant flow from the primary sample delivery line, 
and particulates are collected on a bulk filter.  The slip-stream sample 
delivery line extends away from the primary sample delivery line at a 45 
degree angle incident to the direction of the flow.  This primary sample 
delivery line has been characterized for particulate losses during routine 
operations and unplanned release events (R-477).  However, the 
particulate losses and the adequacy of the slip-stream design to respond in 
a timely manner during an unplanned release event has not been 
determined. (Vol. 1, pg. 3-61) 

The stack monitoring delivery systems at the NWCF have not been 
evaluated for particulate losses in the sample delivery lines from the 
calciner and the HVAC system and have not been evaluated to determine 
whether the sample flow rate is isokinetic.  The sample delivery lines 
exceed 30 feet in length and have at least three 90 degree bends.  (Vol. 1, 
pg. 3–61) 

ICPP identified 49 sources that were evaluated for radioactive air source 
emissions as part of the document prepared for the NESHAP waiver.  This 
document presents the release rates prior to abatement for sources of 
radioactive air emissions in worksheet form.  Some of the abated release 
rates provided by ICPP are not consistent with what is reported in 
previous Environmental Monitoring Reports.  For example, the NESHAP 
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emission report presents the FAST stack unabated release for tritium as 
2.31 curies, which does not reflect operating conditions.  The 1987 and 
1988 Annual Monitoring Reports present the measured releases for 
tritium as 480 and 183 curies, respectively. ..  Approximately 150 air 
radioactive emission sources were presented in INEL’s Air Emission 
Inventory. As a result of INEL’s review of source terms, only three 
sources of radioactive emissions were only slightly below the limit 
requiring continuous monitoring (e.g., 0.067 mrem/yr from Vent 008 at 
CPP-627) and were rejected as requiring continuous monitoring 
(continuous monitoring required at 0.1 mrem/yr).  Considering the above 
deficiencies in source term characterization, the potential exists that other 
sources of radioactive air emissions at INEL may require continuous 
monitoring as prescribed in 40 CFR 61.93 in addition to those already 
identified. (Vol. 1, pg. 3-67) 

Given these deficiencies in the INL stack monitoring and air sampling systems identified 
by the DOE Tiger Team audit, it is unlikely that the INELHDE results would be complete 
and representative of the actual effluent releases from different INL facilities.  This 
would further impact the quality and the validity of the dose assessments.  NIOSH should 
evaluate the uncertainties associated with these issues, so that the recommended worker 
intake values from environmental releases would be truly claimant favorable.  In 2003, 
SC&A performed a study of radioactive release source terms for two major INL 
programs for the CDC (SC&A 2003).  This study reviewed stack monitoring data and 
uncertainties associated with the data.  SC&A provided this report to NIOSH for use in 
the preparation of the INL site profile. 

(2) During the site expert interview conducted by SC&A, INL environmental staff indicated 
that other unplanned (episodic) releases occurred at different facilities that are not 
included in the INELHDE. Therefore, they are also not included in the NIOSH TBD.   
For instance, there was an incident at the INTEC (ICPP) in the early 1990s where 
particulate releases were observed as a result of a new steam cleaning process of the CPP 
stack. The airborne material released was believed to be Cs-137 attached to white 
insulation material.  Measurable radioactivity was associated with these releases.  This 
information is not included in the TBD for the use of dose reconstructions. 

5.1.1.1.2 Dispersion Model 

The Environmental TBD uses a mesoscale model (MESODIF), which employs an objective 
regional trajectory computational scheme, combined with the Gaussian diffusion equation for a 
continuous point source, to estimate dispersion for transport of releases.  It is a forward time-
marching Gaussian plume model in which successive, small plume elements (or puffs) are 
advected throughout the computational area.  The following quotations, taken from the 
INELHDE (DOE 1991a), describe the use of the mesoscale dispersion data from MESODIF 
model for the calculations of average ground level air concentrations at INL facilities: 
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Since 1973, meteorological information gathered from the 26-station INEL 
telemetry network in the Upper Snake River Plain has been evaluated annually 
using the MESODIF computer code. The results were illustrated in dispersion 
isopleth maps contained in annual INEL Site environmental monitoring reports.  
Adequate meteorological information was not available before 1973 or in 1978, 
when the telemetry system was being upgraded, to produce annual dispersion 
isopleth maps. For these years, the MESODIF computer code was run on a 9
year (1974–1983, but excluding 1978) set of meteorological data from the 
telemetry system. The resulting “average dispersion conditions” were used in 
computing the annual impact from operational releases before 1973 and in 1978. 
The annual dispersion isopleth maps prepared from the MESODIF computer code 
output were used from 1973 through 1989, except for 1978.  The annual average 
wind speed toward the inhabited location of highest annual average 
concentration from a point midway between the Idaho Chemical Processing Plant 
(ICPP) and Test Reactor Area (TRA) was estimated based on the joint frequency 
distribution of wind speeds. The wind speed distribution for 9 years (1974–1983) 
was used to estimate the annual average wind speed before 1984.  The annual 
distributions were used for this purpose beginning in 1984.  The detailed data 
from a grid of 176 points, on which the dispersion isopleth map is based, were 
used to calculate the ground-level dispersion coefficient at Atomic City, the 
location of the maximally exposed individual for the 9-year average.  This was 
done with a log-log interpolation from the four grid points surrounding Atomic 
City. (DOE 1991a, Appendix B, pg. B-9) 

MESODIF was also used to calculate dispersion coefficients for episodic events 
occurring at the INEL. The data flow for discrete episodic events is shown in 
Figure B-i. For these individual events MESODIF was run on a finer scale grid, 
grid point spacing of 2 mi as opposed to 5 1/3 mi for the annual operations.  
Available meteorological data for the years before 1967 were limited to wind 
sensor tower sites located at the Central Facilities Area (CFA) and Initial Engine 
Test (JET).  The accuracy of the plume trajectories calculated for the past events 
depends on how well these two wind stations were able to represent the actual 
winds affecting the plume.  It is reasonable to assume that the further the plume 
traveled from the wind tower locations, the less reliable were the calculations.  
Most of the events were initiated within a few miles of one of these sites, so the 
important initial portions of these calculated trajectories are considered 
reasonable representations. (DOE 1991a, Appendix B, pg. B-11) 

MESODIF is a trajectory model that specifically requires spatial information describing upper 
boundary layer meteorological conditions.  INL, however, does not have a real-time database 
that could be used in defining model trajectories.  This caused significant uncertainties in 
accurately estimating the dispersion of released materials.  This deficiency was noted in the 
DOE-HQ 1991 Tiger Team report (DOE-HQ 1991), a contemporaneous report of the INELHDE: 

The site has an adequate surface meteorological observation network, but does 
not conduct regular monitoring to describe meteorological conditions above the 
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heights of the surface meteorological towers, and does not have a complete upper 
air database. The INEL site encompasses 890 square miles and has only three 
meteorological towers with observation levels above 50 feet, two of which have 
observation levels at 200 feet and one at 250 feet.  The remainder of the boundary 
layer, above 250 feel to approximately 5,000 feet, is not characterized.  The INEL 
has numerous sources which utilize stacks equal to or greater than 200 feet to 
vent air emissions. Plume rise from these sources was frequently observed during 
this assessment to exceed 500 feet above the ground, and the air emissions are 
transported in an atmospheric region that that site is currently not 
characterizing…. Upper air data is available from the National Weather Service 
offices in Boise, ID and Salt Lake City, UT, but these data are not representative 
of the INEL site conditions given the close proximity and orientation of the 
mountains to the site. (DOE-HQ 1991, Vol. 1, pp. 3-56 and 3-57) 

RESL performs an analysis of all onsite monitor locations using the results 
generated by the mesoscale diffusion (MESODIF) model.  The MESODIF model 
is designed for transport distances of greater than 20 km.  This model is not 
appropriate for evaluating monitor locations within 20 km, and this type of model 
is not recommended by EPA-540/4-87-007 for evaluating appropriateness of 
monitor locations within these transport distances. (DOE-HQ 1991, Vol. 1, 
pg. 3-47) 

RESL has performed an evaluation of offsite monitors using the annual average 
results of the annual MESODIF and CAP-88 National Emission Standards of 
Hazardous Air Pollutants evaluation. As discussed in Finding A/CF-6, the lack of 
a representative upper air meteorological data for the INEL limits the accuracy of 
the MESODIF model because it requires upper air data to define representative 
trajectories for plumes. Without this data, it cannot be verified that offsite (>20 
km) monitors are located to be representative of maximum INEL related pollutant 
concentrations. (DOE-HQ 1991, Vol. 1, pg. 3-47) 

First, the mesoscale model used by INL in the INELHDE is only appropriate for evaluating 
dispersion coefficients for locations at greater than 20 km distance, and is not appropriate for 
those facilities that are within 20 km of each other.  It is definitely not suitable for determining 
dispersion of airborne releases within several hundred feet from a facility building or a stack.  
Many INL facilities, however, are within 20 km from each other.  Second, even for facilities 
located more than 20 km from each other, the dispersion coefficients calculated by this model are 
deficient and not representative. Third, and most important, the workers considered in this site 
profile are more impacted by the release plumes at the facility where they worked than those 
from more distant facilities; this mesoscale model is not capable of addressing such short 
distance dispersion coefficient factors.  NIOSH should re-examine the validity of the mesoscale 
model data used in the occupational environmental TBD. 
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5.1.1.1.3 Other Observations 

NIOSH should list the routine airborne release activities and associated uncertainties for each 
INL facility in the Occupational Environmental Dose TBD.  This data would be helpful for the 
dose reconstructors to assess whether the worker intakes are applicable to the claim they are 
considering. An example would be useful, showing how the worker exposure could be 
calculated using the release activities, uncertainty values, and weighting factors. 

5.1.1.2 Episodic Airborne Releases 

To determine onsite concentrations of radionuclides from episodic releases at INL facilities, 
NIOSH used the Radiological Safety Analysis Computer code, RSAC-6 (Wenzel and Schrader 
2001; Peterson 2004s) for the pathway calculations.  NIOSH employed the total list of 
radionuclides that are applicable to the respective episodic release from INELHDE.  In the 
Occupational Environmental Dose TBD, NIOSH developed three tables providing worker 
inhalation intake values (Bq/event) for important radionuclides for (1) seven criticality events 
(Table 4-10), (2) special tests (Table 4-11), and (3) initial engine tests (Table 4-12).  Peterson, in 
the environmental TBD supplement, wrote about the use of RSAC: 

For the INEEL technical basis document (TBD), the RSAC program was used 
primarily for calculating on-site meteorological dispersion parameters for the 
various airborne release incidents; radiological doses due to these airborne 
releases was a minor additional calculation and was originally to be 
incorporated into the TBD only as an indication of the magnitude of the dose 
since they were relatively small and easy to calculate.  These doses were 
originally incorporated into the TBD to be an indicator to the dose reconstructor 
only of the magnitude of the relative doses.  They were removed as a result of 
reviewer comments.  (Peterson 2004s, pg. 7) 

The RSAC program has the ability to calculate a fission product inventory for a 
given reactor operation (or a criticality) that is comparable to an ORIGEN fission 
product inventory calculation, the industry standard.  The program can then 
tailor modeled releases to emulate actual releases from the standpoint of material 
released, attenuate the material by filters or by holdup within a volume 
containment, and for the rate of release, either instantaneously or over a period 
of time. The program provides the option to use various types of meteorological 
diffusion and contains the meteorological parameters applicable at the INEEL, 
all of which are based on the Gaussian plume model.  From the meteorologically 
dispersed material, the program calculates, according to the ICRP 26 and ICRP 
30 methodology, radiological doses from the ingestion, inhalation, air-immersion, 
cloud-gamma, and deposition pathways to 19 different organs of the body and a 
corresponding external effective dose equivalent (EDE) or a committed effective 
dose equivalent (CEDE) to the whole body, depending on the pathway for dose 
calculation. All of the doses discussed here were calculated with default 
parameters (plume centerline, particle size, solubility, etc.) such that radiological 
doses are maximized.  (Peterson 2004s, pg. 7) 
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The code has been extensively used for safety analysis work at the INEEL since 
1965 when it was used for dose calculations for the Safety Analysis Report for the 
Advanced Test Reactor. After the publication of the INELHDE (DOE 1991[a]), 
the Centers for Disease Control (CDC) and the State of Idaho instigated a 
technical review of the methodology for the analyses for this report. As a result of 
this technical review, minor changes were recommended in some of the airborne 
source terms. These minor changes did not change the total curies released, but 
added small amounts of other radionuclides and respective quantities to earlier 
years where detection had not been as ‘low level’ as in the more recent years.  In 
the course of the review, the Radiological Assessment Corporation (RAC) 
examined the RSAC-4 program that defined the radiological doses for each of the 
releases. (Peterson 2004s, pg. 8) 

SC&A considers use of the RSAC code and underlying model adequate for calculating 
dispersion factors and the resulting dose to workers. 

5.1.1.2.1 Completeness and Quality of Episodic Releases Data 

The airborne releases associated with several of the Initial Engine Tests (IETs 3, 4, and 10) of 
the Aircraft Nuclear Propulsion (ANP) Program, as estimated by the INELHDE, were likely to 
have been underestimated as follows: 

• 	 IET 3 – underestimate of total radionuclide release by up to a factor of about 3 

• 	 IET 4 – underestimate of noble gases by up to a factor of about 16, halogens by up to a 
factor of about 7, and solids by a factor of up to about 2 

• 	 IET 10 – underestimate of total radionuclide releases by up to a factor of about 7 

These concerns were cited in the SC&A report, A Critical Review of Source Term for Select 
Initial Engine Tests Associated with the Aircraft Nuclear Propulsion Program at INEL (SC&A 
2003, -g. 2-24), which states the following: 

The HDE Task Group acknowledged the absence of available raw effluent data as 
well as the deficiencies/limitations of summary data contained in the report by 
Thornton et al. (1962b).  The HDE, therefore, modeled release estimates that 
were principally based on historical operating records and photographic 
evidence, which characterized the extent of fuel damage to the HTRE No. 1 
reactor core. … Embedded in the HDE model of radioactive releases are several 
assumptions that potentially may have underestimated the true release quantities 
of fission products. Identified below are four key model parameters whose values 
may have differed significantly from those assumed by the HDE. 
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5.1.1.2.2 Other Observations 

Similar to the problem with routine releases, NIOSH should list the episodic airborne release 
activities for each INL facility used in the Occupational Environmental Dose TBD.  
Uncertainties associated with the release activities should also be provided.  This data would be 
helpful for the dose reconstructors to assess whether the worker intakes are applicable to their 
claim.  An example may be given showing how the worker exposure could be calculated using 
the release activities, uncertainty values, and weighting factors. 

5.1.1.3 Direct Gamma Exposure 

For direct gamma exposures to environmental releases, NIOSH used facility fence-line TLD 
measurement data from Environmental Monitoring Data Reports (EMDRs) between 1972 and 
1983. The environmental gamma dose values (in the unit of mR) are presented for 11 facilities 
in environmental TBD Table 4-13:   

Monitoring locations, established for the 1950s and 1960s, are shown on 
Figure 4. As shown on this map, the 118 area film badge locations completely 
surround the IET testing area and effectively monitor gamma/beta releases from 
other facilities at the INEEL. Results of film badge monitoring for the 4th quarter 
of 1960 from 340 badges, pulled on a monthly basis, showed the average gamma 
reading to be <20 mrem/month and the beta to be <10 mrem/month. The 
maximum gamma was 40 mrem/month and the maximum beta was 
20 mrem/month, but locations for the maximum readings are unknown.  Film 
numbers and environmental readings are provided in Table 7-1.  (Peterson 
2004s, pg. 30) 

It should be mentioned that the above table gives data principally for off-site 
locations.  However, especially during the early years, the data do include on-site 
locations.  These locations were primarily along the highways; at the north end of 
the Site, along highways 22, 28, and 33, and at the south end of the Site, along 20, 
26, and along Lincoln Boulevard, which runs north-south through the Site.  To 
illustrate, the H&S Division 1959 Annual Report (AEC 1960) briefly summarizes 
the onsite gamma monitoring program (pg. 120): (Peterson 2004s, pp. 30 and 32). 

Film badges were located at 30 stations throughout the NRTS as a means 
of area monitoring for external radiation.  Fig. LIII shows the average 
monthly dose in millirem due to gamma radiation.  Estimates of external 
doses downwind of ICPP as the result of the criticality incident of October 
16, 1959 were determined by this program. 

A 1970 environmental report (AEC 1970, pg. 3) states:  (Peterson 2004s, pg. 33). 

Only the TLD’s located on the highways passing through the NRTS 
boundaries received exposures statistically above the background level.  
The highest exposure was 26 mrem for the six month period from 
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November 1969 through April 1970. Trucks carrying radioactive 
shipments on the NRTS highways are the likely cause of this exposure, 
which is 15% of the standard. 

For the period described, 69 TLDs at 69 locations were placed, retrieved, 
and read; 35 along highway 20 at the south end of the Site, 18 along 
highway 88 and 5 along highway 28 which are both at the north end of the 
Site, and 11 along highway 22 which runs north-south along the western 
lower half of the site.  All TLDs, except those along highway 20, averaged 
20.9 mrem. Those along highway 20, the highway between CFA and 
Idaho Falls, Idaho, averaged 26 mrem. Since most radioactive shipments 
would come through Idaho Falls to CFA, the quoted statement about 
radioactive shipments is reasonable. 

In addition to the exposure readings described above, TLDs were placed around 
the major facilities at the NRTS and were used to measure the radiation exposure 
between 5/1 and 11/1/70. For example, 8 TLDs were placed around the EBOR
LPT facility with the highest reading of 19 mrem above background and the 
average being 12.9 mrem. Around the burial ground there were 18 TLDs with a 
highest reading of 760 mrem above background and an average of 257 mrem. At 
CFA, 4 TLDs averaged 16.8 mrem above background with the highest being 
20 mrem. At the TRA in 1970 there were 15 locations shown on Figure 6.  At 
badge location #8 the badge reading was lost, but the other 14 readings averaged 
74.9 mrem. The highest reading was for location #10 (300 mrem), which is on the 
perimeter of the “north storage area” where contaminated or mildly activated 
items were stored. TLD locations #1 through #5 are along Monroe Blvd. where 
radioactive shipments come into and leave TRA and average 87.8 mrem.  Of these 
5 TLDs, #3 and #4 are in one of two of the predominant wind directions and are 
most probably influenced by the effluent of the ETR and MTR stacks; they read 
110 and 130 mrem, respectively. Location #13 is practically adjacent to the ATR 
stack and reads 31 mrem above background. Badge #15, located on the fence 
southeast of the ATR reactor building, is at a location that would ‘see’ 
radioactive shipments coming into and leaving the TRA.  Also, as radioactive 
shipment drivers are processing in and out of TRA, their shipments, sitting 
outside the guard gate, are influencing the exposure of badge #15.  Also, the 
gamma irradiation facility is located just south of the TRA Guard Post #1, where 
the TRA badge rack is located. Badges #12 and #14 have the lowest readings, 16 
and 18 mrem, respectively, and are probably most representative of the higher 
exposures for personnel within the TRA not performing “radiation worker” work. 

Between the latter part of 1970 and the latter part of 1972, facility fence 
monitoring and facility locations had been established.  Beginning in 1972 facility 
fence TLD measurements, made on a 6-month basis, are available in the 
Environmental Monitoring Data Reports (EMDRs) that were not made “public” 
but were sent to the contractor H&S managers.  The data retrieved from these 
reports from 1970 to 1983 are tabulated in Table 7-2.  For the years 1984 
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through 1992 facility fence TLD measurements could not be located, but for 1993 
and beyond, facility fence TLD measurements are again included in the 
INEL/INEEL EMRs. Background TLD measurements, corresponding with the 
facility fence TLD measuring periods, were also recorded in the respective EMR. 
All of the facility fence TLD data located is presented in Table 7-2. 
(Peterson 2004s, pg. 33) 

As shown in the table, all data for 1984 through 1992, is highlighted … to 
indicate data that had to be added by extrapolation.  For all facilities except TRA 
and ICPP, extrapolated data is the average of TLD data for that facility from 
1993 through 1999, “0s” excluded.  For example, the extrapolated values for 
TAN-TSF is the average of four TLD-Bkgd values, 18, 4, 14, and 3, i.e., 39/4=10. 
For TRA and ICPP there is a downward trend in the readings with time. 
Therefore, for these two facilities, the bottom four values (1989 through 1992) are 
the averages of the 7 values below and the top five values (1984 through 1988) 
are the averages of the seven numbers directly above.  Background values are 
provided in the last column of the table. (Peterson 2004s, pg. 34) 

First, NIOSH believes the fence-line TLDs adequately measured worker doses from direct 
beta/gamma radiation from the facility and also gaseous effluents released from the facility or 
from adjacent facilities (TBD, pg. 22).  This is only valid, however, for the portion concerning 
“gaseous effluents released from adjacent facilities.”  For “direct beta/gamma radiation from the 
facility” and for “gaseous effluents released from the facility,” the TLD measurements are not 
representative of what a worker would receive while working at or around the facility within the 
fence-line boundary. In fact, the TLD measurements would be too low to be representative since 
the fence-line TLDs were situated too far away from the locations of the workers and the source 
terms.  Second, the TBD indicates that there was general contamination of the surrounding 
facility ground due to facility operations and release depositions.  However, the TBD does not 
provide any data or instruction for dose reconstructions to account for this missed dose that 
would not be picked up by the fence-line TLDs. Third, NIOSH believes that it is unnecessary 
for the dose reconstructors to calculate missed dose due to facility air immersion from noble gas 
and halogen releases because they would have been measured by the fence-line TLDs.  This 
assumption is not supported by any data.  In addition, there are not enough fence-line TLDs to 
cover the facility ground to measure all potential air immersion releases.  

5.1.1.3.1 Validity of the Fence-Line TLD Direct Gamma Values 

Table 6-1 of the Occupational External Dose TBD presents the fence-line TLD direct gamma 
values for eleven facilities from 1952 to 2002.  The values are calculated as mean values of 
several TLD measurements.  Each of the TLD measurements has an uncertainty of one standard 
deviation. NIOSH should evaluate the resultant uncertainty associated with these values. 

Most important, a more recent INL Environmental Monitoring Fact Sheet, Direct Radiation 2004, 
shows different direct gamma values. In particular, for TRA, it presents much higher values 
from 2000 to 2002:  126 mrem for 2000, 172 mrem for 2001, 133 mrem for 2002, as compared 
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to 40, 27, and 34, respectively, from Table 6-1.  These are significant differences. NIOSH should 
re-examine the direct gamma values, as well as the background values used in the TBD. 

5.1.1.3.2 Weakness of Fence-Line Monitoring Systems 

INL uses fence-line environmental TLD systems to monitor environmental releases from routine 
operational releases and episodic releases. These TLD systems are commonly used in all other 
DOE facilities and commercial plants, and, in general, are accurate and easy to use.  However, 
they are intended for providing data for evaluating potential exposures to offsite populations 
around the INL area; they are not located or intended for providing exposure data for onsite 
workers. Therefore, the issue is whether these fence-line TLDs are measuring the environmental 
doses to personnel working at or around the facility where the release is originating.  

According to Table A1 of RAC 2002, the stack heights of various facilities at INL range from 
9.1 m (ARA) to 76.2 m (ATR and ICPP, respectively).  With lower stacks, the possibility of 
onsite plumes during routine or episodic releases is higher.  The worker exposures would be 
increased depending on the type and quantity of releases.  NIOSH should evaluate this issue to 
determine the worker exposure to onsite plumes, especially since the fence-line TLDs would not 
be capable of identifying the doses to personnel who were working in the path of these ground-
level plumes within or around the facility.  Mostly likely, the radioactive particulates of these 
ground level plumes would settle partially on the ground of the originating facility.  Therefore, it 
is also necessary to evaluate the worker exposures to the resuspension of these ground 
depositions of the ground-level plumes and their accumulation over the operating years of the 
facility.  For example:   

(1) For a ground-level radioactive halogen plume emitted at the facility where a worker was 
located, the fence-line TLD data would not be representative of the worker’s immersion 
doses. 

(2) As a facility ages, radioactive sources tend to accumulate around it, causing the general 
facility background to increase with time.  The fence-line TLD data would not be 
representative of the actual direct gamma doses to workers working within the fence-line 
boundary because the workers were closer to the sources than the TLDs. 

(3) During the site interviews, INL management personnel indicated that they have soil 
sampling data, site survey reports, and facility baseline studies.  NIOSH could develop a 
facility background dose rate within the fence-line boundary for each facility. 

(4) 	 The INL environmental monitoring and surveillance program did not adequately monitor, 
evaluate, and report airborne effluents and ambient environmental conditions at INL 
(DOE-HQ 1991). The DOE-HQ Tiger Team observed deficiencies in the field sample 
controls, calibration and use of environmental monitoring equipment, and the use and 
storage of calibration standards. These deficiencies jeopardize the long-term reliability 
and integrity of the measurement process, and the validity of the monitoring data.  
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NIOSH should evaluate the representativeness of the fence-line TLD data for the onsite workers 
by comparing them to doses calculated from facility-specific on-ground radiation survey data, 
soil sampling data, and air sampling data. 

5.1.1.4 Other Observations 

5.1.1.4.1 Soil Sampling Data 

NIOSH did not evaluate soil-sampling data at different facilities to determine potential worker 
intakes from resuspension of radioactive materials deposited on facility grounds and fugitive 
emissions from radiologically contaminated soil piles. 

(1)	 As INL facilities age, cumulative depositions from effluent releases (both operational and 
episodic) on the grounds of each facility increase.  Personnel working outside the facility 
within the fence-line boundary would have intakes from inhaling resuspended radioactive 
particulates. During the site interviews, INL management indicated that there are soil 
sampling data, aerial survey reports, site survey reports, and CERCLA reports that would 
provide such information.  

(2) Radiologically contaminated soil piles were observed at the ICPP, PBF, and ARA 
facilities by the DOE-HQ inspection team.  These piles were enclosed by a rope barrier to 
prevent personnel from entering the area, but no mechanism was used to prevent 
windblown soil, as cited in a 1991 DOE Tiger Team Report (Vol. 1, pg. 3-69). 

(3) Dry evaporation, warm waste, and percolation ponds with radiologically contaminated 
soil could release fugitive emission, as cited in a 1991 DOE Tiger Team Report: 

The evaporation pond at the PBF was found to be dry during the 
inspection. It was noted that low-level radiologically-contaminated 
cooling tower water is released to the pond approximately twice a year. 
The pond would be dry for much of the year which may allow for wind 
blown contaminated soil being emitted from the pond. Other locations of 
dry ponds containing contaminated soil include the three warm ponds at 
the TRA, the percolation pond at ICPP, and the ponds at ARA. . 
(Vol. 1, pg. 3-70) 

According to Table A1 of RAC 2002, there are other ponds that may be major release 
points to the environment, including the following: 

a. ANL-W – 3 seepage ponds, leaching pits, and sanitary lagoon 
b. EBR-II – 1 industrial pond 
c. ARA – 2 surface depressions (1/3 acre and ½ acre) 
d. CFA – sewage plant tile drain field 
e. ICPP – 1 percolation pond and sewage plant to tile field 
f. LOFT – 1 pond 
g. NRF – 1 pond, 2 sewage ponds, and waste ditch 
h. PBF – 1 evaporation pond 
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i. TAN – 1 pond 
j. TRA – 2 ponds, 1 chemical waste pond and 1 leaching pond 

(4) Resuspension of radiologically contaminated soils in identified surface soil 
contamination at ICPP and other facilities due to wind blowing, personnel tracking, or 
vehicular activities, may cause significant worker intakes (Vol. 1, pg. 268). 

(5) Adequate protection for workers and the environment against the spread of radioactive 
contamination was not provided for known and potentially radiologically contaminated 
materials (or equipment) stored outdoors at INL facilities.  Outdoor radioactive waste 
storage areas existed at TRA, PBF, RWMC, WERF, and CFA (Vol. 1, pp. 3-269, 3-271 
and 3-273). 

(6) 	 The major contributor to dose at INL is radioactive gaseous releases.  The dose fraction 
resulting from radioactive particulate releases during routine operations may not be 
accurate. Therefore, the calculated dose to workers may not be as accurate as could be 
achieved. Dose calculated as a result of unplanned releases may not be accurate also.  
This is cited as a finding in the 1991 DOE Tiger Team Report (Vol. 1, pg. 236).  

(7) 	 Besides the contaminated soil piles, dry contaminated ponds, and contaminated 
equipment stored outdoors, several types of spills occurred at INL facilities that could be 
sources of resuspended radioactive material for worker inhalation exposure.  During the 
interviews, site experts indicated that they had been personally involved in many spills of 
radioactive materials and liquids during transportation, transfer of materials, and 
maintenance works. 

5.1.1.4.2 Multiplying Factors 

The suggested multiplying factors for intakes given in the Occupational Environmental Dose 
TBD may not be claimant favorable for the following reasons: 

(1)	 The multiplying factor of two for intake values due to operational releases is based on a 
suggestion in the INELHDE Report. The authors of the INELHDE, however, further 
suggested that the uncertainty could be higher when the annual normalized ground-level 
concentration values are applied to the operational releases.4 

(2)	 The multiplying factor of 3 for intake values due to episodic releases was based on 
suggestion of the authors of the INELHDE Report.  SC&A’s review of the INELHDE in 
2003 found the airborne releases associated with several of the Initial Engine Tests (IETs 
3, 4, and 10) of the Aircraft Nuclear Propulsion (ANP) Program were likely to have been 
underestimated as follows;  (1) IET 3 – underestimate of total radionuclide release by up 
to a factor of about 3, (2) IET 4 – underestimate of noble gases by up to a factor of about 

4 It should be noted that two of the authors of the INELHDE Report were also authors of the NIOSH INL 
Site Profile Report. 
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16, halogens by up to a factor of about 7, and solids by a factor of up to about 2, and (3) 
IET 10 – underestimate of total radionuclide releases by up to a factor of about 7. 

. 
(3) NIOSH performed an analysis to reduce the number of radionuclides from 56 to 9 for the 

operational releases. The 9 radionuclides retained contribute about 95% of the inhalation 
doses to the workers. However, it is not explained why this reduction is necessary, since 
a spreadsheet can readily calculate the inhalation doses for 56 radionuclides almost as 
fast as for 9 radionuclides. There seems to be no attempt in the TBDs to make the final 
inhalation doses claimant favorable by adding a multiplying factor of 1.05 to compensate 
for the missing 5% doses.  While this 5% may not be significant in most cases, there are 
many small percentage take-aways in the TBDs that could add up to a significant amount 
when the claimant dose is approaching the 50% POC threshold. 

(4) The uncertainty of measurements made with film badges and TLDs could be as high as 
100%. It is not clear whether the dose reconstructor should use a multiplying factor of 2 
for direct gamma doses. In addition, NIOSH should address angular dependence of the 
gamma doses due to sensitivity of dosimeters used, as the procedures provided in OCAS
IG-001 Appendix B were found to be in error (SC&A 2005, pp. 143–145).  It is essential 
for NIOSH to provide correction factors for dealing with angular dependence in the dose 
conversion factors used. 

(5) 	 It is indicated in the Environmental TBD that the 1952–1962 values for direct gamma 
doses at TAN-TSF, TAN-LOFT, and TAN-LPT could be low by a factor of 3 (TBD, 
pg. 25). It is not clear whether the dose reconstructor should use a multiplying factor of 3.  

(6) For direct gamma doses after 1967, the uncertainty could be as high as 20%.  	It is not 
clear whether the dose reconstructor should use a multiplying factor of 1.2. 

5.1.1.4.3 Breathing Rate 

The NIOSH TBD (Section 4.2.1, pg. 10) uses an annual breathing rate of 2.4 x 103 m3/yr rather 
than the 2.88 x 103 m3/yr (1.6 m3/hr for 1800 hr/yr) of ICRP 68 or the 8.0 x 103 m3/yr (RAC2002, 
pg. 38) of the NCRP. The TBD assumption appears less claimant favorable than the ICRP or 
NCRP assumptions. However, NIOSH believes the chosen breathing rare is applicable to a 
worker exposed to the environment, who is not breathing hard from strenuous labor.  NIOSH 
also believes that this choice of breathing rate was made uniformly for consistency for all the 
evaluated sites. This consistency choice is not claimant favorable for INL claimants.  There is 
also no data supporting the claim that INL workers exposed to outside facility environments are 
not breathing hard from strenuous labor.5 

5 At the time of the preparation of this report, SC&A was informed that NIOSH has addressed the issue as 
part of the latest revision of the Bethlehem Site Profile Report. 
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5.1.1.4.4 Naval Reactor Facility Data 

Although exposures to workers at the Naval Reactor Facility (NRF) located on the INL site are 
outside the scope of the dose reconstruction project, operations at the NRF have the potential of 
exposing personnel located outside the facility. Release data from the Naval Reactor Facility 
was deemed classified until recently.  The INELHDE Report assumed values for environmental 
release from this facility (Attachment 3) and identified four NRF releases (1955, 1975, 1976, 
1977) (DOE 1991a, pp. A-52 and A-55). In 2004, NRF provided environmental release and 
emission information to the INL Site.  NIOSH did request NRF environmental release 
documents from NRF more than 1 year ago.  These documents were redacted and ready to be 
picked up by Intrepid, a subcontractor to ORAU, the NIOSH dose reconstruction contractor.  
NIOSH has since indicated no further interest in this data.  SC&A believes that NIOSH should 
review this newly released data to improve estimation of the intake values and improve 
understanding of the origin of personnel exposure from NRF.  

5.1.1.4.5 Background Dose Subtraction 

It is confusing to compare INL fence-line direct gamma values provided in Table 4-13 of the 
environmental TBD with values given in Table 7-2 of the supplement to the TBD (Peterson 
2004s). The background values in Table 4-13, which are supposed to be subtracted out from the 
TLD values, are higher from 1970 to 1983; NIOSH does not explain of the differences.  To 
achieve claimant-favorable conditions, NIOSH should use the lower background values.  In 
addition, a more recent INL Environmental Monitoring Fact Sheet, Direct Radiation 2004, 
shows some different direct gamma background values for 2001, 2002, and 2003. 

5.1.1.4.6 Releases of Uranium and Its Daughters 

The Occupational Environmental Dose TBD indicates that an analysis was performed to reduce 
the number of radionuclides from 56 to 9 for the operational releases.  Actually, the TBD 
reduced the number of radionuclides from a total of 71 to 9 listed in the INELHDE for the 
operational releases. It also indicates that the dose contributions from these 9 radionuclides 
would represent 95% of the inhalation dose.  Similarly, the TBD reduces the number of 
radionuclides from a total of 52 to 15 for criticality events, 9 for special tests, and 7 for IETs.  
However, NIOSH does not provide any compensations or adjustments to the lost 5% 
corresponding to operational releases or whatever amount corresponding to the episodic releases. 

As a result of these reductions in the radionuclides considered, uranium and its decay daughters 
are not included in the worker intake value tables.  The concern may be less significant if we 
consider only the dose impact to workers at a facility distant from the (release) source facility.  
However, as already pointed out in the above discussions, the workers would receive 
considerably higher doses from inhaling released radioactive material in a ground-level moving 
plume or resuspended contaminated material from ground deposition at the facility where the 
workers were located. Inhalation, ingestion, or oro-nasal intake of uranium and its daughters 
might then be a significant issue.  NIOSH should re-examine the potential missed worker dose 
due to intake of uranium and its daughters. 
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5.1.2 Occupational Internal Dosimetry Issues 

The NIOSH INL occupational internal dosimetry TBD reflects an extensive and thorough review 
of selected existing documents related to INL internal dosimetry programs, bioassay records, and 
reports. NIOSH interviewed INL Dosimetry Department staff and requested individual 
dosimetry records and documentation.  NIOSH also interviewed some workers and retirees as 
part of an outreach program after the TBD was done.  However, NIOSH (apparently) did not 
look at or use facility-specific field logs, RWPs, PEQs, facility survey reports, incident reports, 
occurrence reports, contamination reports, and ALARA records.  

The authors of the Occupational Internal Dose TBD display confidence in the past and current 
INL radiological protection programs and its implementation, the accuracy of the internal 
dosimetry programs including whole-body counting and bioassay program (both routine and 
event specific), and the dosimetry record-keeping systems.  During the site interviews, the INL 
Dosimetry staff showed similar confidence: 

Except for several criticalities, there has been no significant radiological control 
incident for more than 55 years of operations.  The site records anomalies, 
personnel contamination, skin exposure, and over-exposure incidents on a 
Personnel Exposure Questionnaire (PEQ) form.  For example, a lost dosimeter by 
a worker would trigger a PEQ process. Anyone onsite can issue a PEQ, but they 
are usually generated from the Radiological Control Organization.  In the case of 
skin exposure evaluations, the PEQ will be placed in the dosimetry record.  Other 
PEQs are stored together and are not placed in the dosimetry file.  If there was a 
dose adjustment as a result of a PEQ evaluation, this would be noted in the 
electronic dosimetry database. The PEQ itself is not provided to NIOSH as a part 
of the claimant packet.   

Personnel contamination reports are maintained as a field record.  Only the 
exposure assessment is maintained in the dosimetry record.  This includes 
primarily dosimetry information such as organ doses, radioisotopes of concern, 
total doses for the events, and bioassay results. 

It is important to point out here that many records and data pertinent to the worker claims are not 
included historically in the workers’ files.  These potentially missing records and data include 
personnel contamination reports, PEQs, RWPs, incident reports, and occurrence reports.  For 
example, in the DOE record of some workers, the only indication of an incident is a brief 
comment on the bioassay report. No PEQ, incident report, or personnel contamination record are 
available to ascertain the details of the incident that may affect the dose reconstructions; this is 
apparent, for example, in two case reports that SC&A examined.6,7 

Based on historical internal exposure source terms and known exposure incidents (both in-vivo 
and in-vitro records) at 13 specific INL facilities, the TBD identifies radionuclides of concern for 

6 Case No. 11654 from Idaho National Laboratory, Dose Reconstruction in progress. 

7 Case No. 10689 from Idaho National Laboratory, Dose Reconstruction Approval Date February 26, 2004. 
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key INL facilities and develops potential inhalation intakes for workers.  Among these inhalation 
intakes, NIOSH recommends a set of defaults for specific radionuclides (such as Cs-137, Sr-90, 
Ce-144, Pu-238, or Pu-239) with weighting factors for the missed dose calculations based on 
urine, gross beta, in-vivo, and other bioassay data.  The dose weighting factors are intended to 
account for missed inhalation dose from the other radionuclides.  However, these weighting 
factors may not be claimant favorable, because there are no uncertainty evaluations for the 
missed doses and their weighting factors.  

NIOSH’s missed dose defaults are developed for four time periods; (1) start up through 1960, 
(2) 1961–1970, (3) 1971–1980, and (4) 1981 to present. For the first two time periods, NIOSH 
recommends defaults for two components:  (1) workers at all INL facilities; and (2) workers at 
TRA. For the third time period, NIOSH recommends defaults for five components; (1) workers 
at all INL facilities, (2) workers at INTEC and unknown locations, (3) workers at ANL-W, 
(4) workers at other locations, and (5) workers at TRA.  For the last time period, NIOSH 
recommends defaults for four components; (1) workers at all INL facilities except ANL-W, 
INTEC, and SMC, (2) workers at ANL-W, (3) workers at INTEC and unknown locations, and 
(4) workers at SMC. These missed dose defaults are inhalation doses only.  There were no 
considerations given for potential ingestion or oro-nasal doses for uptakes due to unplanned 
events or specific exposure incidents. 

The missed internal dose defaults are presented in Table 5.7-1, and are to be applied to dose 
reconstructions according to the following condition: 

If the bioassay records do not include the radionuclide analyses and only record 
gross beta or alpha results, default assumptions are described in the following 
text (pg. 8). 

NIOSH’s key assumption for dose reconstruction of missed dose is as follows: 

If claimant file includes positive external dosimeter readings, they should be 
treated as radiation workers and the default internal missed dose is applied as 
outlined in the table. If no detectable external or internal dose information is 
recorded, only the environmental dose should be included.  (TBD, pg. 37) 

Another key assumption that NIOSH makes in the TBD is that claimant files are all complete 
with all documented incidents and internal doses included.  NIOSH believes that the inclusion of 
these outlined missed doses would fill any gap in the information for undocumented missed 
worker internal doses. 

In addition, the TBD specifies a guideline for dose reconstruction:   

When there is no evidence in the incident file or the individual’s dosimetry file 
that an individual was involved, and no other supporting evidence supporting that 
an individual was involved in the accident, it should be assumed that the 
individual was not involved in the incident. (TBD, pg. 8) 
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It is ironic that the above guideline dictates how the completeness or the incompleteness of the 
incident file or the individual’s dosimetry file would become conclusive evidence supporting that 
an individual was not involved in the accident.  But, at the end of the TBD, NIOSH amends its 
guideline somewhat to read the following: 

Thus the probability that a worker received a significant unmonitored internal 
intake of radioactive material is very low.  It is recommended that workers who 
have no recorded internal dose and wore a personal dosimeter be treated the 
same as a worker who was monitored but had no bioassay results exceeding 
reporting levels. It is further recommended that individuals that were not issued a 
personal dosimeter and have no record of internal dose monitoring be assigned 
only the environmental dose for the facility.  (TBD, pg. 39) 

The following enumerates and comments on some of the pertinent information NIOSH has 
included in the internal dose TBD: 

(1) 	 NIOSH evaluates recorded internal doses for 1992–2000 in Table 5.1.4-1.  This table also 
provides radionuclides of concern at the major INL facilities in recent years, but it is 
quite inadequate for dose reconstructions, with almost 42 years of missing internal dose 
data from 1949 to 1991.  It also does not provide radionuclides of concern for all INL 
facilities.  Furthermore, there are no instructions for dose reconstructors on how to use 
these internal dose data. 

(2) 	 NIOSH summarizes the primary radionuclides of concern at INL in Table 5.1.4-2.  This 
table also lists the default solubility class and identifies the preferred bioassay techniques 
for the radionuclides.  The TBD indicates that the default assumption of M or S should be 
used, based on the most claimant-favorable result to the organ in question. 

(3) 	 NIOSH summarizes the history of internal dosimetry efforts at INL and concludes the 
following: 

The largest internal exposures at INEEL have resulted from accidental 
intakes associated with episodic events or planned major releases, for 
which the time and characterization of the materials of the intakes were 
well known. These exposures were documented in each exposed 
employee’s file. (TBD, pg. 8) 

Most internal doses have been identified following an incident rather than 
as a result of routine bioassay measurements.  (TBD, pg. 9) 

The internal dose reconstruction for personnel who have worked at a 
number of INEEL facilities should rely on specific bioassay data 
(radionuclides, quantities, etc.) when available. (TBD, pg. 12) 
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These conclusions lead to NIOSH’s missed internal dose approach.  However, they are 
consistent with the findings of the DOE-HQ Tiger Team and DNFSB audits, as well as 
the information provided by the site experts interviewed. 

(4)	 NIOSH believes that there has been “a basic level of site wide consistency in the internal 
dosimetry programs applied to INEEL facilities and programs, and particularly the 
bioassay analytical techniques and calculational processes” (TBD, pg. 12).  However, this 
conclusion is not consistent with the information provided by the site experts interviewed. 

(5)	 NIOSH believes that the internal dose records at INL are adequate and effective to 
support the dose reconstruction process. This is again not consistent with the findings of 
the DOE-HQ Tiger Team and DNFSB audits, as well as the information provided by the 
site experts interviewed. 

(6) 	 NIOSH summarizes the routine bioassay history at the INL Site in Table 5.2.2-1, which 
provides the type of bioassay (in vitro, in vivo, urine, or fecal), frequency, group of 
worker sampled, investigating level, and sources of information.  It covers the operating 
years of INL from 1953 to 2001.  The table shows that individual data sheets were 
reviewed to determine the bioassay programs between 1953 and 1981.  After 1981, 
several technical papers were used as the sources for bioassay program information, and 
it is explained in the TBD why individual data sheets were not reviewed.  It is also 
interesting to point out that the RCIMS database was not referenced or used in any way in 
this table. 

(7) 	 NIOSH believes the INL internal dose information, including the calculated internal 
doses as well as the in vitro and in vivo individual bioassay results, is in full compliance 
with Federal regulations. NIOSH believes “all (negative as well as positive) bioassay 
data were recorded in the individual dosimetry files” (pg. 15).  This presumption leads to 
NIOSH’s approach in this TBD, but is inconsistent with the findings of the DOE-HQ 
Tiger Team and DNFSB audits, as well as the information provided by the site experts 
interviewed. 

(8) The TBD indicates that, 	“during the early years internal dose was usually considered 
separately from external dose in terms of meeting specific exposure limits and the 
calculated dose was only reported and documented if specific dose level were exceeded 
(AEC/ERDA 0524, 1968–1977, required periodic urinalyses and/or in vivo counting 
and/or evaluation of air concentrations if the whole body dose or dose commitment could 
exceed 300 mrem in a calendar quarter).  Changes in the reporting levels did not 
generally result in changes to the air monitoring and bioassay sampling programs.  Each 
individual analytical result was documented and placed in individual exposure files 
regardless of the formal reporting requirements” (TBD, pp. 15–16).  NIOSH believes and 
concludes here that the air monitoring programs, bioassay sampling programs, and 
worker exposure record-keeping programs at INL are consistently effective and complete. 
This conclusion again is inconsistent with the findings of the DOE-HQ Tiger Team and 
DNFSB audits, as well as the information provided by the site experts interviewed. 
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(9)	 NIOSH lists the possible internal dose assessment information that may be in claimant 
files after 1989 in Table 5.2.4-1, and before 1989 in Table 5.2.4-2.  There are many 
differences in the details of the information provided between the two periods.  The TBD 
also provides other analytical information in Table 5.2.4-3 and area coding used in the 
claimant dose files in Table 5.2.4-4.  In Table 5.2.4-5, NIOSH lists the derived 
investigation levels (µCi) in 1977 for 15 primary radionuclides of concern at INL for 
acute exposures, which represent one-tenth of the then quarterly radiation standard.  
However, the TBD does not provide guidance on how to fill the data gap if any 
information essential to the dose reconstruction is missing from the claimant’s files.  

(10) NIOSH presents a history of surface contamination control and MDAs used at INL, 
including an effective air monitoring program with the use of CAMs, gamma counting of 
bioassay samples, urinalysis, fecal sample analysis, and whole-body counting.  
Table 5.3-1 of the TBD lists the control levels and detection techniques for surface 
contamination and corresponding MDAs for INL between 1952 to present.  However, 
NIOSH states the following: 

The consistent NRTS/INEEL policy and practice was to require 
respiratory protection on jobs when the possibility of generating airborne 
contamination was thought to exist, regardless of the actual measured air 
or surface contamination. These practices influence the assumptions 
related to dose evaluation in internal dose reconstruction.  (TBD, pg. 18) 

NIOSH should perform uncertainty analyses on the contamination control equipment and 
analytical capabilities at INL.  The uncertainties due to the sensitivities of the equipment 
and practices are essential for dose reconstruction, especially for the early days of the lab 
when the equipment was not as accurate and the program practices were less rigorous. 

(11) NIOSH believes “workers were asked to submit to bioassay whenever they were in an 
area in which a CAM alarmed” (TBD, pg. 19). NIOSH should review site audit and 
inspection reports by DOE-HQ (Tiger Team), DOE-ID, and DNFSB.  A 1991 Tiger 
Team report found the set point for CAM alarms was faulty.  Site experts interviewed 
indicated that the practices at some INL facilities frequently ignored CAM alarms. 

(12) NIOSH presents some urinalysis results for 1959, 1960, and 1961 in Table 5.3.2-1 of the 
TBD, and summarizes the numbers of urinalyses performed and the highest results for 11 
primary radionuclides of concern, as well as gross beta and gamma exposures.  These 
urinalyses were limited to data from 1959, 1960 and 1961.  NIOSH should provide more 
information for post-1961 years that constitutes almost 45 years of site operations.  

(13) Instead of evaluating the analytical sensitivities of the INL bioassay equipment and 
adequacy of procedures, NIOSH applies environmental sample analysis detection limits 
and sensitivities for water (alpha, beta, and tritium) and milk (I-131, Sr-90) to INL 
special and routine bioassay sample analyses.  The TBD lists the detection limits 
applicable to environmental sample analyses from 1953 to 1965 in Table 5.3.2-2.  It is 
not clear how dose reconstructors should use these data; should they also apply them to 
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post-1965 analyses?  NIOSH should provide equipment-specific and method-specific 
information.  The broad application approach taken lacks technical validity, as well as 
data support. Not only is it limited to the period of 1953 to 1965, but also equipment and 
practices changed significantly after 1965.  NIOSH should perform uncertainty analyses 
on the bioassay equipment and analytical capabilities at INL.  The uncertainties due to 
the sensitivities of the equipment and analytical methods are essential for dose 
reconstructions, especially for the early days of the site when the equipment was not as 
accurate and the analytical methods were less rigorous than they became in later years.  

(14) In TBD Table 5.5-1, NIOSH presents a single set of whole-body counting summary 
statistics for INL workers in 1963, showing the number of times reported, number of 
individuals, and maximum activity (µCi) for 24 radionuclides of concern at INL.  The 
TBD states that, “the maximum activity detected provides an upper bound on how large 
an activity might be found in someone in earlier years before the whole body counter was 
operational” (TBD, pg. 23). Since the table only shows data from 1 year of operations, 
NIOSH should compile data for all post-1963 whole-body counting statistics.  In addition, 
NIOSH has stated repeatedly in the TBD that the worker exposures were comparatively 
worse in the early years, due to the nature of the operations and the improvement in 
instrumentation, program standards, and methodologies.  Therefore, the maximum 
activity detected in 1963 may not represent an upper bound for exposures occurring in 
earlier years. 

(15) NIOSH evaluated 13 specific facilities to identify potential sources of internal exposures 
based on radionuclide activities from facility operations. 
• Test Area North (TAN) 
• Specific Manufacturing Capability Project (SMC) 
• Idaho Chemical Processing Plant (ICPP, now INTEC) 
• High-Enriched Spent Fuel Storage (CPP-603) 
• High-Level Waste Storage Tank Farm 
• High-Level Waste Calcination 
• Process Analytical Facilities 
• Spent Fuel Processing 
• Argonne National Laboratories – West (ANL-W) 
• Radioactive Waste Management Complex (RWMC) 
• Waste Reduction Operations Complex (WROC) 
• Test Reactor Area (TRA) Reactors 
• Test Reactor Area Laboratories  

Similar to the Occupational External Dose TBD, NIOSH should provide information on 
airborne concentrations and contamination levels in these facilities.  It would be even 
better if NIOSH could develop a list of high-risk (dose) jobs in each of these facilities. 

(16) NIOSH indicates that detailed particle size analyses were performed for SMC operations.  
The internal dose TBD states, “an AMAD of 2.4 µm is appropriate for typical SMC 
operations” (pg. 29), but NIOSH does not provide support information for this value in 
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the TBD. In addition, particle size analyses are not provided for the other 12 facilities. 
This omission could significantly impact the missed dose calculations for dose 
reconstructions. It is, otherwise, interesting to note that the Occupational Environmental 
Dose TBD indicates that, since there was no particle size analysis performed at the INL 
facilities, default values should be used for worker dose reconstructions.  The site experts 
interviewed indicated that a particle size study was completed for the calciner with a 
cascade impactor at ICPP by the field organization.  Particle sizes determined range from 
0.3 to 1 µm.  There is no other particle size study recently.  The default particle size for 
internal dose calculations is 1 µm AMAD.  

(17) NIOSH lists the depleted uranium (DU) mass and activity ratios for SMC in 
Table 5.6.1-1. The TBD also indicates that a baseline uranium background concentration 
study was performed to represent “nonoccupational elimination of the SMC worker 
population” (TBD, pg. 29). This study used urine samples from SMC non-radiation 
workers in 1987, 1994, and 1998 to determine the nonoccupational component of 
uranium excretion for SMC radiation workers.  The value of 0.16 µg/L was calculated 
and subtracted from each worker urine sample result prior to assessment of the 
occupational internal dose. This approach is not statistically valid, due to the nature of 
the selected nonoccupational worker group, collocated with the radiation workers.  There 
was an obvious possibility that these non-radiation workers may have intakes of uranium 
from the surrounding contaminated environment.  NIOSH should evaluate the validity of 
the value of 0.16 µg/L used as nonoccupational subtraction from urine results.  More 
importantly, the background concentration should not be subtracted from the urine 
sample results.  (See Section 5.1.2.8 for further discussion). 

(18) NIOSH lists nine notable airborne incidents at ICPP in Table 5.6.2-1 of the TBD.  	The 
table provides the date of the incident, radionuclides released, internal dose results, and 
references. However, the TBD concludes that, “The primary internal dose experience at 
the ICPP resulted from accidental releases”  (pg. 29). This conclusion seems to disagree 
with audit findings, and past and present worker experiences.  NIOSH should re-evaluate 
the potentials of internal dose exposures at ICPP by examining high-risk (dose) jobs and 
field records. 

(19) NIOSH indicates that for personnel who worked for extended time periods in the 
Building 603 storage facility at ICPP if, “specific bioassay analyses are either not 
available or insufficient, a claimant favorable default intake of 1000 DAC-hours per year 
should be assumed” (TBD, pg. 30).  There is a tendency for the TBD authors to use 
average values for determining default values.  In almost all (valid) cases of the dose 
reconstruction, the missed doses are in the high end of the dose spectrum.  Therefore, 
NIOSH should provide both average and upper bound values for defaults to assist the 
dose reconstructors. For example, NIOSH could use the 95th percentile values for those 
workers in high-risk (dose) jobs. 

In this case, the 1,000 DAC-hour is assumed in the TBD to be the average intake by a 
worker in Building 603, with Cs-137 and Sr-90/Y as the primary radionuclides of 
concern. This assumption is based on a 1 MPC level and 1,000 hours per year, according 
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to NIOSH experts (see Attachment 1).  This assumption would short-change some 
workers who may have worked in the building for more than 1,000 hours or in a very 
highly contaminated area, receiving the 1,000 DAC-hour in a short period of time.  In 
addition, the default airborne activity of 2 x 10-9 µCi/cc is not justified by supporting data 
and uncertainty analyses. For example, a pipefitter who worked in Building 603 on a 
valve or piping replacement job could be working in a contaminated air zone with much 
higher concentration levels than this default airborne activity value. Therefore, this 
assumption does not appear to be claimant favorable. 

(20) There were no potential internal exposure source term data identified for the High-Level 
Wastes area, the High-Level Waste Calcination area, and the Process Analytical Facilities 
at the ICPP. As the TBD and site experts interviewed indicate that the waste calciners 
(both WCF and NWCF) were among the worst contaminated facilities at INL, NIOSH 
should have identified the high-risk (dose) jobs and potential missed doses to personnel 
who worked in these facilities. 

(21) NIOSH identifies three types of spent nuclear fuels (aluminum-clad, stainless steel-clad, 
and zirconium-clad) as the primary source terms for worker internal exposures at ICPP. 
The TBD further determines that the radionuclides of concern are the “most limiting 
radionuclides” for all the facilities at the INL site.  (Eventually, the TBD uses these 
radionuclides as the default limiting radionuclides to calculate missed internal doses for 
INL workers in Table 5.7-1). The radiologically significant radionuclides associated with 
these fuels are listed in Table 5.6.2.5-1. The inhalation doses from inhaling radioactivity 
from these three types of fuel were calculated using ICRP 68 5 µm AMAD dose 
conversion factors.  NIOSH selected four key radionuclides as the main dose contributors 
for potential internal exposures; Sr-90, Cs-137, Ce-144, and Pu-238/Pu-239 
(interchanged among fuels).  Three weighting factors were developed by ratios and used 
to account for the dose contributions from unused radionuclides: 

Table 5.6.2.5-1 contains too many radionuclides for efficient dose 
reconstruction. Rather than include all of the radionuclides in the default 
summary table for missed dose (Table 5.7-1), only Sr-90, Cs-137, Ce-144, 
and Pu-238 are included for aluminum and zirconium fuels. For stainless 
fuels, the Pu-238 is replaced by Pu-239.  Cesium-137 was selected 
because it is most commonly reported in in vivo results rather than for its 
dose contribution. The potential missed inhalation dose from the other 
radionuclides is accounted for by weighting the dose from these selected 
radionuclides by the weighting factors at the bottom of Table 5.6.2.5-1. 
This gives an equivalent to 100% of the dose from the radionuclides 
distribution for the three types of fuels. (TBD, pg. 33) 

Again, NIOSH’s approach used here is based on the “average” percent inhalation doses a 
worker would receive due to the “average” relative activities of the identified significant 
radionuclides of concern for the ICPP processed fuels.  It does not take into account of 
the upper bound inhalation doses. 
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(22) NIOSH indicates that there is one exception to the above spent fuel approach; the RaLa 
(Radioactive Lanthanum) process, in which large quantities of volatile radioactive 
iodines (i.e., I-131, I-132, and I-133) were released.  However, the TBD does not provide 
instructions to dose reconstructors on how to evaluate missed doses for personnel 
working in the RaLa process or how to scale from the spent fuel data. 

(23) NIOSH identified and evaluated radionuclides of concern at ANL-W, RWMC, and 
WROC. Analytically determined MDAs, bioassay data, and radioactivity concentrations 
are also provided in the TBD (Tables 5.6.3-1, 5.6.4-1, and 5.6.4-2).  The TBD also states 
that, “a comprehensive radiation protection program is practiced, which includes 
extensive air monitoring, personnel contamination, and surface contamination 
surveillance” (TBD, pg. 34).  Once again, the TBD shows a degree of confidence in the 
INL radiation protection programs that is not consistent with the findings of the DOE-HQ 
Tiger Team and DNFSB audits, as well as the information provided by the site experts 
interviewed. 

(24) NIOSH concludes that, “For most of the history of the INEEL personnel dosimeters were 
issued to all workers at facilities handling radioactive material” (TBD, pg. 37).  The TBD 
continues to show the sentiment that the authors have full confidence in the radiological 
protection policy and programs and internal exposure monitoring systems at INL.  
NIOSH believes, “the probability that a worker received a significant unmonitored 
internal intake of radioactive material is very low” (TBD, pg. 37).  

5.1.2.1 Completeness and Quality of INL Internal Dosimetry Programs 

The authors of the Occupational Internal Dose TBD display full confidence with the radiological 
protection programs, the internal dosimetry programs, and the dosimetry record-keeping systems 
at INL. For instance, NIOSH states the following in the TBD: 

As a consequence of a consistent AEC/DOE policy to avoid detectable internal 
exposures, coupled with the time and technical complexity of an internal dose 
evaluation, the general policy at INEEL for internal exposure has been preventive 
in nature. (TBD, pg. 18) 

The consistent NRTS/INEEL policy and practice was to require respiratory 
protection on jobs when the possibility of generating airborne contamination was 
thought to exist, regardless of the actual measured air or surface contamination.  
These practices influence the assumptions related to dose evaluation in internal 
dose reconstruction. (TBD, pg. 18) 

NIOSH also believes that all worker exposures were documented in each exposed workers’ file.  
As a result, a dose reconstructor could perform the claimant dose reconstruction based on 
information kept in the claimant file.  These conclusions are evident throughout the TBD and can 
be illustrated by a few excerpts: 
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Most internal doses have been identified following an incident rather than as a 
result of routine bioassay measurements.  (TBD, pg. 9) 

The largest internal exposures at INEEL have resulted from accidental intakes 
associated with episodic events or planned major releases, for which the time and 
characterization of the materials of the intakes were well known. These exposures 
were documented in each exposed employee’s file. (TBD, pg. 8) 

Each individual analytical result was documented and placed in individual 
exposure files regardless of the formal reporting requirements. (TBD, pg. 16) 

However, information provided by past and present workers during SC&A’s site interviews, as 
well as INL site inspection findings by the DOE-HQ Tiger Team in 1991 and by the Defense 
Nuclear Facilities Safety Board in 1994 and 1995, indicates that the INL site programs were 
deficient in many ways, despite what was claimed.  These program deficiencies are serious and 
likely jeopardize the validity of data NIOSH used and its conclusions in the TBD.  There are 
many examples of potentially important deficiencies, which could adversely affect the dose 
reconstruction process, cited by the DOE Tiger Team, as follows (DOE-HQ 1991): 

(1) The Radiological, Environmental and Safety Laboratory (RESL) was in charge of all air 
sampling and bioassay analysis and internal dose assessment functions at INL, but RESL 
did not have an effective safety and health management system.  The Tiger Team found 
75 safety deficiencies in policy, policy implementation, and procedures.  These 
deficiencies put all the analytical results RESL produced in question.  For example 
(Vol. 2, pg. 4-26): 

a. The calibration of whole body counter and teletherapy sources were not adequate 
(Vol. 2, pg. 4-467). 

b. RESL was found to be deficient in monitoring airborne radioactivity in laboratory 
spaces, in performing pre-employment baseline bioassay for new employees, in 
performing bioassay surveillance of individuals potentially exposed to airborne 
radioactivity, in performing fume hood testing, in performing quality assurance 
sample checks for routine urinalysis, and in performing analysis of urine samples 
for total uranium from INL radiation workers (Vol.2, pp. 4-613 and 4-614). 

c. RESL was deficient in ensuring accurate documentation of the individual radiation 
exposure, including routine survey information (instrument type and number and 
reading), wipe sample, counting, and air sample counting (Vol.2, pp. 4-623 and 
4-624). 

(2) 	 The INL Internal Dosimetry Program was found to be deficient because compliance with 
DOE 5480.11 (radiation protection) could not be demonstrated (Vol. 2, pg. 4-181). 

a. 	 For sample implementation of in-vivo and in-vitro bioassay programs, logs were 
not maintained to provide information such as purpose of bioassay, schedule of 
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bioassay, date when bioassay was completed, data when the analytical results were 
received, analytical results, and date a dose assessment was completed.  

b. 	 For workers, required in-vivo and in-vitro bioassay monitoring was not completed 
as scheduled. This was primarily due to the cumbersome process of dose 
assessments involving four different entities, namely RESL, INL Laboratories, 
RSRS, and ODU. In fact, RESL was not in compliance with DOE Orders. 

(3) INL was deficient in providing adequate calibration equipment or facilities to perform 
tests for insuring reliability of existing radiation protection instrument response in 1991 
(Vol. 2, pg. 4-183). 

a. 	 There were no defined criteria for acceptance testing of fixed radiation protection 
instruments. 

b. 	 Trending analysis of radiation protection instrument performance was not 

performed.  


c. 	 There was no program to identify problems and improve the response of radiation 
protection instrumentation to meet the needs of specific applications. 

(4) 	 Several deficiencies of the CAMs were identified at TAN, ATR, and other facilities. 
Their locations were not based on an evaluation of airflow patterns (Vol.2, pg. 4-185). 

a. 	 Some of the CAMs detecting beta-gamma radiation had a set point of 
approximately 8 DAC-hour instead of 1 DAC-hour (i.e., MDL).  8 DAC-hour was 
the minimum set point for alpha emitters but not for beta-gamma.  

b. 	 Some CAMs (e.g., TAN Warm Shop) were not in service.  There were no two level 
alarm systems established for the CAMs.  

(5) Maintenance of the INL occupational exposure record was transferred from the RESL in 
1988. The quality of the historical occupational exposure records ranges from 
handwritten in pencil on plain paper to records legibly recorded on standard forms in ink 
or using computer-generated data. The records of individual occupational exposure 
histories are readily retrievable.  The histories can be obtained from ODU (i.e., manual 
retrieval from record storage sites).  Information prior to 1986 must be retrieved from a 
combination of microfiche, notebooks, and individual files.  Information from 1986 
forward is readily retrievable from computer record systems.  Documented procedures for 
retrieval of occupational exposure histories are maintained. The results of in vivo and in 
vitro bioassay are maintained.  However, there are certain limitations in the exposure 
records and the process of incorporating records in the dose reconstruction files.  These 
limitations may hinder dose reconstructions and result in missed doses.  Overall, the 
Tiger Team found the maintenance and retention of occupational exposure record was 
deficient at INL. For example (Vol. 2, pp. 4-190 to 4-192): 



 
 

   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

a. The results of bioassay are not included in an individual’s file unless a dose 
assessment was made from a positive result.  

b. The individual’s file does not indicate that negative bioassay results are available.  

c. Records of dose estimates from special studies and unusual exposures are not 
maintained in an individuals’ occupational exposure history.  

d. There was no audit mechanism to verify that previous occupational exposure 
histories, exposures of employees who travel to other sites and internal dose 
assessments are included in the files.  

e. Reporting of occupational exposure to radiation workers was deficient in the areas 
of submitting annual report of radiation exposures, using the effective dose 
equivalents, and providing summary of annual, cumulative and committed effective 
dose equivalents to each radiation worker on an annual basis.  
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(6) 	 INL was deficient in routine and accident personnel radiation dosimetry program at SMC 
(Vol. 2, pg. 4-611). 

(7) The procedure for personnel entry into potentially airborne radioactivity areas when 
wearing respirators was deficient at INL because no air sample measurements were taken 
to assure that respirator protection factors are adequate (Vol. 2, pg. 4-612). 

(8) 	 The INL site was found to be deficient in testing and calibration of radiation 
measurement instruments including gas proportional counters, air sample counters, 
portable radiation survey and frisking instruments, radiation counters for wipes, special 
tool survey box instruments, and portal monitors (Vol.2, pp. 4-615 and 4-616). 

(9) The INL radiological air-sampling program was deficient in ensuring timely and 
representative airborne activity measurements in the workplace (Vol.2, pp. 4-617 and 
4-618). 

In addition to the many critical findings by the DOE-HQ Tiger Team, the DNFSB also generated 
a long list of deficiency findings on the INL radiological protection programs and internal 
dosimetry programs during their audits.  Several examples of the DNFSB findings, which may 
impact dose reconstruction, follow: 

(1) 7/29/1994 DNFSB finding: 	The staff noted an inconsistency among contractors in the 
requirements for respiratory protection, as well as some errors in procedures.   

(2) 7/29/1994 DNFSB finding: 	An error was noted in EG&G Procedure 10.3, Airborne 
Radioactivity Monitoring, dated January 28, 1994, and Document Revision Request 
(DRR) dated February 14, 1994. These documents gave equations for computing High 
Alarm set points that are not correct.  
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(3) 	 7/29/1994 DNFSB finding: Air monitoring for alpha radioactivity in the building is 
accomplished by one continuous air monitor.  

(4) 7/29/1994 DNFSB finding: 	Although several individuals are involved in operations in 
the high-level waste pit area where dose rates can reach several rem per hour, standard 
actions are not taken to control personnel exposure and preclude unnecessary exposure.  

(5) 9/15/94 DNFSB finding: 	ICPP radiological control practices also remain deficient, 
including a general lack of concern with personnel and equipment crossing radiological 
control boundaries, inadequate frisk/swipe survey practices, etc.   

(6) 1/17/95 DNFSB finding: 	Radiological control postings and field documentation on the 
tank farm were inconsistent and contained mistakes that were not identified and/or 
corrected by internal reviews. 

(7) 1/17/95 DNFSB finding: 	Several protective clothing doffing areas do not have posted 
doffing instructions. In one location, a Radiation Area posting was changed by hand to 
read "High Radiation Area."  No radiation levels were listed.  Radiation levels were 
entered inconsistently on many postings throughout the project.  

Given these deficiencies noted in the INL radiological protection and internal dosimetry 
programs, it is unlikely that the information and internal exposure records provided in the worker 
files are complete. It is also likely that many worker internal exposures associated with high- 
dose jobs were not monitored or documented.  NIOSH’s missed dose approach and the default 
values should be complete and representative of all missed dose scenarios for personnel working 
at different INL facilities.  At a minimum, NIOSH should evaluate the programmatic 
uncertainties associated with the missed dose values presented in Table 5.7-1, so that the 
recommended missed dose values would be truly claimant favorable.  

5.1.2.2 High-Risk (Dose) Jobs 

The DOE Tiger Team and DNFSB findings, made in the 1991 to 1994 time frame, suggest that 
there may be potentially significant missed doses due to deficient radiological protection work 
practices at different INL facilities.  It is likely that the work practices at INL before this period 
were even worse, due to less sensitive equipment, less protective policy, programs, and 
procedures, and also less frequent and rigorous worker training.  Instead of merely using 
inhalation dose defaults for worker missed dose from generic facility operational source terms, 
NIOSH should develop a list of high-risk jobs for different categories of workers (such as 
pipefitter, operator, RCT, machinist, mechanic, electrician, maintenance, yardman, etc.) at each 
INL facility-based on bioassay data, air sampling data, area survey data, and RWP data.  High 
risk, in this context, means the potential for high dose exposure.  Some of these high-risk (dose) 
jobs have been identified by past and present workers during the SC&A site interviews (see 
Attachment 3 of this report).   

It is generally agreed that the INTEC (previously ICPP) and its facilities are the most 
contaminated facilities at INL, with high potential for significant worker intake due to the fuel 
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processing and reprocessing operations and practices.  NISOH should evaluate separately the 
missed dose for workers who had worked at ICPP facilities. 

5.1.2.3 Calibration of Internal Dosimetry Analytical and Monitoring Equipment 

The TBD does not provide any information on the calibration procedures, sensitivities, and 
standards of the internal dosimetry analytical equipment and monitoring instrumentation, 
including thyroid counters, whole-body counters, laboratory instruments, and continuous air 
monitoring systems (CAMs).  The 1991 DOE Tiger Team findings show the deficiencies in these 
areas. NIOSH should evaluate the uncertainties and impacts on the internal dose assessment 
results associated with the deficient calibration programs at INL. 

5.1.2.4 Changes of Internal Dose Limits 

The TBD describes the historical changes of internal exposure control and monitoring programs 
at INL and touches on some of the internal dose limit changes.  Currently, the INL policy is that 
all individuals who have the potential to receive a dose exceeding 100 mrem shall require 
monitoring. In the past, the INL policy was less restrictive and protective.  For example, during 
the site expert interviews, a worker indicated that he often had positive nose swipes of 
100mrem/hr, but a bioassay or PEQ was not triggered.  This type of inconsistent work practice 
was prevalent in the early years of the INL operation and may have led to significant missed 
dose to workers. 

NIOSH should evaluate the impacts of these dose limit changes over the operating history of 
INL to see whether there were missed doses in the early years when the radiation protection 
policy was less protective and inconsistently implemented. 

5.1.2.5 High-Fired Plutonium and Uranium Intakes 

Some INL facilities contained high-fired uranium or plutonium oxide produced by heating the 
material to approximately 1,000ºC.  High-fired oxide is more chemically stable than low-fired 
oxide, because the higher heat removes moisture and other impurities.  The Rover facility at 
ICPP was used to reprocess graphite space reactor fuel, resulting in the formation of high-fired 
uranium oxide.  It was identified as one of the 10 most significant highly enriched uranium 
safety concerns in the DOE complex.  In addition, some high-fired plutonium oxides may have 
been shipped from Rocky Flats Plant and disposed of at INL.  These oxides are commingled with 
radioactive wastes stored in drums and buried underground or above ground at the RWMC 
facility.  

Plutomium-238 is primarily an emitter of alpha particles, which are easily stopped by the 
materials encasing it, although it also emits some gamma rays and neutrons.  The high-fired 
Pu-238 ceramic does not easily dissolve nor does it easily break into very small particles.  In the 
case of plutonium, a urine sample would not show small intakes within two days, so INL staff 
developed a procedure for detecting fired plutonium oxide in fecal samples.  Similar to recycled 
uranium, NIOSH should evaluate the lung dose for intake of high-fired uranium and plutonium 
oxide particulates (alveolar deposition).   
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5.1.2.6 Skin and Facial Contamination 

This TBD does not consider incidents with workers having skin contamination, facial 
contamination, and positive nasal swipes in the INL facilities.  These kinds of problems would 
be compounded by the deficiencies in air sampling systems and ineffective respiratory protection 
programs, some of which have been discussed previously.  Consequently, a bioassay may not be 
triggered for the workers. Guidance should be provided to a dose reconstructor to account for 
the missed dose due to the unaccounted uptake. 

5.1.2.7 Breathing Rate 

The NIOSH TBD (Section 4.2.1, pg. 10) uses an annual breathing rate of 2.4 x 103 m3/yr rather 
than the 2.88 x 103 m3/yr (1.6 m3/hr for 1800 hr/yr) of ICRP 68 or the 8.0 x 103 m3/yr (RAC2002, 
pg. 38) of the NCRP. The TBD assumption appears less claimant favorable than the ICRP or 
NCRP assumptions. 

5.1.2.8 Non-Occupational Worker Elimination of DU Background at SMC 

The last paragraph of Section 5.6.1.1 of the internal dose TBD (pg. 29) on the SMC project to 
produce DU armor for tanks discusses natural background uranium baseline for radiation 
personnel working at the SMC facility.  This section states, “Urine samples submitted by SMC 
nonradiation worker in 1987, 1994, and 1998 were assumed to represent nonoccupational 
elimination of the SMC worker population.”  This study used urine sample results from 
nonradiation personnel working onsite at SMC in 1987, 1994, and 1998 to determine the 
nonoccupational component of uranium excretion for SMC radiation workers.  The results 
ranged from 0.04 to 0.33 µg/L, with the average uranium concentration as 0.157 ± 0.109 µg/L at 
1 sigma uncertainty.  The value of 0.16 µg/L was used and subtracted from each worker urine 
sample result prior to assessment of occupational internal dose.  

It is not sound to use a group of co-workers at the same facility as a reference, even though they 
are non-radiation workers. NIOSH should consider using non-INL individuals from the 
surrounding populations for the non-occupational elimination approach.  The INL approach is 
not statistically conservative or technically valid due to the nature of the nonoccupational worker 
group used. The selected group of workers consisted of personnel collocated with the radiation 
workers. There is a high probability that these non-radiation workers had also been exposed to 
depleted uranium dusts or contaminated soils from the SMC grounds.  NIOSH should, therefore, 
evaluate the validity of the value of 0.16 µg/L used as nonoccupational subtraction from urine 
results. 

In the teleconference, the NIOSH technical experts explained, “The SMC program was run 
independently from the other INL programs and considered only its own people for establishing 
background. NIOSH considered that, but using only the SMC population to determine 
background is consistent with the approach taken elsewhere on the site and at other sites (e.g., 
Fernald)” (see Attachment 2).  The idea of consistency with the approach taken elsewhere on the 
site and at other sites (e.g., Fernald) is understandable and should be encouraged.  However, in 
this case, data validity is more important than consistency. 
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In the site interview, the INL Dosimetry Department staff indicated that they had attempted to 
use non-INL workers from the surrounding populations, but the individuals they had contacted 
did not agree to sign a liability waiver form.  That caused the change of plan to use onsite non-
radiation workers. NIOSH should consider using uranium background data from other studies 
performed for the Idaho Falls area to compare with this value. 

A survey by the National Center for Health Statistics (NCHS) of CDC, National Health and 
Nutrition Examination Survey 1999–2000, shows the uranium concentration in urine for the U.S. 
population aged 20 and older ranging from 0.006 µg/L to 0.054 µg/L, with a geometric mean of 
0.007 µg/L. This is much lower than the INL background worker elimination value of 0.16 µg/L. 
In addition, NIOSH may consider not subtracting contributions from environmental background 
from the urine monitoring results.  This approach is also used at Y-12 (Eckerman 1999). 

5.1.2.9 Unmonitored Workers 

As for the unmonitored (sometimes unbadged) workers, such as secretaries, warehouse workers, 
drivers, guards, and construction workers, the potential missed doses would be from inhaling 
resuspended contaminated soils and ingesting contaminated materials while eating in a 
contaminated, previously considered uncontaminated, area (such as office and cafeteria).  
NIOSH should evaluate these potential missed doses. 

5.1.2.10 Naval Reactor Facility Workers 

Release data from the Naval Reactor Facility was deemed classified until recently.  As the 
internal dose TBD indicates, “some workers’ internal dose could have resulted from their support 
work at the NRF.” NIOSH should evaluate the potential missed dose at the NRF for these 
workers. 

5.1.2.11 Plutonium Monitoring 

The TBD does not provide any historical information on the plutonium analysis methods used at 
INL. Table 5.4-1 indicates a Pu-239/240 MDA starting in 1964.  Table 5.3.2-1 indicates that 18 
Pu-239 urinalyses were performed in 1959.  The site experts interviewed indicated that routine 
plutonium monitoring was not performed until the 1980s.  There seems to be some confusion on 
this point. It is entirely possible that selective plutonium monitoring on workers was used at INL 
until 1980, but without this information, the dose reconstructors would not be able to assign 
missed internal dose due to plutonium intakes in the time period before 1980.  NIOSH should 
provide information on plutonium monitoring in the TBD. 

5.1.3 SL-1 Accident Dose Reconstructions 

The TBD acknowledges that the highest sources of gamma and beta doses were the ICPP and 
SL-1. The criticality accident in the latter, which occurred at the end of 1960, caused many 
significant external exposures to workers involved in rescue and clean-up operations, but the INL 
TBDs treat this accident only sparsely. For instance, the Site Description TBD indicates the 
following: 
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The event released fission products (500,000 Ci in the building, and 1,100 Ci to 
the atmosphere) and created high-level radioactive contamination to 50 rad/hr 
around the ARA-II area.  Initial recovery from the accident resulted in short term 
exposure exceeding 500 rad/hr to personnel in radiation fields.  Extensive 
cleanup efforts followed, including complete dismantlement of the facility.  (pp. 
49–50) 

The Occupational Environmental Dose TBD states the following: 

The amount of the release and the path that the cloud traveled from the reactor 
building was carefully monitored and well documented.  All radiological doses to 
personnel involved in the rescue and cleanup of the reactor building were 
carefully controlled and documented. The SL-1 accident did not affect any other 
INEEL facility with the effluent of radioactive material.  (pg. 12) 

The Occupational External Dose TBD states the following: 

Experience following the SL-1 accident showed a wide variation of beta-to
gamma ratios and necessitated controlling both radiations rather than just the 
gamma. A set of as many as 18 badges could and in many cases was fastened on 
a belt around the worker to determine a beta:gamma ratio for each particular 
entry. (pg. 16) 

It is clear that the TBDs rely on the assumptions that (1) personnel dosimetry systems and dose 
assessment methodology following the accident were sufficient and accurate enough to calculate 
exposure doses to workers, and (2) the dosimetry record-keeping system was adequate to 
document dosimetry analysis and dose calculation results.  However, these two assumptions are 
flawed, because dosimetry equipment of that era had limited capabilities to respond to an 
accident of such a large scale, and the dosimetry record-keeping system was still in its 
developmental phase.  Additionally, there were close to 1,000 workers involved in that historical 
cleanup operation. It would be essential for NIOSH to identify high-risk (dose) jobs during the 
SL-1 rescue and cleanup process, and then provide specific claimant-favorable default dose 
values for each of these high-risk jobs. These high-risk jobs may include (1) fireman, (2) other 
first responder, (3) ambulance driver, (4) medical staff, (5) Hot Shop worker, (6) cleanup 
crewman, (7) machinist, (8) pipefitter, (9) crane operator, (10) RCT, and (11) guard.  The missed 
dose could be composed of (1) missed beta dose, (2) missed gamma dose, and (3) missed internal 
dose. There may also be the potential of missed neutron dose for the rescue workers. 

Susan Stacy’s documentary book, Proving the Principle (Stacy 2001), devotes two chapters to 
describing the unfolding and the aftermath of the SL-1 incident.  On page 147, it states the 
following: 

The SL-1 was a mess. It hadn’t been cleaned up at all. To clean it up, people had 
to make short trips inside and do limited tasks within a couple of minutes and then 
get out. Even though you suited up, those couple of minutes would expose you to 
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your quarterly dose of radiation, and you couldn’t go back in for three months or 
do any other work that could potentially expose you.  Hundreds of people at GE, 
including those about to be transferred and many workers from other locations at 
the Site [and from Dugway], volunteered to take their quarterly radiation dose 
doing clean-up at the reactor. For many cleanup tasks, that was the only way of 
handling it.” I don’t remember anyone being particularly fearful of the risk.  The 
time keepers were the HPs, who stood half-way down the stairway and banged on 
metal when someone’s vacuum-cleaning stint was over. By November, the 
passage of time and removal of debris had reduced radiation levels. 

It seems that there are many discrepancies in getting to the real facts about the SL-1 incident and 
also the rescue operations and the aftermath cleanup activities, since this occurred almost 45 
years ago. Over the years, there have been many complaints from INL workers and union 
workers about the lack of records and facts to assist in the dose reconstructions associated with 
this accident. The site expert, union worker, and retiree interviews at Idaho Falls raised similar 
complaints.  The issue of “claimant favorable” for those claimants who participated in the rescue 
operation and/or in the aftermath cleanup activities must be addressed in a fair and reasonable 
way. 

Proving the Principle continues to state the following: 

Twenty-two of the people who had responded to the SL-1 alarm received 
radiation exposures in the range of 3 to 27 Roentgens total body exposure.  Three 
of them received more than 25 R. The exposure guide that had been set up by 
IDO’s prior emergency plan allowed rescue personnel a 100 R dose to save a life 
and 25 R to save valuable property. 

Obviously, INL was not prepared and organized in 1961 to deal with such a unique and deadly 
event. The IDO Report on the Nuclear Incident at the SL-1 Reactor (IDO 1962) states the 
following: 

Following the incident, the routine service, of course, terminated; and it soon 
became apparent from the increased numbers of persons that were becoming 
involved with SL-1 rescue operations, etc., that a unique type of data processing 
system had to be instituted. The system would have to (1) maintain a radiation 
dosage record of those personnel brought in from other sites, (2) supply compiled 
information for appropriate officials and the person’s permanent work location 
indicating the radiation dose received while in the SL-1 Area, and (3) provide a 
total radiation dose tabulation for all officials concerned in order to prevent an 
exposure in excess of guide values… In order to prevent persons who were 
involved not only in daily duties at the SL-1 Area, but also in daily duties at other 
NRTS Site Facilities from receiving excessive exposure, each individual’s daily 
film badges, perhaps two or more, had to be processed and recorded.  Next a 
report listing the individual’s name, date and location of exposure, and amounts 
of beta and gamma radiation received had to be tabulated.  This created a record 
retrieval problem which would have proven extremely difficult, if not impossible, 
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without the central data processing system which maintains all radiation 
exposure records at the NRTS. (pg. 39) 

Following the incident, because personnel involved in the rescue operations were 
exposed to airborne radioactive materials, spot urine samples were collected 
from these people as soon as was possible.  It was determined by gamma spectra 
analyses that the major portion of the radioactive material contained in the urine 
samples was iodine-131. Table 3.2 lists the sixteen persons who showed the 
highest urinary excretion of iodine-131 and the estimated thyroid dose that was 
calculated for each person…. In conjunction with the iodine-131 analysis, 
strontium-90 and cesium-137 analyses were performed.  In all cases of the 
cesium-137 analyses, no activity greater than 15 milli-rem per year, infinity dose, 
was ascertained. Spot urine samples were collected from about 110 individuals 
at intervals during the first few days after the incident and were analyzed for 
strontium-90. Eight individuals whose urinary excretion of strontium-90 
continued beyond the 10th day then submitted 24-hour urine samples for strontium 
90 analyses. Table 3.3 lists the three persons who showed the highest strontium 
90 dose and the estimated strontium- 90 dose to the bone critical organ…. Six 
persons involved with the SL-1 Incident reported for whole body counting during 
the first week following the incident. Identification of iodine-131, barium
lanthanum-140, and cesium-137 was made by gamma spectra of all six o f these 
persons. However, the amount of iodine-131 made it impractical to do much 
further total body counting until most of the iodine-131 had left the body. 
(pp. 40–41) 

After the recovery of the first victim from the reactor operating room of the SL-1, 
a radiation survey was made of all personnel participating in the rescue 
operation. Eleven of the persons surveyed were found to be highly contaminated, 
many exceeding a radiation level of 10 R/hr on their extremities; and, as a result, 
they were directed by an IDO Health Physicist to be taken to the Gas Cooled 
Reactor Experiment (GCRE) Plant for decontamination.  (pg. 42) 

According to the IDO report, during the rescue operation, the monitoring equipment used were 
not capable of reading the high dose rates in the SL-1 reactor building. 

At about the third or fourth step the Juno Radiation Detector which the MTR H.P. 
was carrying pegged at 25 R/hr. The Fire Captain and the MTR H.P., therefore, 
evacuated from the area stopping at the guard house.  The total estimated time for 
this entry was one and one-half to two minutes. (pg. 23) 

At the top of the stairway, the door to the reactor operating room was found open. 
The Phillips H.P. held a high range Jordan Detector in the doorway and observed 
that the radiation detector pegged on the 500 R/hr scale.  Next, with the Assistant 
Fire Chief holding a light in the doorway, in order to better illuminate the reactor 
room, the Phillips H.P. took a brief look into the room.  Because either the light 
was dim or the mask’s eyepieces were fogged, the Phillips H.P. did not see very 
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much of the reactor room and none of the ceiling.  He was able to observe some 
wreckage in the reactor room, but saw no personnel.  They then hastened down 
the stairs and out the building via a door on the southeast side of the corridor 
leading from Building 602 to the reactor building. (pg. 25) 

At about 10:00 P.M. the MTR H.P. at the SL-1 was authorized to allow personnel 
to enter radiation fields greater than 200 R/hr by the enroute IDO Chief, Site 
Survey Branch; it was stipulated that Scott Air-Paks should be worn by all people 
involved in penetration operations. In view of this authorization, plans were 
made for another entry into the SL-1 Area. It was decided by the health physics 
staff at the scene that the planned entry should be halted when a radiation rate of 
500 R/hr was observed, because this was the maximum dose rate which could be 
read on the high range Jordan Radiation Detector….. At the top of the stairs a 
dose rate of 500 R/hr was observed, and it was estimated that a radiation field of 
500–700 R/hr existed about two feet inside the operating room.  A quick 
observation made of the reactor room indicated one person positioned on the 
floor near the Motor Control Center (MCC) and moving, and another person 
positioned between a shield block and the reactor head.  Radiation fields of 500 
to 600 R/hr were estimated to be near the MCC and greater than 1000 R/hr 
directly over the core. The two CEI personnel then departed from the reactor 
room to obtain assistance and equipment for a rescue.  The entire entry and 
return operation took approximately three minutes. (pg. 26) 

Table 3.1 on page 44 of IDO 1962 summarizes the distribution of gamma radiation exposures to 
workers involved in the SL-1 rescue and reactor stabilization operations from January 5 to 
January 31, 1961. This table shows the following: 

(1) A total of 577 workers had participated in the operations 
(2) 413 workers received gamma doses ranging from 0 to 300 mR 
(3) 71 workers received gamma doses ranging from 300 mR to 900 mR 
(4) 66 workers received gamma doses ranging from 900 mR to 3 R 
(5) 18 workers received gamma doses ranging from 3 R to 12 R 
(6) 6 workers received gamma doses ranging from 12 R to 25 R 
(7) 3 workers received gamma doses over 25 R 
(8) The highest gamma dose received by any worker was 27 R 

There is no information given on the assumptions used in calculating these gamma doses.  There 
are no data provided for internal doses, skin doses, and extremity doses. 

Tables 3.2 and 3.3 of the IDO report also summarize the thyroid doses and the bone critical 
organ doses estimated for some workers with airborne intakes.  However, this report does not 
provide information for the gamma, thyroid, and critical doses to workers involved in the SL-1 
cleanup effort after January 31, 1961. 
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The 1963 technical paper (Horan 1963) entitled, The Health Physics Aspects of the SL-1 
Accident, provides a table summarizing the whole-body and thyroid doses received by 
emergency personnel, including the following categories: 

(1) AEC Health Physicist 
(2) Contractor Supervisor 
(3) Contractor Health Physicist 
(4) AEC Project Officer 
(5) Cadre Supervisor 
(6) AEC Physician 
(7) AEC Nurse 
(8) Support Patrolman 
(9) Support Health Physicist 
(10) Army Support 

As a “lesson learned,” the paper states the following: 

Disaster planning at the NRTS had been geared primarily to criticality type of 
maximum credible accidents involving the release of thousands of curies of fresh 
fission products or iodine-131 to the atmosphere.  Many of the unique types of 
problems experienced or suggested by the SL-1 accident had not been considered:  
performing recovery operations in radiation fields of hundreds of R/hr, medical 
treatment and decontamination of highly contaminated survivors and casualties, 
performing field operations around the clock for an indefinite period of time.  
Supplies and equipment, with but a few exceptions, were adequate.  One of the 
first lessons was that survey instruments with a maximum range of 500 R/hr are 
inadequate for emergency use. Instruments with a maximum range of 5000 R/hr 
should be available. Available health physics personnel were depleted due to 
overwork rather than overexposure before all equipment had been committed, 
and this despite the full support of 5 NRTS contractors and radiological 
assistance from 4 AEC or military organizations outside the State of Idaho.  
During the first 11 days, 81 health physicists were utilized in the field and over 
130 other personnel to provide them with field or laboratory support.  Many 
individuals worked in excess of 120 hr per week, and yet sufficient personnel were 
not available to do the innumerable data collecting and research items which 
were desirable. The twenty-six man radiological detachment from the Army 
Chemical Warfare Center at Dugway, Utah, provided early and effective field 
support. (pp. 184–185) 

The INL Site Profile TBDs only provide minimal treatment of the SL-1 accident.  But it is 
known that during the SL-1 excursion, 500,000 Ci of fission products were released in the 
reactor building and 1,100 Ci to the atmosphere.  The accident also caused high-level 
contamination of up to 50 R/hr around the ARA-II area.  There were more than 1,000 workers 
involved in different phases of the rescue and cleanup operations.  It is imperative for NIOSH to 
provide specific guidance to dose reconstructors in calculating different missed doses for the 
SL-1 workers. 
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For the initial rescue operation (first phase), NIOSH should evaluate the missed occupational 
environmental doses to unmonitored and monitored workers (support workers), who arrived at 
the SL-1 facility but stayed outside the reactor building.  These workers would be exposed to the 
fission products released in the surrounding atmosphere, and also the high-level radiation field of 
50 R/hr. It is plausible that these workers were exposed to short half-life fission products that 
were not considered in the TBDs. 

NIOSH should evaluate the missed occupational internal and external doses to rescue workers, 
such as firemen and health physicists, who either were involved in the discovery of the accident, 
made entries into the reactor building to retrieve the victims, or performed radiation surveys.  
There is no doubt that these workers would have received high level bodily contamination and 
inhalation intake of the fission products (500,000 Ci) released inside the building. The workers 
also had the potential of significant intake of uranium and its daughters and exposures to very 
high-level beta/gamma radiation fields that exceeded 1,000 R/hr.  The other workers (such as the 
nurse or the doctors) who did not enter the reactor building, but made physical contact with the 
victims and equipment used to retrieve the victims, would have been contaminated as well.  

For the reactor dismantling operation (second phase), NISOH should evaluate the missed 
occupational environmental, internal, and external doses to workers, monitored or unmonitored, 
who were involved in retrieving the reactor core, fuel elements, and fuel fragments.  For instance, 
the crane operators and maintenance workers would have been exposed to the high gamma 
radiation fields from the reactor core when the top cover of the reactor building was lifted, so 
that the reactor core could be retrieved and dropped into the shielded cask.  NIOSH should also 
evaluate the missed occupational internal and external doses to workers who were involved in 
the examination and decontamination of the reactor core at the ICPP Hot Shop and Hot Cell. 

For the reactor building cleanup operation (third phase), NIOSH should evaluate the missed 
occupational environmental, internal, and external doses to workers, monitored or unmonitored, 
who were involved in entering or not entering the reactor building to perform cleanup activities.  
These workers would have been exposed to high-level beta/gamma radiation fields and subject to 
significant inhalation intakes of fission products and uranium. 

In view of all technical difficulties and equipment shortcomings in the SL-1 rescue and 
stabilization operations, NIOSH should evaluate the equipment used during the SL-1 incident 
and determine the uncertainties associated with the dose rate estimation, gamma dose assessment, 
airborne intake estimation (since there was no air sampling data), thyroid count, critical organ 
dose assessment, extremity dose assessment, and stay-time determination for various personnel 
categories. The results of the uncertainty evaluation would be helpful for the dose 
reconstructions. NIOSH should provide adequate information and explicit guidance in 
determining various types of missed dose for workers who participated in different phases of the 
SL-1 operations. 

In addition, NIOSH should also evaluate the possibility of missed neutron dose received by the 
workers during the rescue operations. Even though the Occupational External Dose TBD states 
that, “the high dose locations where most of the gamma and beta dose is received, such as the 
ICPP and SL-1, do not have associated neutron dose” (TBD, pg. 25), it is quite clear that during 
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the initial rescue operation of the SL-1 accident, there was no consideration given for neutron 
measurements of worker exposures when they were making entries into the reactor building 
where fuel rod fragments and debris were scattered all around the control room floors. 

5.1.4 Occupational External Dose Issues 

In the Occupational External Dose TBD, NIOSH presents thoroughly the history of the 
development of worker dose limits from the 1930s to the present.  The TBD evaluates the 
external dosimetry programs, record-keeping practices, and different dosimetry systems (films, 
pocket ionization chambers, TLDs, neutron track emulsions, and albedo) used historically at INL. 
The TBD presents information (based on Reilly 1998) on the characteristics, calibration, and 
uncertainties associated with the dosimetry systems.  The TBD also provides radiation fields 
measured at major INL facilities in 1998 with their relative biases.  NIOSH summarizes all 
information associated with potential missed external doses in two separate categories (photon 
missed dose and neutron missed dose) for monitored workers in Tables 6B-1 and 6B-2. 

However, NIOSH did not evaluate facility field logs, RWPs, facility survey reports, incident 
reports, occurrence reports, contamination reports, PEQs, and ALARA records.  The TBD does 
not provide evaluation of special exposure events, such as the SL-1 incident, to determine missed 
doses for monitored or unmonitored workers (e.g., nurses) during rescue, stabilization, recovery, 
and cleanup operations. NIOSH interviewed INL Dosimetry Department staff and requested 
individual dosimetry records and documentation.  NIOSH also interviewed some workers and 
retirees as part of an outreach program after the TBD was done. 

As in other instances cited in this report, the authors of the Occupational External Dose TBD 
display confidence in the past and current INL radiological protection programs and 
implementation, the accuracy of the external dosimetry programs, including beta/gamma and 
neutron systems, and the dosimetry record-keeping systems.  The TBD states the following: 

It was INEEL policy that personnel expected to receive any radiation dose or 
personnel whose work was centered at the site were assigned a radiation 
monitoring badge. (pg. 8) 

The INEEL dosimetry organization developed a set of basic administrative 
practices in 1951, which have changed somewhat as the technologies of ionizing 
radiation dosimetry and recordkeeping have changed.  (pg. 9) 

When there has been a question about a dose value being assigned to an INEEL 
worker, a Personnel Exposure Questionnaire was normally initiated.  (pg. 11) 

It is important to point out that many records and data pertinent to the worker claims are not 
included historically in the workers’ files, including personnel contamination reports, PEQs, 
RWPs, incident reports, and occurrence reports. 

NIOSH has included the following historical dosimetry standards and site administrative 
practices information in the TBD: 
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(1) The TBD identifies the way that INL reports external doses for workers: 

INEEL has reported doses as penetrating and nonpenetrating. The 
penetrating dose corresponds to the deep dose equivalent, and the 
nonpenetrating dose plus the penetrating dose corresponds to the shallow 
dose equivalent.” (TBD, pg. 6) 

(2) The TBD summaries the history of Federal dose limits for occupational workers: 

a. 1949 – 0.3 R per week or 15 R per year (recommended by NCRP-7) 

b. 1957 – (5N-18) rem as maximum allowable dose (NCRP) 

c. 1958 – 3 rem per quarter or 15 rem per year (AEC) 

d. 1960 – 3 rem per quarter or 12 rem per year (President Eisenhower) 

e. 1971 – 5 rem per year (NCRP 39) 

f. 1971 – defined the concept of deep and shallow dose equivalent indexes (ICRU) 

g. 1985 – introduced ambient dose equivalent, directional dose equivalent, 
individual dose equivalent penetrating, and individual dose equivalent superficial 
(ICRU) 

h. 1981 – required the monitoring threshold as 100 mrem effective dose equivalent 
(DOE 5480.1A) 

i. 1985 – specified the measurement of deep and shallow dose equivalents at depths 
of 10 mm and 0.07 mm, respectively (ICRU) 

j. 1990 – redefined the concept of dose equivalent to equivalent dose, quality factor 
to radiation weighting factor, and generated new factors (ICRP) 

The NIOSH approach in identifying the missed external doses at INL makes the following 
assumptions: 

(1) The INL Site radiological protection programs, external dosimetry programs, record-
keeping systems, laboratory analytical programs, equipment calibration programs, quality 
control programs, and training programs were effective and dependable.  This assumption 
that there was no administrative flaw in the implementation of these programs in 
protecting workers from external radiation was found to be unsubstantiated by the Tiger 
Team and DNFSB site inspection findings and also comments from site experts. 
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(2) 	 The information provided in the claimant files is complete for dose reconstruction.  
During site expert interviews, many past and current workers complained that there are 
dose records missing from their personal exposure file. 

(3) 	 The dosimeters were accurate in measuring external worker dose within the projected 
uncertainties. This assumption is valid only if the dosimeters were calibrated correctly to 
measure the intended radiation fields, but there were documented deficiencies in INL’s 
calibration programs. 

(4) 	 The workers had worn their dosimeters correctly in such a way that external dose was 
measured accurately.  This assumption is not entirely valid, especially in varying high 
beta/gamma fields or in high-risk maintenance jobs, when personnel had to work in tight 
spaces very close to different sources.  For example, sensitivity of dosimeters to low 
energy photons is angular-dependent. As a result, the dosimeters would under-measure 
the gamma doses.  The TBD does not evaluate missed worker dose due to lack of multi
badging or faulty badge placement in high, varying, or oblique beta or gamma fields.   

(5) 	 There is no other scenario that would cause missed external dose to workers at INL.  The 
approach to missed dose in this TBD precludes the potential for missed beta/gamma 
doses, due to inconsistent and less protective work practices in the early years. 

(6) 	 NIOSH believes that the claimant-favorable approach to estimate missed external doses 
(both photon and neutron) is to use the following equation: 

(N x MRL/2), 
where N is the number of “zero” doses recorded.  The MRL/2 approach is not claimant 
favorable. 

(7) 	 There is no stand-alone missed beta dose for workers working at INL, such as low beta 
fields not measured by dosimeter (shallow dose with skin cancer concern) or very high 
beta fields measured as gamma (deep) dose.  This is a questionable assumption (see 
Taulbee 2002). 

NIOSH believes its missed gamma and neutron dose values are claimant favorable, as the 
Occupational External Exposure TBD states the following: 

The missed dose for dosimeter results less than the MRL is particularly important 
for earlier years when MRLs were higher and dosimeter exchange was more 
frequent. One option to calculate the missed dose described in NIOSH (2002) is 
to estimate a claimant-favorable maximum potential missed dose where MRL/2 is 
multiplied by the number of zero dose results. (pg. 32) 

The use of MRL/2, or LOD/2 (Taulbee 2002), for calculating the missed dose values is 
questionable. This averaging approach may be adequate from a statistical standpoint for 
evaluating total missed dose for worker population, but at best, this approach is claimant-neutral 
for an individual. It is not claimant favorable for an individual worker, who may have received 
all his missed doses in the upper half above the average (MRL/2). It would be more appropriate 
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to use the value of MRL (instead of MRL/2), i.e., 95% (2 sigma).  In addition, the use of such an 
equation for missed dose calculation requires the compilation of accurate MRL values and 
conservative uncertainties for all dosimeters and film badges used at INL. 

5.1.4.1 Beta/Gamma Dose Issues 

For photon missed dose, NIOSH presents, in Table 6B-1 of the External Dose TBD, maximum 
annual missed dose values for different films (e.g., 552 Dupont film, 558 Dupont film, 508 
Dupont film) and for different TLDs (LiF, LiF in Teflon, Harshaw Two-Chip, Panasonic Four-
Chip), based on the MRLs for six different time periods; (1) 1951–1958, (2) 1958–1966, (3) 
1966–1974, (4) 1974–1975, (5) 1974–1985, and (6) 1986 to present. The missed dose values are 
provided for different dosimeter exchange frequencies (weekly, biweekly, monthly, quarterly, 
and semi-annually). 

For beta and gamma organ dose evaluations, the TBD provides the following instructions: 

For photons prior to 1981 the conversion factor from exposure to organ dose 
should be used. For 1981 and after, the conversion factor from deep dose 
equivalent to organ dose should be used. (TBD, pg. 34) 

However, the TBD provides no discussion, approach, information, method, or specific 
instruction for calculating missed beta dose for INL facilities.  The TBD does provide some 
information and data on the beta radiation fields at INL in Section 6.3.4.2 (pp. 23–25).  Table 6-5 
lists the beta dosimeter thicknesses and associated under-reporting with the following, somewhat 
cryptic, instruction. 

The fraction of beta dose measured shown in Table 6-5 is the average as 
described above. To determine the corrected beta dose, divide the non-
penetrating result from the dosimetry system by the values in the last column of 
Table 6-5. The reported dose will likely be somewhat higher than this because 
the calibration probably did not consider such a correction and reported the dose 
for the calibration exposure (TBD, pg. 25). 

This recommendation tries to capture beta radiation causation of skin cancer.  The uncertainty 
for beta dose is estimated to be 50% at one sigma.  This table is not included as part of the 
missed dose calculation or discussion.  It is not clear whether NIOSH believes that there is no 
missed beta dose at all at INL facilities or the contribution from missed beta doses have already 
been included in the gamma missed dose calculation. In either case, NIOSH needs to clarify and 
justify its position in the TBD. 

As quoted earlier, INL reported doses as penetrating or non-penetrating. The penetrating dose 
corresponds to the deep dose equivalent, and the non-penetrating dose plus the penetrating dose 
corresponds to the shallow dose equivalent.  It is not clear how a dose reconstructor should 
allocate the total missed photon dose calculated using the above equation; should this total 
missed dose be added to both the shallow and deep doses? 
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The photon missed dose defaults are to be applied to the dose reconstruction according to the 
following conditions: 

Missed photon dose for INEEL workers would occur where (1) there is no 
recorded dose because workers are not monitored or the dose is otherwise 
unavailable, or (2) a zero dose is recorded for the dosimeter systems for any 
response less than the site dose recording threshold (the MRL) (TBD, pg. 32). 

Some individuals who might occasionally visit site facilities but did little work 
with radiation, had badges at several different facilities.  It is not appropriate to 
base missed doses on the multiple badges issued.  Early on at INEEL, the badge 
change frequency was not the same for everyone.  Workers with low probability of 
exposure were placed on a longer change cycle than those with more chance of 
exposure. Therefore, missed doses should be based on the actual change 
frequency for a person, and the frequency can be determined from the 
individual’s data package (TBD, pg. 9). 

NIOSH also gives instruction to DOE staff on what to provide a claimant for the dose 
reconstruction: 

DOE provided dosimetry information for a former INEEL worker, whose dose 
reconstruction is underway, should include a dose summary for the employment 
period and a copy of each weekly, monthly, quarterly, etc., form which will also 
show the work location, so the individual file could be several inches thick in hard 
copy. Each sheet is redacted so only the person of interest’s name and applicable 
information are visible. This file provides the recorded information as to the 
exchange period for the person of that time period. (pp. 9–10) 

NIOSH has included the following beta/gamma dosimetry information in the TBD to 
demonstrate the adequacy of its missed dose approach.  However, this information shows 
significant weaknesses in several key areas. 

(1) The TBD indicates that the practice at INL is to subtract environmental radiation levels 
from the reported gamma doses. 

These badges were usually stored at the respective operational area 
entrance security gate for INEEL facilities.  Control badges, which are 
used to subtract background radiation, have also been located there. This 
practice may lead to subtracting environmental radiation from site 
activities reducing the reported doses.  Environmental radiation levels 
have been monitored for most of the life of the INEEL, originally with film 
badges and later with TLDs.  Table 6-1 presents results of this monitoring 
at facility fence-line locations near the security gates which can be added 
to individual’s dose history or used for non-radiation workers working at 
the site. (TBD, pp. 8–9) 
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If the fence-line dosimeters were kept at the same place as the control dosimeters, then 
the following could happen: Say a worker at ARA had an annual dose of 500 mrem in 
1960, and that his dosimeters read a total of 726 mrem and 226 mrem was subtracted 
from the control dosimeters over the year.  The TBD indicates that the workers dose will 
be calculated as 500 + 226 x (2000/8760) = 552 mrem.  However, since the “real” 
background for the year is around 100 mrem, the workers dose should be 500 + 226 – 
100 mrem = 626 mrem.  The NIOSH environmental dose subtraction method, therefore, 
is not claimant favorable. 

(2) The TBD provides some sample reporting forms used in early days in 1958 and 1959 
(Figures 6-1 and 6-2) and explains how the worker doses were recorded in these forms.  
The TBD, however, does not provide a history of the methods used at INL in recording 
different external doses in the worker files, such as penetrating, non-penetrating, shallow, 
deep, and neutron doses. NIOSH should provide instructions on how to reconcile the 
worker doses using these different methods, and also how to add the missed doses during 
the dose reconstruction. 

The TBD indicates that, “the personnel monitoring badges have always been considered 
more reliable than pencil dosimeters; so after the film badge results became available, the 
daily pencil readings were no longer considered doses of record.”  In one case, NIOSH 
shows the large difference between the two readings:  “In Figure 6-1, the pencil readings 
totaled 820 mR and the badges reported 0 mR for 18 badges” (TBD, pg. 11).  NIOSH 
indicates these discarded pencil dosimeter reading values “can be recovered from the 
earliest forms for a worst-case estimate of dose” (TBD, pg. 11).  Perhaps NIOSH should 
conduct a study on how extensive are these differences in pencil dosimeter and film 
badge doses. This is especially relevant based on the numerous reports from site experts 
that the film badge dosimeters they wore while working at the INL facilities were 
underestimating the actual external doses they received (see Attachment 3). 

(3) The TBD surveyed different beta/gamma personnel monitoring systems at the INL Site. 
These systems include the following: 

a. 	 1951–1958: NRTS Self-Service System – The film badges used sensitive and 
insensitive DuPont type 552 films with 2 windows, one open and the other with a 
1 mm cadmium filter.  The badges were processed weekly.  The type 552 film has a 
threshold level of about 30 mR.  DuPont type 558 films, with a threshold level of 
10 mR, were used at two reactor areas. 

b. 	 1958–1966: Multiple-Filter NRTS Film Badge – The film badges used DuPont 
type 508 films with three filters, including 1 mm cadmium, 0.013 mm silver, and 
0.5 mm aluminum.  The badges were processed biweekly or monthly, with the 
exception of the high-dose areas where weekly processing continued.  A minimum 
reporting level (MRL) of 10 mrem was used for both beta and gamma radiation. 

The TBD indicates that the densitometer was zeroed using the “blank film” – here 
taken to be a film that had not been used in the field.  This would mean that this 
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“blank film” was used as the control film.  This, in turn, would mean that the 
“fence-line dosimeter” or the “access-gate dosimeter” was not used to subtract the 
background from the occupational dose.  This practice of using the blank film for 
zeroing the densitometer is claimant favorable, in that the film dosimetry service 
found a low background area for its film store. 

c. 	 1966–1974: Lithium Fluoride Teflon TLD System – This TLD system used a 
lithium fluoride disk with two 13 mm Teflon disks and a 1 mm cadmium filter.  The 
badge could read 30 mR on a quarterly basis.  “For normal monitoring, only the 
open window TLD was read and considered penetrating dose unless it read more 
than 125 mrem, in which case the shielded TLD was also read.”  In 1968, the 
monitoring period was increased from 3 to 6 months.  In 1972, some processing 
was increased to an annual basis. 

d. 	 1974–1986: Harshaw Two-Chip TLD System – This TLD system used two LiF 
TLD chips, with one covered by aluminum and the other by Mylar.  The aluminum-
covered chip provided penetrating doses at a tissue depth of nominally 1 cm.  The 
beta dose was calculated from the difference between the two chips.  The 
calculation was accurate only for the beta energy used in calibration.  The practice 
was to read only the open window chip to determine if the non-penetrating dose 
was above 15 mrem and thus, reportable.  If the threshold was exceeded, both chips 
would be read. 

e. 	 1986–present: Panasonic Four-Chip TLD System – This TLD system used three 
lithium borate and one calcium sulfate TLD elements with plastic and aluminum 
filtration. The MRL used was 15 mrem beta and gamma in 1986, 30 mrem beta and 
gamma between 1986 and 1989, and 15 mrem for gamma and 30 mrem for beta 
until 1993. Since 1993, the MRL is 10 mrem. 

(4)	 The TBD indicates the necessity of using multiple badges in some high beta radiation 
fields. 

Experience following the SL-1 accident showed a wide variation of beta-
to-gamma ratios and necessitated controlling both radiations rather than 
just the gamma. A set of as many as 18 badges could and in many cases 
was fastened on a belt around the worker to determine a beta:gamma 
ratio for each particular entry.  (TBD, pg. 16) 

However, the TBD does not provide adequate information on multiple badging or 
specific guidance on how to apply it to dose reconstructions. 

(5) 	 The TBD describes the calibration programs at INL for beta and gamma radiation.  In 
1959, INL used a radium source for gamma calibrations and uranium for beta calibrations.  
From 1975 on, a 2–5 Ci Sr-90/Y source was used to calibrate TLD badges.  In 1981, a 
phantom was used in the calibration facility.  In 1983, a natural uranium source was used 
for beta calibration. NIOSH lists uncertainties associated with beta and gamma 
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dosimeter calibrations historically at INL in Table 6-3.  Several important associated 
observations include the following: 

Separation of penetrating dose from non-penetrating dose was an issue in 
1957 (Bennett 1957) and again in 1976 (Jenson 1976), particularly for 
ICPP where strong high energy beta fields were not unusual. 
(TBD, pg. 19) 

The 1991 Tiger Team Review of the INEEL site indicated that the INEEL 
contractor and the Idaho Operations Office using the same sources for 
calibration led to a conflict of interest or an advantage in DOELAP tests. 
(TBD, pg. 19) 

NIOSH did not evaluate the adequacy of these radium and uranium sources used for beta 
and gamma calibration. There is no information on whether the calibration sources 
address the full range of the beta and gamma fields at INL facilities. 

(6) 	 The TBD discusses the radiation fields at the INL facilities based on an INL study (Reilly 
1998). It also shows that the percentage bias of the beta and gamma measurements lie 
within a +27% to -43% range. 

a. NIOSH identifies that these biases may have caused missed dose corresponding to 
low-energy photons at all INL facilities, especially at RWMC and at TRA 
radiography facility. 

b. NIOSH provides a list of selected beta and gamma energies for various INL 
facilities in Table 6-6 as IREP inputs for use in dose reconstructions. 

Given this information, NIOSH does not provide specific guidance in compensating for 
the biases determined. 

(7) 	 The External Dose TBD discusses beta radiation fields and dosimetry: 

Beta radiation fields are usually associated with activation or fission 
product radioactivity that is outside of a container such as a spill or only 
lightly shielded or in hot cells. High beta fields were not unusual at the 
INTEC where large quantities of fission products exist.  Pure high energy 
beta fields in some locations, particularly in the exhaust stream, have 
caused dosimetry problems because the badge shielding or instrument 
packages did not provide a full 10 mm tissue equivalent coverage and thus 
beta fields would be measured as gamma fields. (TBD, pg. 23) 

Beta field dosimetry became fairly accurate with the definition of 
DOELAP requirements in the early 1980s.  Prior to that beta monitoring 
systems had various flaws, primarily in a detector too thick to give a good 
surface result or one that was covered with extra material.  Calibration 
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was to high energy betas from either uranium or strontium.  The dose from 
low energy betas will be missed altogether if the beta energy is not 
sufficient to penetrate the detector cover and will be underreported if the 
beta energy is not sufficient to penetrate the entire detector.  (TBD, pg. 23) 

Table 6-5 provides the cover and detector thicknesses for the beta badges 
used at the INEEL… To determine the corrected beta dose, divide the non-
penetrating result from the dosimetry system by the values in the last 
column of Table 6-5. The reported dose will likely be somewhat higher 
than this because the calibration probably did not consider such a 
correction and reported the dose for the calibration exposure 
(TBD, pg. 25) 

Given these discussions, NIOSH does not provide any guidance in compensating for the 
potential missed beta doses. 

(8) 	 The TBD discusses the uncertainties associated with gamma measurements, saying that, 
“A realistic estimate of total uncertainty for photon dosimetry is about 35% at one sigma” 
(pg. 34). The absence of information from inter-comparisons means that the evaluation 
of the photon dosimetry uncertainties is more subjective than objective.  The fact that the 
largest dose contribution was from photons with E > 250 keV will reduce the uncertainty.  
It also should be mentioned that the uncertainty depends on the dose recorded.  For lower 
doses, the uncertainty can be as high as 100%, while for higher doses, 35% should be a 
reasonable estimate.  

The TBD also states that 9 sets of 5 dosimeters were irradiated with combinations of 10, 
20, or 30 mrem of Ra gamma and U beta with measurability within ±12 mR with 95% 
confidence. The standard deviation should be about ±3 mR instead of ±12. This applies 
to the system introduced in 1958. 

(9) 	 The TBD discusses the uncertainties associated with beta measurements:  “The 
uncertainty for beta radiation is somewhat larger, an estimated 50% at one sigma” 
(pg. 34). A beta dosimetry system will only show reasonable uncertainties if the system 
is calibrated with the same beta energy spectrum as expected for the radioactive source 
that will be measured.  This was not the case at INL, with the exception of the project for 
the fabrication of shielding using depleted uranium.  This, alone, should make the 
uncertainty higher than 100%.  More seriously, the dosimeter will only estimate dose 
rates for geometries similar to the calibration geometry.  In reality, there was no 
comparison between the facility beta exposure and the calibration set-up.  A thorax 
dosimeter can only give a response, such as “yes there was a beta dose” or “no there was 
no beta dose,” and sometimes not even this was possible.  A wrist dosimeter might give a 
more consistent answer, if it can be shown that it was “looking” at the beta source.  The 
statutory requirement of a claimant-favorable dose reconstruction process is achieved by 
(1) giving the benefit of doubt when there are unknowns, and (2) defining uncertainties 
for measured data and selecting the 99th percentile values of a Monte Carlo distribution.  
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5.1.4.1.1 	 Completeness and Quality of INL Gamma and Beta Dosimetry and Record Keeping 
Programs 

In addition to the 1991 Tiger Team and DNFSB findings listed in the above sections, there are 
several other findings specific to the INL dosimetry programs which call into question the 
completeness and quality of the dosimetry results and records.  NIOSH should investigate these 
items and evaluate their impacts on the dose reconstructions.  

(1) The 1991 DOE-HQ Tiger Team found that the INL Nuclear Accident Dosimeters were 
deficient, because the overall gamma/neutron response was within ±40%, which did not 
satisfy the ±25% requirement specified in DOE 5480.11 (Vol. 2, pg. 4-175). 

(2) The 1991 DOE-HQ Tiger Team found that the INL personnel dosimetry program was in 
serious deficiency for several reasons (Vol. 2, pp. 4-176 and 4-177): 

a. Absence of a centralized, integrated dosimetry program 

b. Absence of field application and characterization studies to respond to the site 
dosimetry needs 

c. Absence of adequate technical staff for technical support and development 
functions to maintain a quality dosimetry program 

d. Absence of any calibration sources for daily functioning of the dosimetry 
processing and developing element correction factors and quality control 

e. Absence of reviews for personnel dosimetry and related procedures, 
characterization of site radiation conditions to assure the adequate coverage in the 
range of exposures and energies and type of radiation anticipated 

f. Absence of changes in algorithms necessary to correct dosimetry assessment for the 
intrusion of different radiation conditions 

(3) During the site expert interviews, past and current workers at INL facilities provided 
first-hand information about potential missed dose scenarios and deficiencies in 
personnel protection programs and dosimetry record keeping.  Even though there is a 
sentiment that the INL radiological protection programs and the advancement of 
equipment and techniques have made dramatic improvements over the past two decades, 
the missed dose problems due to these deficiencies in the early years must be addressed 
in a fair and reasonable manner. 

5.1.4.1.2 	 Penetrating and Non-Penetrating Doses 

Historically, after the early 1950s, INL categorized gamma and beta doses as “penetrating” dose 
and “non-penetrating” dose, while in the early 1950s, beta-gamma (combined) dose was 
categorized as non-penetrating/penetrating.  Neutron dose was maintained and reported 
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separately. Current dosimetry records report “shallow” and “deep” doses, with the notation that 
penetrating (deep) doses include neutron and gamma exposures.  Records provided by INL in 
support of dose reconstruction include “shallow” doses, “deep” doses, and “extremities” doses.  
Neutron doses are provided separately, but are also included in the “deep” doses.   

The procedures and algorithms used in the film badge dosimetry service in the early days 
underestimated the Hp(10) dose, because the low-energy photons reaching the dosimeter were 
considered beta radiation. Surprisingly, the film service then added this beta dose (to the skin) to 
the "deep" dose, making that practice claimant favorable.  However, the External Dose TBD also 
requires the dose reconstructor correctly to consider only the "deep dose" as Hp(10).  However in 
doing so, the low-energy photon contribution to Hp(10) is lost.  

To be claimant favorable, the NRTS (an early name for INL) calculated the beta dose and the 
gamma dose, summed these two together, and recorded the result on the worker files as a whole-
body dose. The current dose reconstruction process is applying correctly the gamma dose as the 
effective dose.  The problem is that this gamma dose alone is not claimant favorable, as the 
information on dose due to low-energy gammas (E < 100 keV) has been lost. 

The TBD states that, “..it was agreed that all soft radiation would be considered as beta, 
and all the penetrating radiation as gamma for the purposes of reporting.  This created a 
large safety factor in favor of the employee, as the soft gamma produced excessive 
darkening of the film emulsion…”  

This administrative decision made by the dosimetry system, which discounted the contribution of 
low-energy photons to Hp(10), was not in favor of the workers. On the contrary, low-energy 
gammas also cause absorbed doses in the ICRP 60 organs.  Due to the high number of Compton 
scatters and the small mean free path for photons at low energies, the “effective dose per photon” 
at say 60 keV is greater than that for a 1.2 MeV photon.  Low-energy beta radiation will not 
cause a dose to the ICRP 60 tissues organs, with the exception of the skin, but there may be a 
few cases when the dose due to very high-energy betas to the testes and breast are relevant. 

It is very difficult to estimate the reduction in the dose recorded for the workers resulting from 
the film service’s decision.  For reasonably high-energy photon fields, such as for reactor work 
or reprocessing plants, a 15%–30% underestimation of the effective dose may be possible. 

5.1.4.1.3 Correction for Beta Dose 

For the film dosimetry system and the Harshaw two-chip TLD system after it, it seems that INL 
considered only two irradiation possibilities; high-energy photons and beta radiation.  However, 
OCAS IG-001, the external dose reconstruction guideline (Item 2.1.1.2), states the following: 

Within the NIOSH-IREP probability of causation program, there are three photon 
energy bands; 1) below 30 keV, 2) 30 to 250 keV, and 3) above 250 keV.  
Therefore, some separation of the dose from each energy band is required. 
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At most of the larger facilities, multi-shielded film badges or multi-element TLDs 
have been used since the mid 1960s. Since only three energy bands are used in 
the probability of causation calculations, the differences between various filter 
doses can provide insight into the gross energy distribution at the facility.  To the 
extent possible, these differences should be used to estimate the relative energy 
distributions in earlier years when only two element film badges were used.  If 
individual energy distribution information is not available for two element film 
badges, the open window dose should be used as a claimant friendly estimate of 
the 30 to 250 keV dose. 

When an estimate (of the energy spectrum) based on radionuclide inventory (the 
type of radionuclide) is conducted, some consideration should be given to the 
degree of Compton scattering that would contribute to the 30 to 250 MeV energy 
range. 

Considering the entire open window dose to be due to beta radiation is not claimant favorable. 
The main problem is that the filtered part of the dosimeter will not see the low-energy photon 
radiation (below 100 keV), and will under-report the dose for photons between 100 keV and 
approximately 200 keV.  When it is assumed that a two-element film dosimeter is looking at 
photon radiation only, the following steps are made to calculate the dose: 

(1) If the net optical density (NOD) under the two filters is about the same, then the dose is 
due to high-energy photons (E> 250 keV) 

(2) If the NOD under the open window is higher than that under the silver filter, then an 
estimate of the energy of the photon radiation is made and the dose is estimated using the 
response curve of the film; a curve similar to Figure 6-7 (pg. 15) 

In the case of INL, this procedure (or a similar procedure) was not followed.  The INL procedure 
considers that the open window measures the beta dose only, and the filtered part (also called the 
shielded part in the INL documents) of the dosimeter measures only the high-energy photons.  
The question now is how to estimate the low-energy photon dose from the available information.  
As the “beta doses” were estimated using the uranium daughter beta source for calibration, it is 
not possible to estimate the low-energy photon dose directly from the estimated beta dose.  In 
fact, most of these “beta doses” are really low-energy photon doses.  

As it seems that the original optical density information was recorded, it would be possible to 
calculate the low-dose information for a few cases.  In addition, since gamma spectroscopy 
information for some facilities is available, it might also be possible to check whether there was 
a significant presence of photons in the 30 < E < 100 keV range.  If it can be shown from a few 
cases that a significant part of the photon dose was “missed,” then a global “correction factor” 
should be multiplied to the individual deep dose estimate, much in the same way the factor of 
1.119 was applied in the SRS TBD site profile. 
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5.1.4.1.4 Angular Dependence Correction Factor for Gamma Dose 

NIOSH should provide an angular dependence (anatomic geometry) correction factor for 
external photon doses. This correction factor would be used to account for the bias of a 
dosimeter worn at the neck level and the higher doses received by tissues/organs below the waist. 
The angular dependence of the sensitivity of the dosimeter is most pronounced at low-photon 
energies (SC&A 2005, pp. 143–145). 

5.1.4.1.5 Restating Beta Dose as Gamma Dose 

The TBD indicates that if individual energy distribution information is not available for two-
element film badges, the open window dose should be used as a claimant-favorable estimate of 
the 30 to 250 keV dose. Most of the time, while performing normal work as a plant operator or 
supervisor, the workers film badge or TLD will not get close enough (less than 1 meter) to 
surfaces emitting beta radiation to detect a beta dose.  A worker (such as a pipefitter or welder), 
however, may for short intervals bring his dosimeter closer to a surface contaminated with beta 
emitters.  Therefore, it is not claimant favorable to state that the entire dose measured in the open 
window is due to the beta dose. It is more correct to say that it is from photons in the range of 30 
keV < E < 250 keV. 

5.1.4.1.6 Photon Spectrum Split 

As the External Dose TBD indicates, NIOSH is assuming a 25%/75% split between low- and 
high-energy bands for the photon spectrum; SC&A recommends a more claimant-favorable split 
of 50%/50%, similar to that used in the SRS TBD.  Whatever the split of the photon spectrum, 
the question is; How will the dose for the energy region 30 keV < E < 250 keV be calculated? 
As no photon open window dose was recorded, the dose in this energy range cannot be directly 
estimated.  The difficulty of assigning correct doses can be illustrated by considering two 
extreme examples:   

(1) 	 A worker receives a dose of 200 mR from a 60 keV source.  The open window 
information would be turned into a beta dose to the skin.  The filtered window would 
record little or no dose, say 30 mR. 

(2) 	 A worker receives a dose of 200 mR from a 662 keV source.  The photon energy is 
degraded by Compton scattering, so that in reality he receives 100 mR from photons in 
the energy range 30 keV < E < 250 keV and 100 mR from photons in the energy range 
E > 250 keV. The open window dose is turned into a beta dose to the skin.  The filtered 
window dose registers around 150 mR, as some of the lower energy photons are filtered 
out. 

Considering that the dose reconstructor does not know the photon energy spectrum the worker 
was exposed to, what dose value would be assigned for the 30 keV < E < 250 keV energy region, 
and what dose would be assigned for the E > 250 keV region?  
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5.1.4.1.7 Immersion Doses 

Immersion in a cloud of beta emitters may happen periodically at INL facilities and lead to 
important consequences for internal dosimetry.  The internal dose to the individual may be 
higher than that measured by a personnel dosimeter by one or more orders of magnitude.  A 
finger dosimeter would not provide the required exposure information, as it would be filtered and 
therefore could not be used to estimate beta dose.  A wrist dosimeter would give a better estimate, 
however, if it were located on the side of the wrist facing the beta source.  

It was said that during the teleconference with NIOSH experts that the film or TLD monitors 
would record the dose received due to immersion in a cloud of gamma emitters.  The dosimetry 
system is calibrated for AP irradiations.  The dose recorded on a dosimeter due to a semi-infinite 
cloud irradiation would be approximately half of the actual dose received.  NIOSH should, 
therefore, consider a weighting factor of 2 for immersion dose. 

5.1.4.1.8 High-Risk (Dose) Jobs 

The TBD indicates that there are facilities at INL (e.g., INTEC) where high beta fields exist.  
NIOSH should develop a list of high-risk (dose) jobs and provide corresponding beta/gamma 
dose rates and worker job doses.  This information will be helpful for dose reconstructions for 
personnel who had worked in such jobs and areas.  Working in areas where there are fragments 
or “hot particles” of fission products, for example, during the cleanup of a reactor destruction 
experiment or SL-1 accident, may lead to the deposition of hot particles with high beta dose rates 
(above 50 rad hr-1) on the clothing and, possibly, directly on the skin of the face or hands.  The 
beta radiation emitted from these hot particles will not be detected by the film or TLD dosimeters.  
For workers at fuel element or reactor cleanup operations, for small localized areas, the beta dose 
could be as high as 100–1,000 rads when calculated over a working day.  For claimants with skin 
cancer, location and job-specific information should be taken into account. 

5.1.4.1.9 Extremity Dose 

NISOH should evaluate the potential for missed extremity dose for workers (such as operators, 
pipefitters, machinists, mechanics, or instrument technicians) working in facilities, where highly 
contaminated equipment, piping, instruments, valves, and systems resulted in exposures in 
confined spaces to hands. This is especially true for facilities, such as reactors, fuel processing 
cells, and waste storage systems. 

5.1.4.1.10 Discrepancies Between PIC and Film Reading 

Many facilities at INL contained areas with high beta radiation rates.  However, as the distance 
between a worker and a planar beta-gamma source increases, the beta dose rate will fall off more 
quickly than the gamma dose rate.  Therefore, at a typical working distance from contaminated 
surfaces, the beta dose rate will be lower than the gamma dose rate.  

http:5.1.4.1.10


 
 

   
 

 

 

 

 

   

 
 

 

 

 

 
  

 

 

Effective Date: 
September 23, 2005 

Revision No. 
 0 (Draft) 

Document No. 
SCA-TR-TASK1-0005 

Page No. 
 101 of 186 

PIC dosimeters in the early years were fairly rugged, heavy devices, with steel cylindrical walls, 
and, therefore would record little contribution from beta radiation (perhaps a factor of 100–1,000 
times lower than an open window film dosimeter would record).  Additionally, PICs are known 
to have a larger uncertainty than films or TLDs, and are relatively fragile and easily disturbed.  
For example, when a PIC is dropped on the ground or otherwise shocked, the reading can shift 
anywhere, even off the scale. In addition, some PICs are "leaky" and will discharge quicker 
(show higher doses) than they should. 

The INL workers interviewed have a confidence problem with the film dosimeter readings (see 
site expert interview notes in Attachment 3).  However, if the PIC readings and the film readings 
are compared over a period of 1 year, and it is seen that the average comparison of PIC and film 
doses differs by more than say 30%–50%, this is evidence that the "deep dose" as reported by the 
film dosimetry service may have underestimated the Hp(10) dose.  

Workers consistently had access to their PIC results, and management periodically reported their 
film badge results to them.  In later years, personnel were issued an annual radiation exposure 
report. Hence, personnel were able to make their own comparisons between PIC and film badge 
readings. Interviewed site experts expressed concern regarding the underestimation of actual 
exposure by film badges.  For example, a site expert recalled that he received 500 mR on his PIC, 
yet his film badge result was 100 mrem for the same period of time.  When radiological control 
personnel were asked to explain the difference between the two readings, they indicated that the 
PICs were likely responding to the beta exposure. The β to γ ratios can vary from 1 to 1 to as 
high as 25 to 1 depending on the facility. The TBD should compare PIC verses film badge data 
(i.e., shallow and deep) and ensure that all the dose has been captured by the film badge.  It is 
important to note that some PICs were worn for only the length of the job, so the discrepancy 
between readings of the two dosimeter systems cannot be explained by drifting. 

An accurate estimate of the total "missed dose” may not be possible, but a rough idea of the 
"photon missed dose" could be obtained for each facility by the following:   

(1) Calculating the average dose and collective dose measured by film dosimetry shortly 

before the change to TLD dosimetry 


(2) Calculating the average dose and collective dose measured by TLD dosimetry shortly 
after the change from film dosimetry 

(3) 	 Comparing the two and possibly use the difference as a direct estimate of the “film lost 
photon dose” 

5.1.4.1.11 Minimum Detection Limit 

Determination of the minimum detection limit (MDL) takes the dosimetry system uncertainty 
into consideration. The mathematics of this process is discussed in the External Dose TBD.  
When using state-of-the-art dosimetry systems today, with a 20 mrem (0.02 mSv) MDL, there 
will be a number of "false positive" results.  As stated in the TBD (pp. 13–15), the necessary 
information to determine the MDL is not given in the NRTS file, but a value of 30 mrem chosen 
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by INL for Type 552 film would have been an optimistic MDL.  A value of 40 mrem (as adopted 
by SRS) would be more realistic for high-energy photons recorded many years ago.  Unless 
actual reports on tests of the MDLs of the INL dosimetry systems are available and are favorably 
evaluated, the more conservative SRS values could be used as surrogate MDLs for INL. 

The following is based on Determining the Lower limit of Detection for Personnel Dosimetry 
Systems. (Health Phys., 62(1): 2-9;1992.) 

Recording a result of a dosimeter as a dose when the dosimeter was not irradiated is known as a 
Type I error.  Most laboratories set their acceptance of a Type I error at 5% when calculating the 
MDL for a given assay. That is, for any value that is greater than or equal to the MDL, there is a 
95% confidence level that it represents the detection of a true dose.  The MDL (LD) for the film 
dosimetry system may be derived from the following equations (see figure below). 

LC = kα σo + Bo 

LD = LC + kβ σD 

If kα = kβ  = k, and for low values of σµ (note: see equation 14 of the above paper), then LD may 
be considered to be approximately (for a 95% confidence level) 

LD = 3.4 σo 

Unfortunately, the values cited for the 10, 20, and 30 mrem irradiations may not be used to 
estimate σo. For this calculation, approximately 20 or more non-irradiated monitors should be 
evaluated. The standard deviation of the optical densities may be used and then converted to a 
standard deviation in dose by multiplying by the optical density-to-dose coefficient for high-
energy photons. This coefficient, from figure 1 of the report, is about 10/0.02 = 500 mrem per 
optical density unit. The LD may then be calculated by multiplying the standard deviation in 
dose by 3.4. 
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The TBD mentions only the uncertainties due to the densitometer:  ± 0.02 optical density units. 
The uncertainties due to the densitometer reading are the smallest and best known of all the 
uncertainties involved in the process.  The largest uncertainty is the variation of the optical 
density due to the film development process.  Very strict quality control measures help to reduce 
these uncertainties, especially variations between film batches.  For example, the temperature of 
the film baths in one laboratory is controlled to 20°C ± 0.3°C, and even so, due to the continued 
use of the developing chemicals, the uncertainty in the optical density at 0.06 is ± 0.02.  The 
unevenness of the film emulsion adds a further 0.01 optical density units to the uncertainty at this 
level. 

These uncertainties do not take into consideration the use of the dosimeter in the field, with the 
additional associated uncertainties of energy and angular dependence, temperature and humidity 
considerations, etc. Looking at contemporary and modern film dosimetry systems, for high-
energy photons, the MDL for the INL dosimetry system could not have been less than 30 mrem, 
and 40 mrem (as used by the SRS profile) would be considered more likely and claimant 
favorable. 

5.1.4.1.12 Minimum Reporting Level 

NIOSH uses the detection threshold levels of the film badges and the TLDs as the MRL values 
for the missed dose calculation.  However, the information NIOSH used to determine these 
MRLs is not complete and sometimes not supported.  For instance, there is no information 
provided for the threshold levels for the original LiF Teflon TLDs and the Atlas TLDs.  For the 
Panasonic TLDs, the information is quite confusing for dose reconstruction.  NIOSH should re
examine the issue and provide more supporting information and a clearer explanation.  In 
addition, the TBD does not provide any information concerning the uncertainties associated with 
these threshold levels.  NIOSH should provide guidance to the dose reconstructors in assessing 
MRL uncertainties to ensure that the missed dose calculations are claimant favorable. 

5.1.4.2 Neutron Dose Issues 

For assessing missed neutron dose, the TBD adopts the sentiment that the INL neutron protection 
programs, dosimetry program, and record-keeping systems were reasonably complete and 
effective. This is shown in the following selection of quotations from the External Dose TBD: 

Most INEEL workers are not exposed to neutrons and so are not badged to 
measure neutrons. (TBD, pg. 25) 

Sources of neutron exposure include neutron sources at the instrument calibration 
laboratories and 14-MeV neutron generators used to characterize waste.  For 
these spectra, the NTA works reasonably well (TBD, pg. 25) 

Individuals who have the potential to receive neutron dose currently wear albedo 
badges, and experience has shown that most do not receive significant doses.” 
(TBD, pg. 25) 
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Most of the reactors built at the INEEL had no beam ports.  Thus the neutrons 
were generally well contained away from the workplace. The reactor core 
environment is characterized not only by high neutron levels, but also by very 
high gamma levels. The gamma shielding is often water and concrete which are 
also very good neutron shields. The neutron fields in the energy spectrum for 
reactors and lower will be attenuated much more quickly in concrete or water 
than will the gamma fields. This is not true for lead or iron, but these are usually 
not used as gamma shields where neutrons also exist.  Thus neutron fields are 
generally not a problem at an enclosed reactor. [Emphasis added] (TBD, pg. 25) 

In Table 6B-2 if the TBD, NIOSH provides maximum annual missed dose values for different 
neutron dosimeter types (NTA and TLD) based on laboratory MRLs for three different time 
periods; (1) 1951–1958, (2) 1958–1976, and (3) 1976 to present.  NIOSH believes these missed 
dose values are claimant favorable.  The TBD provides these instructions for using the missed 
dose table: 

To calculate the missed dose, the reconstructor must first determine if the person 
worked near neutrons and which category of neutrons.  This can best be done by 
looking for the work location and whether a worker or others in the badge 
reporting group were assigned any neutron dose equivalent.  The work location 
code for TRA where the MTR operated is 4 (also 40 to 45).  If no neutron dose 
was assigned to him/her or to co-workers for several months, the dose 
reconstructor should assume that the person was not exposed to neutrons so no 
neutron dose would be missed. 

If a worker was likely exposed to neutrons, the reconstructor should assign 
missed neutron dose equivalent using Table 6B-3 for the times when workers did 
not have reported neutron dose. For the period when NTA film was used, the 
dose should be multiplied by 1.25 for all facilities except the MTR experimental 
floor and by 2 for the MTR experimental floor when the MTR was operating 
between 1953 and 1970. Then the dose equivalent is apportioned into the IREP 
groups using Table 6B-3. (pg. 33) 

The TBD gives an example (the only example in the 6 TBDs) to demonstrate how the missed 
neutron dose for a worker at MTR can be calculated.  This represents a commendable strength in 
the TBD that would have been welcome elsewhere as well.  

For example, if in 1955 a person was an experimenter at the MTR, and 7 of the 
weekly badges recorded a total of 185 mrem neutron dose equivalent, the missed 
dose would be 315 mrem [(52-7)×14÷2] so the total dose by the badges would be 
500 mrem. Because the badge only sees about one-half the MTR neutron dose 
equivalent (from Section 6.3.4.3.1), the total dose equivalent is 1 rem.  To convert 
the 1 rem received from neutrons on the MTR experimental floor to equivalent 
dose, multiply the total dose equivalent by the last column of Table 6B-3 to get 
200 mrem to the <10-keV group, 60 mrem to the 10- to 100-keV group, 700 mrem 
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to the 0.1- to 2-MeV group, and 280 mrem to the above 2 MeV group for a total 
equivalent dose of 1.24 rem (pg. 33). 

For neutron organ dose evaluation, the TBD provides the following instruction: 

The calculated neutron dose equivalent to organ dose in each energy group 
should be multiplied by the conversion factors from ambient dose equivalent to 
organ dose for AP irradiation from Appendix B of NIOSH 2002 (pg. 34). 

NIOSH has included the following neutron dosimetry information in the TBD: 

(1) 	 The TBD indicates that neutron monitoring was not automatic for workers at INL 
facilities. As stated on page 17, “Kodak nuclear track emulsion-Type A (NTA) was used 
for neutron monitoring when the field radiation protection staff requested it. NTA 
responds to neutrons with energies above 500 to 800 keV, for which the proton recoil 
tracks leave enough energy to expose at least three (four in some references) grains of 
emulsion.”  [Emphasis added] 

(2) This type of neutron detector responds to neutrons with energies above 500 to 800 keV.  
The TBD assigns MRL values used for neutron track emulsions Type-A (NTA) at INL 
for two different time periods: 

a. 	 Before 1958, MRL = 14 mrem 
b. 	 After 1959, MRL = 20 mrem 

NIOSH’s approach in the determination of these two MRLs is not sound, as they are based 
on the lowest recorded neutron doses in several dose cards. 

(3)	 The TBD identifies that there were missed neutron doses below the NTA energy 
threshold of 0.5 to 0.8 MeV, particularly at plutonium facilities.  Hankins (TLD) 
dosimeters were used at INL to capture thermal neutrons.  The TBD provides INL facility 
neutron correction factors (FNCF) for 1981. 

(4) 	 The TBD states that assuming INL changed from NTA to Hankins albedo dosimeters in 
1976 is claimant favorable.  

(5) 	 The TBD describes that the calibration of the NTA was done with a 30-Ci PoBe source in 
1958. The uncertainties assigned were at the 90% confidence level.  In order to 
compensate for the energy limitations of these emulsions, neutron pencil dosimeters were 
also used. In 1982, an AmBe source was used.  In 1993, INL changed to an unmoderated 
Cf-252 source for calibration. The TBD lists in Table 6-4 the sources of laboratory bias 
in neutron calibration historically at INL. 

Alpha particles from the americium or polonium interact in the reaction 
9Be(α,n)12C, and generate a broad spectrum of neutrons up to about 11 
MeV (mean energy about 5 MeV).  [Emphasis added.] (TBD, pp. 19–20) 
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(6)	 The TBD evaluates neutron radiation fields and measured neutron doses at INL facilities.  
1n 1979, the TBD indicates that five people received neutron doses between 0.5 and 
1 rem, and 79 received measurable doses below 0.5 rem.  The TBD also represents 
(Figure 6-11) that only 54 out of 1,461 neutron dosimeters measured reportable doses in 
1995, and that only 6 of the 54 reportable doses were above 35 mrem.  The MRL for 
neutron TLDs was taken as 15 mrem. 

(7) The TBD presents in Figure 6-12 the results of a relative bias study on neutron field 
measurements. 

(8) 	 The TBD identifies the sources of neutron exposure at INL, including the instrument 
calibration laboratories, neutron generators, and reactors.  However, the major 
contributors are the Material Test Reactor (MTR) and the Test Area North (TAN) Fuel 
Storage Casks: 

a. 	 MTR – The MTR, which operated from 1952 to 1970, had beam ports and neutron 
beams extending onto a research floor.   

The exception to the above discussion is the MTR [Material Test 
Reactor], which operated from 1952 to 1970 and had beam ports 
and neutron beams extending onto a research floor.  Also in this 
category are the Zero Power Physics Reactor (ZPPR) and 
Transient Reactor Test (TREAT), both at Argonne West.  Some 
neutron surveys of the MTR experimental floor have been 
recovered (Sommers 1959, 1962; Hankins 1961), but these 
individually do not provide all components of the radiation field. 
(TBD, pg. 27) 

The supplement to this TBD describes in detail a 1961 neutron field study at MTR 
by Hankins. The TBD acknowledges that MTR personnel would have missed dose 
for neutrons with energies below 0.5 to 0.8 MeV.  To correct for this missed dose 
for exposures on the MTR experiment floor, the TBD recommends multiplying the 
NTA results by 2 ±0.2 for a Monte Carlo dose reconstruction or by 3 for the less 
accurate worst-case dose reconstruction.  The TBD also concludes that the total 
neutron dose equivalent is 0.58 ± 0.48 of the gamma dose equivalent on the MTR 
experiment floor.  NIOSH believes many workers wearing NTA film badges would 
receive gamma dose at locations other than on the MTR experiment floor while the 
reactor was operating.  For example, an RCT may be covering jobs with only beta 
gamma fields, and a craftsperson may be servicing pumps carrying radioactive 
water and not receive any neutron dose. The TBD recommends using a lower 
multiplying factor of gamma dose equivalent; 1.6 or 2.1.  This approach is not 
claimant favorable. 

b. 	 TAN Fuel Storage Casks – Some fuel storage casks were located on a storage pad at 
TAN. The dose rates were 25–30-mrem/hr gamma and 40-mrem/hr neutron.  The 
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metal casks attenuate the gamma radiation, but not the neutron field, by a 
significant amount. The casks were moved to the Warm Shop for tests, where they 
remained for about 2 weeks before being moved back out to the pad.  Neutron 
levels were discovered in the offices by an area TLD albedo system.  Six people 
were not wearing albedo neutron badges.  The estimated dose equivalent for full 
time occupancy is less than 50 mrem for each cask evolution taking into account 
attenuation by distance between the casks and office and by shielding from building 
concrete. 

(9) The TBD summaries the typical neutron personnel dosimeter parameters important to 
Hp(10) performance for the dose reconstruction in Table 6-7.  NIOSH identifies the most 
important parameter as the difference between calibration and workplace neutron energy 
spectra. 

(10) Table 6B-3 of the TBD lists the locations at the INL facilities where it believes exposure 
to neutron radiation is credible. These locations include instrument calibration 
laboratories, waste characterization facilities (RWMC, SWEPP, 14-MeV neutron 
generator), neutron source research laboratories, and reactors (MTR, ZPPR, and TREAT). 

(11) The TBD presents the neutron weighting factors (function of energy) used to replace the 
neutron quality factors. With these weighting factors, INL corrected the dose equivalent 
to a newer dose quantity: 

Table 6-8 lists the calculated fractions of dose equivalent in the IREP 
energy groups and the conversion factors from dose equivalent to 
equivalent dose for INEEL spectra.  The ratios of average radiation 
weighting factor to average quality factor for the IREP energy groups 
have some variation, particularly for the 10-100 keV group where the 
energy dependence of the fluence is radically different for the fission and 
14 MeV source than for the reactor spectrum. The lower part of the table 
lists the recommended default values for the dose equivalent fractions and 
quality factor corrections. (TBD, pg. 31) 

(12) The TBD estimates the uncertainties associated with neutron measurements as follows: 

The total uncertainty for neutrons is probably larger at about 60% at one 
sigma. The cause of the greatest uncertainty for neutrons is the variation 
of dose caused by an organ’s position in the body.  For 1 MeV neutrons, 
the dose facing the source is about a factor of 1000 higher than the dose 
on the back side of a 30 cm diameter sphere of tissue- like material.  In a 
work environment, the direction of the neutrons may be unknown, but it is 
often from many directions which reduces the impact of this uncertainty 
driver. (TBD, pg. 34) 

(13) NIOSH provides a TIB supplement to this TBD.  	This TIB reanalyzes the neutron field 
measurements performed by Dale Hankins using Bonner Balls in 32 locations around 
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MTR at INL in 1961. The Hankins data were reanalyzed using detector responses 
calculated by Hertel and Davidson for 171 energy groups from thermal to 17.3 MeV.  
Neutron dose equivalent (mrem/hr) values were determined for these field measurements 
and are listed in Table 1 and Table 2. The comparisons (ratios) of the different 
components of the neutron dose equivalent rate are provided in Table 3.  The NTA 
neutron dosimeters used at MTR respond only to neutrons above 0.5 to 0.8 MeV.  The 
TIB also presents the dose equivalent rate, the fraction of the dose equivalent, the ratios 
of the neutron ambient dose equivalent and the neutron dose equivalent, and the 
corresponding NTA response in each of the IREP energy regions in Table 4. 

In summary, the TBD draws the following conclusions: 

(1) 	 NTA dosimeters were used to monitor workers for neutron exposure between 1951–1976 

(2) Monitoring of workers was performed only at the request of radiation protection staff 

(3) 	 Minimum reportable levels (MRLs) for neutron exposures were defined at 14 mrem
 
(1951–1958) and 20 mrem (1959–1976) 


(4) Before 1982, calibration of NTA dosimeters was performed with PoBe source with a 
broad neutron energy range of up to 11 MeV with a mean energy of 5 MeV 

(5) Principal sources of neutron exposure to INL workers were the instrument calibration 
laboratories and 14 MeV neutron generators.  Because most of the INL reactor fuel cores 
were “shielded” by water and concrete and had no beam ports, neutron fields created by 
reactors were “. . . generally not a problem.” 

5.1.4.2.1 Minimum Reporting Level 

NIOSH did not use the detection threshold levels of the NTA emulsion and the albedo TLD 
dosimeters as the MRL values for the missed neutron dose calculation.  Instead, NIOSH 
reviewed a limited number of neutron dose data sheets to identify the lowest dose assigned to the 
worker. This lowest dose was then used as the MRL value.  For instance, NIOSH reviewed one 
data sheet from March 1958 and determined that the MRL, for the period between 1951 and 
1958, was 14 mrem, because that was the lowest reading of the 10 neutron readings on the data 
sheet. In the other instance, NIOSH reviewed three data sheets, one from November 1959, 
another from January 1962, and the third from April 1959.  These three data sheets show a total 
of six neutron readings; 10, 20, 20, 20, 20, and 40 mrem.  NIOSH determined the MRL value to 
be 20 mrem.  This approach is not thorough and supported.  Ten neutron readings in one data 
sheet from March 1958 could not represent reasonably the MRLs from 1951 to 1957.  It is 
possible that the MRL was higher before 1959. Similarly, it is not reasonable to use six neutron 
readings to represent all neutron measurements between 1959 and 1976.  NIOSH needs to 
evaluate the history of MRL values in those years in more detail. 

In addition, for NTA film dosimeters, NIOSH’s values of 14 mrem and 20 mrem appear low and 
are inconsistent with generic values given for NTA dosimeters, as well as values cited by other 
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DOE facilities with similar neutron source terms.  For example, Section 2.2.2.1 of OCAS-IG-001 
provides the following generic MRL value as given in the following statement: 

Watson (1959) discussed the neutron monitoring practices at the Hanford 

facilities and reported the limit of detection/reporting limit for the neutron 

dosimeter in the early 1950s was 90 mrem.
 

For the Rocky Flats Plant, Table 6-17 of ORAUT-TKBS-0011-6 cites the following period-
specific limits of detection. 

Period LOD 
1951–1958 400 mrem 
1959–1960 128 mrem 

1961 120 mrem 
1962–1963 369 mrem 

1964 320 mrem 
1966–1970 120 mrem 

Several major DOE sites, including Hanford and Savannah River, have acknowledged the 
limitations and deficiencies of NTA film, along with the recommendation of using location-
specific neutron-to-photon ratios as a surrogate means for assigning neutron exposure.  As for 
the albedo TLDs, NIOSH does not provide any information concerning the detection threshold 
values or MRL used from 1976 to the present time.  NIOSH should provide supporting data for 
the MRL value of 15 mrem listed in Table 6B-2. 

Similarly, the TBD does not provide any information concerning uncertainties associated with 
these MRL values. It is very important for NIOSH to provide guidance to the dose 
reconstructors in arriving at a set of claimant favorable MRLs for the missed dose calculations, 
especially when the approach used to determine the MRLs is not very sound.  

5.1.4.2.2 Failure to Properly Address Neutron Exposures at INL Reactor Facilities 

The TBD presumes that neutron exposures at INL’s reactors are “. . . generally not a problem” 
and may, therefore, be ignored.  But INL had a total of 52 reactors, most of which were 
experimental/prototypes in design.  For example, in the 1950s, INL began testing of 
experimental reactors as part of its Aircraft Nuclear Propulsion (ANP) Program.  Between 1953 
and 1961, three reactor assemblies were used for a variety of tests that evaluated reactor control 
systems, various nuclear fuels, and the consequences of potential system failures.  The testing 
program for the three HTRE (Heat Transfer Reactor Experiment) assemblies was designated as 
Initial Engine Tests (IETs).  There were a total of 26 IETs in all.  Due to the very nature of 
unprecedented engineering designs and ANP test objectives, these reactor prototypes were 
designed for high power densities, and with minimum shielding and neutron moderation.  

It is understandable that there are difficulties in assessing neutron spectra for this complex array 
of reactor facilities/operations for the purpose of defining correction factors for NTA film 
dosimeters.  However, the current approach for assessing neutron exposures at INL reactor 
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facilities is clearly inadequate.  NIOSH should revise the missed neutron dose approach in this 
TBD. 

5.1.4.2.3 Neutron Calibration Deficiencies 

Based on information presented in ORAUT-TKBS-0007-6, NTA dosimeters were exclusively 
calibrated by a PoBe source, which generates high-energy neutrons.  While this may provide a 
suitable calibration for select dosimeters used to monitor workers at these calibration laboratories, 
for other neutron sources with lower energy spectra, neutron doses must be expected to be 
significantly under-recorded (if recorded at all).  In brief, NTA dosimeters must be calibrated to 
a neutron spectrum that closely resembles that of a given workplace. NIOSH needs to evaluate 
the missed neutron dose to workers because of this calibration deficiency. 

5.1.4.2.4 Completeness and Quality of INL Neutron Dosimetry and Record-Keeping Programs 

Similar concerns about the completeness and quality of INL dosimetry exist for neutron 
measurements as for gamma and beta measurements.  The opening discussion of 
Section 5.1.4.1.1 and the following two sections on gamma and beta dosimetry apply as well to 
neutron dosimetry.  Again, NIOSH should investigate the deficiencies mentioned with respect to 
detection of all three types of radiation. 

5.1.4.2.5 Uncertainty Estimation 

The main difficulty in assigning uncertainties to neutron measurements is the strong energy 
dependence of the neutron detection systems.  To estimate the uncertainties for the INL 
dosimetry systems, it is necessary to know how these systems were calibrated.  External Dose 
TBD Table 6-2 (page 18) gives the Facility Neutron Correction Factors (FNCF) by facility; 
however, it is not clear from the text if these factors were previously applied to the recorded 
neutron dose, or whether they should be applied now by the dose reconstructor.  It is not 
explained in the text how these FNCFs were obtained.  If the albedo dosimeter were well 
“calibrated” for each INL workplace, then the uncertainties applied for neutron dosimetry in the 
field (and not in the calibration laboratory) would be on the order of 70%–100%.  

5.1.4.2.6 Neutron Organ Dose 

For the dose reconstructor to be able to assess the organ doses, it is necessary to make a neutron 
spectrum breakdown for each INL facility with neutron fields into five energy groups;  
E <10 keV, 10 < E < 100 keV, 0.1 < E < 2.0 MeV, 2.0< E < 20.0 MeV, and E > 20.0 MeV. It 
seems that the MTR has been well characterized in terms of neutron spectra.  However, similar 
information on other reactor projects, including ZPPR and TREAT, is missing.  NIOSH should 
provide information and guidance for dose reconstruction for workers at the latter two reactors.  
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5.1.4.2.7 High-Risk (Dose) Jobs 

The TBD has indicated that sources of neutron exposure at INL include neutron sources at the 
instrument calibration laboratories and 14-MeV neutron generators used to characterize waste.  
NIOSH believes most of the reactors built at INL had no beam ports, and neutrons were 
generally well contained and kept away from the workplace.  NIOSH also believes that neutron 
fields will be attenuated much more quickly in concrete or water than will gamma fields, so 
neutron fields are generally not a problem at an enclosed reactor.  However, the TBD identifies 
MTR, APPR, and TREAT as potential problem neutron sources because of their beam ports and 
neutron beams.  In fact, other reactor facilities, like ETA and ATR, also had neutron beams.  
NIOSH should treat these facilities as well. 

In addition, NIOSH should develop a list of high-risk (dose) jobs at INL facilities, and provide 
corresponding neutron dose rates and worker job doses.  This information will be helpful for 
dose reconstructions. Since there are also many employees working at these facilities who may 
not have been monitored by wearing neutron dosimeters, it is essential for dose reconstruction to 
develop missed dose for unmonitored workers.  

5.1.4.2.8 Multiplying Factors for Missed Neutron Dose 

For calculating missed neutron dose when the MRL for NTA film is taken from Table 6B-2, the 
TBD indicates the neutron dose should be multiplied by 1.25 for most workers or by 2 for 
workers on the MTR experimental floor.  NIOSH should provide data to support these two 
factors. 

In addition, the TBD recommends assigning 50 mrem of neutron dose to the few office workers 
without neutron dosimetry at the TAN Warm Shop office for each period they were exposed to 
the fuel storage casks. NIOSH should provide data to support this fixed missed neutron dose 
default value. 

5.2 OTHER OBSERVATIONS 

In addition to the specific findings and observations that appear in other sections of this report, 
there are several general observations that can be made.  These can be distilled into the following 
two broad observations: 

Observation 1: The content and organization of the INL site profile TBDs are quite uneven, 
where useful default values and specific guidance for dose reconstructors are often buried among 
general discussions about site activities, history, and technical information about dosimetry, 
which may or may not have practical application.  In addition, there are an insufficient number of 
INL site-specific TIBs to provide guidance similar to those available for the Savannah River Site. 
There is only one (in the occupational neutron missed dose section) example given in the TBDs 
to help dose reconstructors apply the guidance.  In some cases, there is no explanation why a 
default value is recommended and why it is deemed by NIOSH to be claimant favorable.  The 
INL dose reconstruction workbook, which NIOSH provided to SC&A after the site profile TBD 
review process began, is just a large spreadsheet containing dose equations and default values in 
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various cells. It is not readily comprehensible or user-friendly.  There are no help pages to assist 
dose reconstructors in walking through data entry, default values and parameters selection, and 
dose calculation process.  We also understand that there is no accompanying manual to the 
spreadsheet. While we know that the spreadsheet is intended for viewing and use only by the 
cognoscenti performing claimant reviews, some guidance and explanation should be provided to 
ensure that it is being used correctly. 

Observation 2: The four authors of the INL TBDs and TIB are the most site-specific 
experienced and knowledgeable technical experts working on the development of the INL site 
profile. These four authors were intimately involved in the development, management, and 
implementation of the INL Radiological and Dosimetry programs in the past and the present.  
They understandably demonstrate confidence in the INL radiological protection programs.  They 
relied heavily on their own experience and knowledge, and past INL environmental reports and 
dosimetry records in developing the TBDs, and used many of the reports that they personally 
authored as reference material.  They did not interview any present or retired workers before they 
completed their work.  They did not review any safety-related audit reports conducted by DOE
HQ and DNFSB, but they did interview some of the current INL staff and requested all 
dosimetry records.   



 
 

   
 

 

 

 

 

 

 

 

 

 

Effective Date: 
September 23, 2005 

Revision No. 
 0 (Draft) 

Document No. 
SCA-TR-TASK1-0005 

Page No. 
 113 of 186 

6.0 	 OVERALL ADEQUACY OF THE INL SITE PROFILE AS A BASIS 
FOR DOSE RECONSTRUCTION 

The SC&A site profile review procedure calls for both a “vertical” assessment of a site profile 
for purposes of evaluating specific issues of adequacy and completeness, and a “horizontal” 
assessment of how the profile satisfies its intended purpose and scope.  This section addresses 
the latter objective by evaluating (1) how, and to what extent, the site profile satisfies each of the 
five objectives defined by the Advisory Board for ascertaining adequacy; (2) the usability of the 
site profile for its intended purpose (i.e., to provide a generalized technical resource for the dose 
reconstructor when individual dose records are unavailable); and (3) generic technical or policy 
issues that transcend any single site profile that need to be addressed by the Advisory Board and 
NIOSH. As mentioned in the Introduction, the practice of addressing the same items from 
several different perspectives has led to some redundancy in the report.  

6.1 SATISFYING THE FIVE OBJECTIVES 

The SC&A review procedure, as approved by the Advisory Board, requires that each site profile 
be evaluated against five measures of adequacy; (1) completeness of data sources, (2) technical 
accuracy, (3) adequacy of data, (4) site profile consistency, and (5) regulatory compliance.  The 
SC&A review of the INL site profile finds that the profile generally satisfies these objectives, 
although several shortcomings and potential issues of varying significance need to be addressed.  
Many of the issues involve a lack of sufficient conservatism in key assumptions or estimation 
approaches, incomplete analyses of data, or incomplete reflection of operational or dosimetric 
history. Key issues are summarized below and in Table 6-1 (which is a duplicate of Table 1-1), 
which provides a matrix representation of the identified issues sorted according to the SC&A 
findings and observations. Detailed evaluation and discussion of these issues is provided 
elsewhere in this report. 

An “X” in the table indicates significant shortfalls in meeting the corresponding review 
objectives for the indicated topics in the INL site profile.  These shortfalls have been discussed 
either within the text of the findings themselves, or, in many cases, in special sections that 
address one or more of these shortfalls. The first column of the table indicates the primary place 
within the report that treats each issue. The last column of the table presents three categories of 
potential related regulatory non-compliance concern for the listed issues.  These three categories 
are defined again briefly as follows: 

• 	 Category 1: Least challenged by any deficiencies in available dose/monitoring data are 
dose reconstructions for which even a partial assessment (or minimized dose(s)) 
corresponds to a probability of causation (POC) value in excess of 50%, and assures 
compensability to the claimant.   

• 	 Category 2: The use of upper bound values is limited to those instances where the 
resultant maximized doses yield POC values below 50%, which are not compensated.  
For this second category, the dose reconstructor needs only to ensure that all potential 
internal and external exposure pathways have been considered.  
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• 	 Category 3: The most complex and challenging dose reconstruction represents claims 
where the case cannot be dealt with under one of the previous two categories and a 
detailed analysis is required. 

Table 6-1: Issue Matrix for the INL Site Profile 

Descriptions (a) 
Issue 

Classification 

Objective 1: 
Completeness 

Of Data 

Objective 2: 
Technical 
Accuracy 

Objective 3: 
Adequacy of 

Data 

Objective 4: 
Site Profile 
Consistency 

Objective 5: 
Regulatory 

Compliance (b) 
Issue 1:  (5.1.1.1) Routine Airborne 
Releases Finding (5) X X X X Category 2 

Issue 2:  (5.1.1.2) Episodic Airborne 
Release Finding (6) X X X X Category 2 

Issue 3:  (5.1.1.3) Direct Gamma 
Exposures Finding (7) X X X X Category 2 

Issue 4:  (5.1.2.1) Completeness and 
Quality of INL Internal Dosimetry 
Programs Finding (8) X X X X Category 3 

Issue 5:  (5.1.2.2) High-Risk Jobs 
(Internal Exposure) Finding (9) X Category 1 

Issue 6:  (5.1.2.3) Calibration of 
Internal Dosimetry Analytical and 
Monitoring Equipment 

Observation X X 

Issue 7:  (5.1.2.4) Changes of Internal 
Dose Limits Observation X 

Issue 8:  (5.1.2.5) High Fired 
Plutonium and Uranium Intakes Finding (10) X Category 1 

Issue 9:  (5.1.2.6) Skin and Facial 
Contamination Observation X Category 3 

Issue 10:  (5.1.2.7) Breathing Rates Observation X 
Issue 11:  (5.1.2.8) Non-Occupational 
Worker Elimination of DU 
Background 

Finding (11) X X X Category 2 

Issue 12:  (5.1.2.9) Unmonitored 
Workers Observation X 

Issue 13: (5.1.2.10) Naval Reactor 
Facility Workers Observation X Category 2 

Issue 14:  (5.1.2.11) Plutonium 
Monitoring  Observation X X X Category 1 

Issue 15:  (5.1.3) SL-1 Accident Dose 
Reconstructions Finding (1) X X X 

Issue 16:  (5.1.4.1.1) Completeness 
and Quality of INL Beta/Gamma 
Dosimetry and Record Keeping 
Programs 

Finding (8) X X X Category 3 

Issue 17:  (5.1.4.1.2) Penetrating and 
Non-Penetrating Doses Finding (4) X X X X Category 3 

Issue 18:  (5.1.4.1.3) Correction For 
Beta Doses Observation X X 

Issue 19:  (5.1.4.1.4) Angular 
Dependence Correction Factor for 
Gamma Dose 

Observation X 

Issue 20:  (5.1.4.1.5) Restating Beta 
Dose As Gamma Dose Observation X 

Issue 21:  (5.1.4.1.6) Photon Spectrum 
Split Observation X X 

Issue 22:  (5.1.4.1.7) Immersion Dose Observation X X X 

Issue 23:  (5.1.4.1.8) High-Risk Jobs 
(Beta/Gamma Exposure) Finding (9) X Category 1 

Issue 24:  (5.1.4.1.9) Extremity Dose Observation X Category 2 

Issue 25:  (5.1.4.1.10) Discrepancies 
between PIC and Film Reading Observation X 

Issue 26:  (5.1.4.1.11) Minimum Observation X X 
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Table 6-1: Issue Matrix for the INL Site Profile 

Descriptions (a) 
Issue 

Classification 

Objective 1: 
Completeness 

Of Data 

Objective 2: 
Technical 
Accuracy 

Objective 3: 
Adequacy of 

Data 

Objective 4: 
Site Profile 
Consistency 

Objective 5: 
Regulatory 

Compliance (b) 
Detection Limit 
Issue 27:  (5.1.4.1.12) Minimum 
Reporting Level (Beta/Gamma) Finding (3) X X X Category 2 

Issue 28:  (5.1.4.2.1) Minimum 
Reporting Level (Neutron) Finding (3) X X X Category 2 

Issue 29:  (5.1.4.2.2) Failure to 
Properly Address Neutron Exposures Finding (2) X X X X Category 1 

Issue 30:  (5.1.4.2.3) Neutron 
Calibration Deficiencies Finding (2) X X X Category 3 

Issue 31:  (5.1.4.2.4) Completeness 
and Quality of INL Neutron 
Dosimetry and Record Keeping 
Programs 

Finding (8) X X X X Category 3 

Issue 32:  (5.1.4.2.5) Uncertainty 
Estimation for Neutron Doses Observation X X X 

Issue 33:  (5.1.4.2.6) Neutron Organ 
Dose Observation X 

Issue 34:  (5.1.4.2.7) High-Risk Jobs 
(Neutron Exposure) Finding (9) X Category 1 

Issue 35: (5.1.4.2.8) Multiplying 
Factors for Missed Neutron Dose Observation X X X X Category 3 

Table Notes: 
(a) Report section numbers discussing the issues are given after the issue number. 
(b) Category 1:  Least challenged by any deficiencies in available dose/monitoring data are dose reconstructions for 

which even a partial assessment (or minimized dose(s)) corresponds to a probability of causation (POC) value in 
excess of 50%, and assures compensability to the claimant. 
Category 2: The use of upper bound values is limited to those instances where the resultant maximized doses 
yield POC values below 50%, which are not compensated.  For this second category, the dose reconstructor 
needs only to ensure that all potential internal and external exposure pathways have been considered.  
Category 3: The most complex and challenging dose reconstruction represents claims where the case cannot be 
dealt with under one of the two other categories. 

6.1.1 Objective 1:  Completeness of Data Sources 

The breadth of data sources used as a basis for the INL Site Profile is evident in the 287 
reports, papers, and other documents cited as references, including a number of authoritative 
historical documents dating back to the start of site operations in the early 1950s.  Based on a 
review of the INL Site Description TBD (Rohrig 2004s), it is evident that NIOSH effectively 
compiled and characterized activities and operations at 14 areas and 101 facilities and processes.  
In fact, this review cites the breadth of operational data provided in several places as a strength.  
Also noteworthy is the use of the minimum reporting levels as a simple approach (Taulbee 2002) 
for calculating missed external doses for workers that are provided in Attachment 6B of the 
Occupational External Dose TBD (Rohrig 2004e).  Notwithstanding the general excellence of 
the data sources, SC&A identified a number of areas to be deficient:   

(1)	 The workers interviewed by SC&A as part of the site expert interview process 
(Attachments 2 and 3) characterized the site as having areas and jobs capable of 
delivering acute doses to workers. SC&A found that the TBDs lack separate 
characterization and in-depth consideration of high-risk/dose (acute) jobs at INL facilities. 
Although extensive descriptions of key operations and processing facilities are included 
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in the TBD, high-risk or high-dose jobs in the INL facilities have not been evaluated and 
potential missed doses are not considered. 

(2) 	 SC&A found a lack of characterization of potential missed neutron exposures to workers 
at the INL reactors in the Occupational External Dose TBD, even though INL had a total 
of 52 reactors, most of which were experimental/prototype in design.  These reactors 
often were built with high power densities and with minimum shielding and neutron 
moderation. It is inadequate to presume that there are no missed neutron doses at INL 
reactors.  

(3) 	 SC&A found a lack of characterization of contaminated soil or materials stored outdoors 
at INL facilities, such as RWMC or ICPP, in the Occupational Environmental Dose TBD.  
For example, dry contaminated evaporation ponds at the reactor and fuel processing 
facilities are not characterized.  The contaminated soils or materials that are present may 
be resuspended by blowing winds and vehicular activities, and inhaled by unmonitored 
employees working outside the facility buildings.  In addition, the TBD did not evaluate 
the adequacy of the environmental monitoring instrumentation and validity of its 
collected data. 

(4) 	 SC&A found a lack of characterization of potential worker exposures at the High-Level 
Liquid Waste Tank Farms (at TAN, ICPP, and TRA), and in remediation and waste 
management in general.  The list of radionuclides provided for those operations is 
incomplete and increases the potential for missed dose.  

(5) 	 The authors of the TBDs demonstrate their general confidence with the radiological 
protection practices, environmental monitoring programs, internal dosimetry programs, 
external dosimetry programs, analytical laboratory programs, quality assurance programs, 
and above all, the dosimetry record-keeping systems at INL over the entire operating 
history. Perhaps as a consequence, the TBDs do not consider potential missed doses due 
to deficient work practices and missing worker dose records.  NIOSH did not request and 
review field data and facility specific records, including field log books, RWPs, PEQs, 
incident reports, occurrence reports, and contamination reports that may provide data and 
information for missed worker doses.  It is important for NIOSH to validate that all 
pertinent records (such as incident report, personnel contamination reports, over-exposure 
reports, doses received at other DOE facilities due to temporary assignments, and other 
records essential for the dose reconstruction) are included in the worker files provided by 
DOE to the claimants.  

(6) SC&A also found an inadequate characterization of worker internal exposures.  	The site 
profile evaluated the recorded worker internal doses only for the period between 1992 
and 2000, which does not cover the more problematic early years of the INL site 
operation from 1949 to 1991.  Instead, the TBD evaluated urinalysis results for 1959, 
1960, and 1961, and whole-body counting results for 1963. The TBD also provides in 
vitro for urine samples and in-vivo MDAs for the entire site history.  These data are not 
sufficient to provide any comparison or support for the missed worker internal doses. 
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(7) The TBDs do not characterize or provide any information on the potential missed worker 
doses due to extremity exposure, skin contamination, facial contamination, and ingestion.  
Many of these potential missed worker doses could be found at various facilities, such as 
ICPP and SMC. 

(8) 	 The TBDs also lack characterization of the potential missed internal and external doses 
for the hundreds of rescue and cleanup workers involved with the SL-1 accident that 
occurred in January 1961. It is a fact that the equipment used and the radiological control 
policies in that era were not as advanced and protective as those currently available.  The 
TBDs should provide adjustment factors for stay-time used, dose field estimates, internal 
dose results, external dose readings, and contamination level estimates.  

6.1.2 Objective 2: Technical Accuracy 

There are a number of issues identified in the course of this review that may be classified as 
deficiencies in technical accuracy: 

(1) The derivation of the background value of 0.16 µg/L used for subtraction from each 
urinalysis result of uranium prior to assessment of occupational internal dose for SMC 
radiation workers is not technically sound.  The baseline background (population) intake 
value was determined by a study of urine samples submitted by non-radiation employees 
working at the SMC facility. A better approach would be to use urine samples from non-
INL people in the Idaho Falls area, far removed from any sources of radioactivity.  This 
approach would not create a suspected bias due to uranium intake through various 
pathways (inhalation and ingestion) by non-radiation workers while working at the SMC 
facility.  During the site expert interviews, the dosimetry staff indicated that they tried to 
use residents from the Idaho Falls area, but no one was willing to sign a liability waiver 
form.  In a subsequent study, they used 16 non-radiation workers from the CFA.  In 
addition, the selected background value (0.16 µg/L) is significantly higher than the 
national average background value. 

(2) 	 There are deficiencies in the neutron calibration program at INL.  Due to the use of a 
PoBe source for neutron calibrations, dosimeters would significantly under measure 
neutron doses from sources with lower energy spectra.  These deficiencies could cause 
significant missed neutron doses. 

(3) 	 The technical accuracy of the approach suggested for estimating missed internal doses for 
workers exposed to plutonium or uranium whose intakes (mainly inhalation) were 
assessed mainly by in-vivo counts is not scientifically established.  The approach is not 
persuasive in view of the varying age and isotopic composition of plutonium or uranium 
at the INL site (similar to Hanford).  

(4) The overall approach of the Occupational Internal Dose TBD is to use the significant 
radionuclides for ICPP processed fuels as the most limiting (bounding) source terms for 
the calculation of missed worker internal doses.  These source terms were suggested to be 
well-tagged with beta-emitting radionuclides, which allowed beta/gamma-detecting 
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CAMs to be used at ICPP. As a result, all possible alpha contamination or internal 
exposures would have been detected and monitored.  In reality, there are facilities and 
areas at INL, such as the calciners, where alphas sources predominate and beta-emitting 
radionuclides cannot be used as a tag. Hence, the overall approach reported in the TBD 
is not sound and bounding, because it ignores the fact that there were shortcomings in the 
earlier CAM systems and also deficiencies in the internal exposure control work practices 
at ICPP and other INL facilities. Many site experts interviewed indicated that there were 
significant incidents where internal over-exposures and personnel contamination occurred 
at INL facilities that were not monitored or documented. 

(5) 	 The MESODIF model (mesoscale isopleths) used in the Occupational Environmental 
Dose TBD to determine the ground radionuclide concentrations from airborne releases 
due to routine operations or episodic events from INL facilities was found to be deficient 
by the DOE-HQ Tiger Team in 1991 (DOE-HQ 1991).  These concentrations were used 
to calculate the default worker intake values in different INL facilities.  Therefore, the 
validity of default intake values provided in Tables 4-1 through 4-12 is jeopardized.  
NIOSH should evaluate the deficiencies in the model and determine the associated 
uncertainties. Specifically, the TBD did not evaluate the doses to workers outdoors 
associated with episodic releases to the atmosphere. 

(6) The Occupational Environmental Dose TBD uses the fence-line TLD results provided in 
the environmental monitoring data reports to determine the direct gamma doses from 
airborne releases and their cumulative ground depositions to personnel working outdoors.  
This approach assumes all workers working outdoors at a specific facility would receive 
an average direct gamma dose from normalized ground concentrations.  If the assumption 
were valid, the fence-line TLD results should be adjusted by multiplying a weighting 
factor to account for uncertainties in TLD sensitivity and geometry.  However, this 
approach is not entirely valid, because it does not take into account the most limiting 
scenarios, i.e., (1) outdoor workers may become immersed in the plume of routine or 
episodic releases from the facility stack; (2) outdoor workers may inhale resuspended 
cumulative ground radionuclide depositions; and (3) the cumulative ground 
concentrations inside the fence line are generally higher than that near the fence line.  The 
fence-line TLDs are too far from the bounding source terms to represent the actual direct 
gamma doses received by the outdoor workers.  Therefore, this TBD approach is not 
claimant favorable.   

(7) The approach in calculating the missed external doses (both gamma and neutron) by 
using the minimum reporting level equation is not claimant favorable.  This suggested 
approach is based on OCAS-IG-001 (Taulbee 2002), which assumes a statistical average 
dose value (MRL/2) for all workers. However, the dose reconstruction for a particular 
worker, especially in a compensable case (with cancer), should use the bounding dose 
value (i.e., MRL instead of MRL/2). In addition, the development of the MRL values 
was not comprehensive in the Occupational External Dose TBD, and NIOSH’s MRL 
values of 14 mrem and 20 mrem appear low and are inconsistent with generic values 
given for NTA dosimeters, as well as values cited by other DOE facilities with similar 
neutron source terms and dosimeters. 
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6.1.3 Objective 3: Adequacy of Data 

(1) Questions regarding data adequacy, where they arise in the SC&A evaluation, have 
largely focused on the adequacy of available facility release data and fence line TLD dose 
values for estimating occupational environmental doses to unmonitored outdoor workers, 
who may have been immersed in release plumes, inhaled resuspended contaminated soils, 
and exposed to direct gamma radiation from accumulated ground depositions.  

(2) Since the Occupational Internal Dose TBD does not use dosimetry data, SC&A focused 
on the adequacy of processed fuel characteristic data for estimating missed internal doses 
to unmonitored workers, who more likely have had missed doses due to inconsistent 
monitoring in the field in the early monitoring programs, from high-risk jobs, or 
unplanned intake or contamination incidents.  The same is true for missed gamma and 
neutron doses. 

(3) SC&A also found that the TBDs do not fully explore and develop procedures and 
guidelines to dose reconstructors that would lead them to focus on gaps in environmental, 
internal, and external doses that could lead to a significant underestimate of worker dose.  
Input from interviewed site experts indicates that there were situations where reactor 
workers were not provided neutron dosimeters or were not monitored on a continual basis, 
and where processing facility workers were not monitored when they had positive nose 
smears.  Data either presented in the TBDs, or on which the TBDs are based, cannot be 
considered adequate unless an evaluation is conducted of the comprehensiveness of the 
neutron-monitoring and bioassay programs, and to what extent existing dose estimation 
assumptions and methodologies address this potential missed dose. 

(4) The lack of actual worker bioassay data during the 1949−1991 period represents an 
important area in which adequacy of data is of concern.  There are no data provided in the 
TBD concerning bioassay of high-fired plutonium and uranium.  There may be workers 
with potentially high exposures during that period that cannot be adequately 
reconstructed, especially when worst-case dose reconstructions are required.  Lack of 
knowledge of uncertainties in the actual bioassay techniques and instruments used to 
quantify internal dose and the minimum detectable activity (MDAs) represents an area of 
data inadequacy that can lead to significant underestimates of worker dose in this period. 

(5) 	 The source term list of radionuclides provided for the current and past environmental 
restoration and waste management projects at INL is incomplete and may contribute to 
missed dose.  Risks of exposure to radionuclides that workers have encountered when 
retrieving and processing RWMC’s stored TRU waste have not been adequately 
addressed. 

(6) 	 INL documented worker exposure incidents and unusual occurrences in facility record 
files. Although INL has significant quantities of personnel monitoring data, as well as 
field radiological control data, there are considerable gaps in the information.  In many 
cases, some of this information may not be kept in the worker exposure files.  In addition, 
there are problems with the adequacy of data, particularly with regard to worker intake, 
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high beta exposure, and extremity dose for high-risk (dose) jobs in some facilities, such 
as ICPP and reactors.  

(7) 	 INL maintained worker exposure records by including (some) dosimetry results and 
facility incident reports in the worker files.  There are problems with the completeness of 
these worker files, however, with regard to worker intake results, external dose results, 
extremity doses, and contamination reports.   

6.1.4 Objective 4: Consistency Among Site Profiles 

(1) While INL, Hanford, and the Savannah River Site (SRS) had some missions that were 
similar, marked distinctions existed and continue to exist in facility design, operations, 
operational history, and radiological practice.  NIOSH has appreciated this distinction 
and tailored its TBD assumptions and analytic approaches to the unique histories and 
conditions at the three sites, while mirroring those assumptions and approaches where 
justified.  Both the Hanford and SRS site profiles predate the INL site profile; therefore, 
NIOSH benefited greatly from the early efforts at Hanford and SRS, and was able to 
remedy many of the apparent inconsistencies, especially in the SRS TBDs. 

(2) Attachment 4 of this SC&A report provides, in tabular form (Tables A1–A4), an 
evaluation and comparison of the default assumptions for each element of exposure (i.e., 
occupational medical dose, occupational internal dose, occupational external dose, and 
occupational environmental dose) of INL, Hanford, and Savannah River. The lapses in 
consistency noted by SC&A include inconsistent methodologies and assumptions 
regarding external, internal, and environmental dose for almost identical monitoring and 
exposure conditions at the three sites.  This comparison shows that the INL TBDs did not 
provide as much characterization of the default internal dose parameters and external 
exposure factors as the Hanford and SRS TBDs.  

(3) An extensive comparison was performed by SC&A to compare and contrast the 
methodologies used in the INL, Hanford, and SRS TBDs to determine external dose.  
This comparison focuses on the methodologies and assumptions associated with dose 
assessments and the derivation of values used to obtain a POC for individual claimants.  
A detailed analysis is provided in Table A-4 of Attachment 4 to this report.  This table 
notes where the INL, Hanford, and SRS site profiles differ or agree on a number of 
important assumptions.  In summary, where inconsistent approaches or methods exist, 
they typically represent some lapses present in the INL TBD, despite NIOSH’s 
experience with Hanford, SRS, and earlier reviews. 

6.1.5 Objective 5: Regulatory Compliance 

NIOSH has complied with the hierarchy of data required under 42 CFR Part 82 and 
its implementation guides.  However, SC&A has identified some significant shortcomings of the 
data used in the review process of the INL Site Profile that may lead to dose reconstructions that 
are not claimant favorable.  It is especially crucial for NIOSH to re-evaluate the technical basis 
of the missed dose assumptions used in the TBDs. 
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6.2 USABILITY OF SITE PROFILE FOR INTENDED PURPOSE 

SC&A has identified seven criteria that reflect the intent of the Energy Employees Occupational 
Illness Compensation Program Act of 2000, the Final Rule, and the regulatory requirements of 
42 CFR Part 82 for dose reconstruction. Because the purpose of a site profile is to support the 
dose reconstruction process, it is critical that the site profile assumptions, analytic approaches, 
and procedural directions be clear, accurate, complete, and auditable (i.e., sufficiently 
documented).  SC&A used the following seven objectives to guide its review of the INL site 
profile to determine whether it meets these criteria: 

• 	 Objective 1 − Determine the degree to which procedures support a process that is 

expeditious and timely for dose reconstruction 


• 	 Objective 2 − Determine whether procedures provide adequate guidance to be efficient in 
select instances where a more detailed approach to dose reconstruction would not affect 
the outcome 

• 	 Objective 3 − Assess the extent to which procedures account for all potential exposures 
and ensure that resultant doses are complete and are based on adequate data 

• 	 Objective 4 − Assess procedures for providing a consistent approach to dose 
reconstruction, regardless of claimants’ exposures by time and employment locations 

• 	 Objective 5 − Evaluate procedures with regard to fairness and the extent to which the 
claimant is given the benefit of the doubt when there are unknowns and uncertainties 
concerning radiation exposures 

• 	 Objective 6 − Evaluate procedures for their approach to quantifying the uncertainty 
distribution of annual dose estimates that is consistent with and supports a DOL POC 
estimate at the upper 99% confidence level 

• 	 Objective 7 − Assess the scientific and technical quality of methods and guidance 

contained in procedures to ensure that they reflect the proper balance between 

current/consensus scientific methods and dose reconstruction efficiency 


The following addresses these objectives: 

(1) The INL site profile does a very good job in the Occupational Medical Dose TBD in 
assessing the potential organ doses to workers who  received medical x-ray examination 
over the entire operating history. The default organ dose values can be easily identified 
and used from Table 3A-1 (Rohrig 2004m).  One potential opportunity to improve the 
validity of the dose assessment is to include a multiplying factor accounting for 
uncertainties in equipment parameters. 

(2) 	 The INL Occupational Environmental Dose TBD presents a thorough compilation of the 
airborne releases from routine operations and episodic events at INL facilities.  The TBD 
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also compiles extensive information on the fence line direct gamma doses for different 
INL facilities.  The default worker inhalation intake and direct gamma doses to workers 
can be determined and used from Tables 4-1 through 4-13 (Peterson 2004).  The missed 
environmental doses from the airborne releases and fence line gamma doses should not 
be significant. However, the TBD has not considered several important potential missed 
environmental dose streams, including unmonitored workers inhaling resuspended 
contaminated soils or materials. 

(3) The INL Occupational Internal Dose TBD (Rich and Wenzel 2004) does not mention the 
use of ORAUT-OTIB-0011 (Siebert 2004) for calculating doses from tritium and 
estimating missed doses from this nuclide.  There was a small amount of tritium 
produced at INL facilities in early years.  Dose reconstructors should be alerted to the use 
of this technical information bulletin (TIB). 

(4) The INL TBD does not address the opportunity to use surrogate (i.e., reference mix) 
radionuclides when data are not available for a less commonly encountered radionuclide 
and thus the 95th percentile cannot be applied in estimating the upper bounds of a like 
dose. 

(5) 	 The INL Internal Dose TBD does not mention the use of an approach recommended for 
other similar DOE facilities when determining maximum dose.  This approach is 
provided by NIOSH in ORAUT OTIB-0002 (Rollins 2004).  

(6) The Occupational Internal Dose TBD does not provide bioassay data for the operating 
years before 1992. For the purpose of compiling data needed to reconstruct internal 
doses based on historical operation, NIOSH amassed a considerable amount of data 
describing radionuclides and operations at the various facilities and their associated 
processes. However, NIOSH does not give adequate (or explicit) guidance to dose 
reconstructors on how to navigate through the complex mix of radionuclides required to 
reconstruct historical internal exposures to workers.  There are opportunities for 
improvement in the data sets and instructions to the dose reconstructors with respect to 
reconstructing internal exposures. 

(7) The INL Occupational External Dose TBD does not provide external dose data for the 
operating history of the INL site. For the purpose of compiling data needed to 
reconstruct external doses (gamma, beta, and neutron), NIOSH evaluates the MRL values 
of different dosimetry systems (films, TLDs, and neutron dosimeters) used at INL 
facilities. In addition, the TBD provides information on external radiation fields at 
different facilities. However, NIOSH does not give guidance to dose reconstructors on 
how to use these data to reconstruct historical external exposures to workers from high-
risk jobs, unplanned over-exposure incidents, and deficient monitoring in the field.  There 
are opportunities for improvement in the data sets and instructions to the dose 
reconstructors with respect to reconstructing external exposures.  One important 
opportunity for improvement is to include instructions to the dose reconstructors on how 
to treat missed beta exposures. 
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(8) The INL Occupational External Dose TBD does not provide guidance to dose 

reconstructors in assessing missed neutron doses at INL reactors.  


6.3 UNRESOLVED POLICY OR GENERIC TECHNICAL ISSUES 

A number of issues were identified that are common to the INL, Hanford, and SRS site profiles 
and, in some cases, represent potential generic policy issues that transcend any individual site 
profile. These issues may involve the interpretation of existing standards, how certain critical 
worker populations should be profiled for historic radiation exposure (e.g., construction workers 
and early workers), and how exposure itself should be analyzed (e.g., treatment of incidents and 
statistical treatment of dose distributions).  NIOSH indicates that it may develop separate TIBs in 
order to address some of these generic issues.  The following presents those issues identified in 
the INL Site Profile Review that SC&A believes represent transcendent issues that need to be 
considered by NIOSH as unresolved policy or generic technical issues. 

(1) Direction on the applicability and usability of the TBDs and/or TIBs to individual dose 
reconstructions is absent. 

(2) Adequacy and completeness of worker records are essential to claimant-favorable dose 
reconstructions. None of the site profiles address this issue or give direction on resolving 
missing records. 

(3) Site expert testimony indicates that many workers moved from one plant to the next on 
the same site, creating a complicating factor in determining overall exposure.  
Establishment of an accurate worker history is crucial in such cases.  This will be 
especially difficult to accomplish in cases of family-member claimants, where the 
survivors cannot be expected to have a good grasp of where the worker was stationed and 
when. 

(4) Statistical techniques used in the application of the data to individual workers should be 
considered. However, using statistical averages may not be claimant favorable, since in 
most compensable cases, they would not provide the upper bound for missed worker 
doses. 

(5) 	 Dose from impurities and/or daughter products in radioactive material received and 

processed at sites should be assessed. 


(6) 	 Assumptions on solubility, breathing rate, and ingestion should be addressed. 

(7) A correction factor for external gamma doses should be considered to account for angular 
dependence of dosimeter sensitivities. 

(8) Direction with respect to consideration of incidents and high-risk (dose) jobs in 

individual dose reconstructions should be provided. 
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(9) Availability of monitoring records for subcontractor and/or visitors and potential 
exposure while working on or visiting a facility should be ascertained. 

(10) Dose to construction workers and other early workers should be assessed. 

(11) Unique exposure conditions for decontamination and decommissioning workers should 
be considered. The relative impact of each of these items on dose reconstruction is site-
specific and requires independent evaluation in each TBD. 
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ATTACHMENT 1: CONFERENCE CALL WITH NIOSH AND SC&A 

Teleconference of June 29, 2005 

to Discuss SC&A Questions/Comments Regarding INL Site Profile8
 

Introduction 

SC&A sent its initial list of questions concerning the INL Site Profile to NIOSH on June 16, 
2005.9  On June 29, 2005, the individuals listed below, from SC&A, NIOSH, ORAU, and the 
ORAU subcontractor, Intrepid, discussed the questions during a teleconference.  SC&A 
summarized the responses to each question and invited all the participants to review and 
comment on the contents. Some comments were provided and have been incorporated into the 
summary. The questions (designated by “Q”) and responses (designated by “R”) are arranged by 
TBD number following a few general comments.  

Teleconference Participants 
SC&A	 ORAU 
Nicole Briggs 	    Ed Scalsky 
John Hunt 
John Mauro 	 Intrepid (sub. to ORAU) 
Steve Ostrow (moderator) 	 Henry Peterson 

Bryce Rich 
NIOSH 	     Norman Rohrig 
Greg Macievic 
Tom Tomes 

Questions and Responses 

General 

(1) Q: 	 The content and organization of the INL Site Profile TBDs are quite uneven, where, 
often, useful default values and specific guidance for dose reconstructors are buried 
among general discussions about site activities and history and technical 
information about dosimetry, which may or may not have practical application. In 
addition, there are no INL site-specific TIBs to provide guidance, similar to those 
available for the Savannah River Site, for example. What guidance is given to the 
dose reconstructors to use the INL Site Profile TBDs? Are workbooks or other 
summary guidance documents provided to the reconstructors that extract the useful 
information from the TBDs and present it in a concise, accessible form? 

8 The lab has changed names and acronyms several times over the years; INEEL (old) and INL (new) both 
refer to the same national laboratory. 

9 Letter from John Mauro (SC&A) to Dr. Lewis Wade (U.S. Dept. of Health and Human Services), June 16, 
2005. 
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R: 	 The dose reconstructors are not provided with any special instruction per se in the 
use of the TBDs, but they have workbooks available. NIOSH10 thought it had 
provided the INL notebook to SC&A at a meeting a few weeks ago. [note – 
subsequent to the teleconference, SC&A checked and determined that it had 
received the INL notebooks, which are in Excel spreadsheet format.] 

(2) Q: 	 Section 2.1 (pg. 13) of the Site Description TBD notes that the Naval Reactors 
Facility (NRF) is exempted under the EEOICPA. However, it should be 
recognized that workers not connected with the NRF had the potential of 
receiving exposures from the NRF through various pathways (e.g., airborne, 
skyshine, ground-shine), especially since the NRF is centrally located on the site. 
In addition, apparently, some INL personnel also worked at NRF, where they 
could have received an exposure. For example, Section 5.1.3 (pg. 9) of the 
Occupational Internal Dose TBD states:  “It is possible that some workers’ 
internal dose could have resulted from their support work at the NRF.” No 
information on missed internal, environmental, or external doses from NRF is 
provided in the TBDs. Nor is information of operational and episodic releases 
from NRF provided. How should a dose reconstructor deal with INL individuals 
exposed from NRF activities whether located outside or inside of the NRF 
boundaries? 

R: 	 Some exchange of personnel between NRF and the rest of the site took place in 
the early days of operation, but the badging system was effective and recorded 
exposures appropriately. NIOSH considered exposure contributions from NRF to 
personnel outside the NRF area and concluded that it was not a significant factor. 
For example, of the 114 site-wide releases listed for 1955, only one, of 310 Ci, 
was attributable to NRF. The Historical Dose Evaluation database lists the NRF 
contribution to overall dose in the “other” category, with less than a 0.4% 
contribution. 

(3) Q: 	 The INL Health and Safety Laboratory published annual reports on environmental 
surveillance, external dosimetry, radiation detection, internal bioassay, quality 
assurance, personnel dosimetry recordkeeping, and research and development. It 
is not clear why: only the 1960 Annual Report is used in the Medical Dose TBD; 
only the 1958 and 1962 Annual Reports are used for the Environmental Dose 
TBD; and only the 1958, 1959, 1960, 1961, 1962, 1963, 1968, 1970, and 1971 
Annual Reports are used for the Internal Dose TBD. No justification is given for 
including some years and excluding others. Are the chosen years supposed to be 
representative? If so, why? 

R: 	 NIOSH looked at all the Annual Reports that were available (they were not issued 
every year) and cited only the ones that provided information cited in the TBDs.  

10 “NIOSH” is used to denote a response from NIOSH, ORAU, or Intrepid. 
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Introduction (ORAUT-TKBS-0007-1, Rev. 0, 5/7/04) 

No Questions 

Site Description (ORAUT-TKBS-0007-2, Rev. 1, 7/28/04) 

(1) Q: 	 TBD Section 2.3.1 (pg. 27) on the ICPP Criticality Accident of October 17, 1978 
states that: “The atmospheric Protection System (APS) at INTEC … significantly 
reduced particulate emissions, and filtered all releases associated with the 
criticality event.” Noble gases, for example, would not have been filtered out; 
how were exposures from such radionuclides determined? 

R: 	 NIOSH looked at the incident report and considered the resulting exposure in the 
Environmental TBD. The evaluation included exposure from noble gases.  

Occupational Medical Dose (ORAUT-TKBS-0007-3, Rev. 0, 5/28/05) 

(1) Q: 	 TBD Section 3.3 (pg. 5) and Attachment 3A (pg. 10) recommend 200 mrad 
(Kathren 2003) as the default value for entrance air kerma for pre-1954.  

(a)	 What is the uncertainty associated with this default value? 

(b) 	 For the pre-1954 period, why is the assumed lateral view air kerma the 
same as the PA view air kerma while the former are more than 40% 
greater than the latter for periods after 1954 (Attachment 3A)? 

(c) 	 Kathren 2003 (Table 3.3-1) recommends 500 mrad as the default lateral 
view entrance air kerma value for the pre-1970 period. Why is a lower 
value of 200 mrad recommended in the TBD? 

(d) 	 In addition, the default values for the other periods in Kathren 2003 are 
significantly higher than the default values recommended in this TBD. For 
example, Kathren recommends 100 mrad for PA view and 250 mrad 
lateral view between 1970 and 1985 while the TBD recommends 52 mrad 
for PA view and 74 mrad for lateral view between 1954 and 1990. What is 
the basis for the lower default values? Which values should a dose 
reconstructor use to obtain claimant favorable results? 

R: 	 (a) As stated in the last line on page 7 of Section 3.5 of the TBD, the 
uncertainty is 30% at one sigma, which is a typical uncertainty value for 
medical x-ray equipment 

(b) 	 This is a “slip-up.” No lateral views were taken in the pre-1954 time 
period. The entry should be replaced by “N/A” 

(c) 	 See the previous answer for the pre-1954 period of the table. For later 
periods, NIOSH reported posterior-anterior and lateral exposures (i.e., 52 
and 74 mrad) based on actual equipment settings and practices and, 
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therefore, did not use Kathren’s default values; (d) See the previous 
answer. 

Occupational Environmental Dose (ORAUT-TKBS-0007-4, Rev. 0, 3/30/04) 

(1) Q: 	 The TBD focuses primarily on inhalation dose from airborne releases; no 
consideration is given to inhalation doses from resuspension, oro-nasal doses, 
ingestion doses, and external doses due to cumulative deposition of these airborne 
releases. How should a dose reconstructor deal with these missed doses? What 
about skyshine from high level gamma sources in adjacent facilities? 

R: 	 NIOSH considered dose from resuspension of radioactive material and 
determined that, in the worst case, the contribution through this pathway is not 
significant; death from asphyxiation would occur before deleterious effects from 
radiation. Oro-nasal and ingestion (transferred from the lungs into the GI tract, not 
encountered by eating contaminated material) pathways are considered in 
determining total exposure. Skyshine contributions to external doses are recorded 
by TLDs. In general, the individual facilities within INL are relatively isolated 
from one another and no site is downwind of another so that activities within one 
facility have little effect on other facilities. For example, the SL-1 accident 
disposal area produces some wind-swept activity, but it is not transported outside 
the facility fence. 

(2) Q: 	 TBD Section 4.1 (pg. 6) states: 

This TBD also addresses direct gamma doses resulting from 
facility operations. In general, these doses, if not controlled by 
management, increase with time and create a facility background 
dose. At INEEL, these facility background doses were recorded by 
film badges infrequently and inconsistently before 1970 and by 
thermoluminescent dosimeters (TLDs) on a routine basis since 
1972. These facility background doses, or facility fence-line doses, 
as they are sometimes called, are a nebulous indication of a dose 
that workers could receive if they inhabited the facility. INEEL 
facility fence-line doses (minus background) are presented for 11 
locations. 

(a) 	 Does “facility background dose” result only from general facility 
operations, or should the facility background dose be the sum of doses 
resulting from facility operations and environmental deposition from 
neighboring facilities? 

(b) 	 Can the fence-line doses represent the facility background doses for 
workers occupying the facility inside the fence-line? 



 
 

   
 

 

 

 

  
  

  

 

 
   

 

 

(c) When the background is subtracted from the fence-line doses, is it the 
“natural background” dose that would be present in the absence of INL? If 
so, how and where is it measured? 

R: (a) A TLD cannot distinguish between radiation from the facility and from 
neighboring facilities 

(b) Yes. All operational releases are from 250 ft stacks, so environmental 
doses are relatively uniform throughout the site; (c) Background 
measurements are taken in Idaho Falls, 50 miles from the site. 
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(3) Q: TBD Section 4.1 (pg. 6) states:   

ICPP airborne effluents have been attributed to creating the 
maximum INEEL boundary dose. Considering this fact, it should 
be suspected that ICPP airborne effluent would also be 
responsible for the maximum INEEL worker doses. Calculations 
performed for the INEEL TBD show that although ICPP airborne 
effluent is the most radiologically significant release at INEEL, the 
impact to workers is significantly below the allowable and 
acceptable limit. 

Since this TBD is concerned primarily with doses due to airborne effluents, it is 
logical to assume that if “ICPP airborne effluents have been attributed to creating 
the maximum INL boundary dose,” then those effluents would also be responsible 
for the maximum offsite environmental doses to the surrounding population.  

(a) 	 How could the doses resulting from ICPP airborne effluents be accounted 
for as the maximum INL worker doses?  

(b)	 Is there a possibility that a worker might be working in a facility subject to 
higher airborne effluents from a neighboring facility other than the ICPP? 

(c) 	 Is there any consideration given to episodic releases in a facility other than 
ICPP? 

(d) 	 Shouldn’t the maximum worker doses be the summation of occupational 
environmental doses from airborne effluents, environmental doses from 
facility background (cumulative deposition), direct beta-gamma doses 
during various operational and episodic releases, and internal doses from 
ingestion, inhalation, and oro-nasal breathing? 

R: 	 (a) Evaluations have shown that the ICPP airborne effluents, which 
contained a significant amount of long-lived isotopes, were the 
greatest contributors to the environmental dose 

(b) The facility sites are quite isolated from each other and ICPP was 
the most important contributor to the environmental dose; therefore, 
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it is unlikely that a worker might be exposed to greater airborne 
effluents than from ICPP 

(c) 	 Yes. All identified episodic releases from all facilities were 
considered and actual meteorological data were used; (d) Yes, they 
are determined this way.  

(4) Q: TBD Section 4.1 (pg. 8) states: 

All of the airborne releases at INEEL that have occurred since the 
beginning of the Site were reviewed and analyzed ... This 
request … was to evaluate the radiological impact to INEEL 
boundary individuals from airborne releases that had occurred 
since the beginning of operations at the Site. With the help of 
NOAA, which had hourly meteorological data from 1956 to that 
time, analyses were completed for all airborne releases that 
occurred at INEEL. The radiological consequences for an adult, a 
child, and an infant were calculated with Version 4 of the 
Radiological Safety Analysis Computer program RSAC-4 (Wenzel 
1990). The results of the study were published in the Idaho 
National Engineering Laboratory Historical Dose Evaluation 
(DOE 1991[a]); this TBD refers to that report as the INELHDE. 
All releases considered for that report are the basis for the 
releases considered in this TBD. In addition, all the releases 
documented in the INELHDE, operational and episodic, have been 
independently reviewed and found, with minor modifications, to be 
substantially appropriate. 

(a) 	 What are the “minor modifications” to the releases used in this TBD? 

(b) 	 Why are these releases, which were used to determine doses to offsite populations 
outside the site boundary, “substantially appropriate” for onsite workers, who are 
largely inside the site boundary and inside the fence-line of a facility? In reality, 
source terms considered for offsite population dose evaluation tend to eliminate 
short-lived radionuclides. These short-lived radionuclides could be significant 
dose contributors to onsite workers. 

R: 	 (a) NIOSH modified releases following examination of SC&A’s evaluation of 
the INELHDE. In addition, following analyses to determine the isotopes 
making the greatest contribution to exposure (releases x ICRP68 dose 
conversion factors), the original set of 56 isotopes was reduced to nine. 
These nine account for over 95% of the total dose 

(b) 	 Some short-lived isotopes were eliminated from the original set of 56 
isotopes since decay reduced their contributions by the time they reached 
ground level following release from high stacks. 
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(5) Q: 	 TBD Section 4.2 (pg. 10) states: “For worker dose reconstruction, the analyst 
should use default values for the calculation...” The TBD then states in Section 
4.2.1 (pg. 10): “The annual inhaled quantities (Bq/yr) provided in Tables 4-1 
through 4-8 for each of the 8 facility areas are based on known and published 
INEEL annual airborne emissions”; the same section (pg. 11) goes on to say:  

In 1968 and 1969, formal Environmental Monitoring Reports 
(EMRs) report alpha, beta, and I-131 concentrations that can be 
correlated with Table 4-3 (CFA) values. EMRs between 1970 and 
1990 were reviewed for data that could be used for this correlation. 
Results of the comparison, showing that the calculated values of 
Tables 4-1 through 4-8 are in reasonable agreement with 
measured values reported by EMRs, are provided in Table 4-9. 
Figure 4-4 illustrates the variation of the INEEL Environmental 
Monitoring sampling results for the 9-year period 1978 through 
1986. The figure also illustrates the close correlation of 
environmental sample results acquired at distant communities and 
those acquired at the INEEL facilities and the effect of foreign 
nuclear tests and the Chernobyl reactor accident on INEEL 
environmental sampling results. 

(a) How does this correlation support the use of offsite airborne releases to 
calculate the inhalation intake for workers at various INL facilities 
exposed to onsite (facility-specific) airborne radionuclide concentrations? 

(b) How should a dose reconstructor deal with doses from ingestion intake, 
oro-nasal intake, resuspension of ground deposition, and direct radiation 
from ground deposition other than inhalation intake from airborne 
effluents? 

R: (a) As mentioned before, releases were through high stacks so that the 
environmental exposures throughout the INL site were fairly uniform 

(b) As mentioned before, all applicable exposure pathways were considered in 
the dose determination. 

(6) Q: TBD Section 4.2.1 (pg. 10) states:   

Meteorological dispersion factors applicable to each INEEL 
facility were picked from the annual average mesoscale dispersion 
isopleths of ground-level air concentrations as published in the 
environmental monitoring reports published for INEEL as 
described in INELHDE (DOE 1991[a], Appendix B) ... When an 
isopleth for a given year is chosen for a particular facility, such as 
SPERT, that isopleth is assumed to apply to PBF, SPERT-I, 
SPERT-II, etc. If a facility was between two isopleths, the higher-
valued isopleth was chosen. Yearly isopleth values for each of the 
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eight facilities have been extracted from the annual environmental 
monitoring reports and converted from the normalized annual 
concentration (hr2/m3) to concentrations (Bq/m3) and multiplied by 
2.4E+3 m3/yr (the amount of air breathed occupationally per year) 
to produce activity inhaled per year (Bq) for an occupational 
individual. These are listed in Tables 4-1 through 4-8 for each of 
the facility areas. The annual inhaled quantities (Bq/yr) provided 
in Tables 4-1 through 4-8 for each of 8 facility areas are based on 
known and published INEEL annual airborne emissions. 

(a) When average dispersion factors or average mesoscale dispersion 
isopleths are used, are these calculated ground-level facility annual 
concentrations claimant favorable? 

(b) Do these ground-level facility annual concentrations represent cumulative 
concentrations (i.e., annual deposition plus residual from past years)? 

(c) Are these concentrations fence-line concentrations?  

(d) How are the concentrations used for onsite workers at various locations of 
the facility under consideration?  

(e) What are the uncertainties associated with these average dispersion factors 
and mesoscale isopleths?  

(f) Why are only annual inhaled quantities (Bq/yr) considered?  

(g) How should a dose reconstructor deal with ingestion uptake, direct 
radiation from deposition, oro-nasal contribution, and inhalation intake 
from resuspension of airborne deposition? 

R: (a) The given isopleths are for ground-level concentrations and are 
appropriate to use 

(b) No; they represent annual concentrations and do not include contributions 
from deposition from previous years (found to be negligible). Fallout is a 
more significant dose contributor than what is released from a particular 
facility 

(c) Concentrations are at the referenced facilities.  Releases are from high 
stacks, so the whole site is covered relatively uniformly 

(d) Tables 4-1 through 4-8 give isotopic concentrations by year for selected 
facilities 

(e) As stated in the TBD section, the uncertainty is a factor of two for 
operational releases and a factor of three for episodic releases 
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(f) [question withdrawn] 

(g) previously answered. 

(7) Q:   This TBD (Section 4.2.1, pg. 10) uses an annual breathing rate of 2.4 x 103 m3/yr 
rather than the 2.88 x 103 m3/yr (1.6 m3/hr for 1800 hr/yr) of ICRP 68 or the 8.0 x 
103 m3/yr (RAC2002, pg. 38) of the NCRP. The TBD assumption appears less 
claimant favorable than the ICRP or NCRP assumptions; please comment.  

R: The chosen breathing rare is applicable to a worker exposed to the environment, 
who is not breathing hard from strenuous labor. NIOSH indicated that this choice 
of breathing rate was made uniformly for consistency for all the evaluated sites.  

(8) Q:   Section 4.3 (pg. 22) states: 

External radiation dose at a facility can be created by direct 
radiation from two sources: direct beta/gamma radiation from the 
facility, or gaseous effluents released from the facility or from 
adjacent facilities. In general, direct beta/gamma radiation from 
the facility will increase with time because the general 
contamination of the area will increase. In addition, as a facility 
ages, radioactive sources tend to accumulate at the facility, 
causing the general background to increase with time.  

(a) Were cloudshine and skyshine from adjacent facilities considered as potential 
sources of external radiation dose? 

R: Cloudshine and skyshine were considered wherever applicable; e.g., the RWMC. 
Contributions via these exposure pathways would have been recorded by worker 
TLDs. 

(9) Q:   It is not obvious that airborne releases from various facilities of INL would be 
consistent at different locations within the site. The question remains whether 
using the average annual concentrations as the basis for dose reconstruction is a 
claimant-favorable approach or not. Also, can these average annual 
concentrations be used for different individual workers, who worked at different 
times, in different locations, and performed different functions within a specific 
facility? 

R: As discussed, this TBD gives environmental exposures at various facilities on the 
site. If a particular worker stayed primarily in one facility, the corresponding dose 
would be applied. If the worker moved around a lot or it is not known where he 
worked at a particular time, the dose reconstructors would apply the maximum 
dose for the different possible locations. 

(10) Q:   Does this TBD take the same approach as the External Dose TBD, i.e., adding 
back the detection limit reading for film badges and TLDs? 
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R: No. The reported values are the difference between readings from the TLDs 
onsite and those in Idaho Falls (background measurement). 

(11) Q:   TBD Section 4.3.2 (pg. 24) states: 

INEEL facility air-immersion (beta-gamma) doses could be 
calculated from the noble gas and halogen portions of the 
operational releases, and, if applicable, from the noble gas portion 
of the applicable episodic releases. This calculation should be 
unnecessary because these releases would be recorded in the fence 
line TLD doses presented in Table 4-13. 

The TLDs used at that time were not sensitive enough to record beta doses to the 
skin from noble gas and halogen plumes. What instructions are given to the dose 
reconstructor to compensate for this missed dose? 

R: The dose reconstructor would multiply by a factor of two as instructed in ORAU 
Procedure 6, pages 100–101. 

(12) Q:   TBD Section 4.4 (pg. 24), in discussing uncertainty associated with operational 
releases, states: “Discussions with the authors of the INELHDE suggest that 
operational releases, which were monitored, could be low by a factor of not more 
than 2. When the annual normalized ground level concentration values are applied 
to the operational releases, the uncertainty could be increased.”  

(a) Should the dose reconstructor multiply the doses from operational releases 
by 2? 

(b) What is the justification for the factor of 2 multiplication?  Is it truly 
claimant favorable? What is the error analysis associated with this factor? 

R: (a) and (b) The dose reconstruction process calculates “mean” doses, then applies 
appropriate uncertainty factors, like the factor of two mentioned in this 
section. The Crystal Ball Monte Carlo program is used to analyze 
uncertainties and a factor of two was found to provide a conservative 
margin.  

(13) Q:   TBD Section 4.4 (pg. 24), in discussing uncertainty associated with episodic 
releases, states:  “In spite of the original effort to be ‘reasonably conservative’ in 
the exposure estimates, some of the authors, however, have stated that the release 
considered for a particular episodic event might be low by as much as a factor of 
3.” 

(a) Should the dose reconstructor multiply the doses from episodic releases by 
3? 

(b) What is the justification for the factor of 3 multiplication? Is it truly 
claimant favorable? What is the error analysis associated with this factor? 
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R: (a) and (b) See the response to question 12 above. 

(14) Q:   There are no TIBs providing guidance for the INL dose reconstruction.  

(a) How should a dose reconstructor use Tables 4-1 through 4-13? 

(b) There are only nine radionuclides listed in Table 4-1 through 4-8; how 
should a dose reconstructor compensate for annual intake from other 
radionuclides? 

(c) How should a dose reconstructor calculate ingestion uptake? 

R: NIOSH produces TIBs in response to dose reconstructors requesting assistance; 
the latter has not occurred for the INL dose reconstructions 

(a) Instructions are provided in the TBD. Tables 4-1 through 4-8 provide 
yearly operational intakes by isotope for eight different areas. If a person’s 
location for a particular year is not known, the dose reconstructor should 
select the values for the location giving the maximum exposure. 
Tables 4-10 and 4-11 provide episodic intakes for several facilities. The 
dose reconstructor would sum intakes for operational and episodic 
exposures 

(b) This has been answered in Question 4(a) 

(c) As mentioned previously, ingestion exposure from eating outside material 
is not significant. However, the dose model does account for material 
inhaled then cleared from the lungs to the digestive system (a negligible 
contribution, though). 

(15) Q:   Table 4-13 (pg. 37) presents facility fence direct gamma values by year and 
location as TLD – background. It appears that background is subtracted from the 
total dose to identify the portion attributable to INL operations. It is not clear, 
however, how the background is determined. Is it “natural background” from a 
location far removed from the site or background measured near the site, where 
radiation attributable to site activities would have added to the natural background? 

R: As previously discussed, background is taken in Idaho Falls, far removed from the 
INL site. 

Occupational Internal Dose (ORAUT-TKBS-0007-5, Rev. 0, 10/12/04) 

(1) Q: 	 Consistent with the Savannah River and the Hanford site profile documents, there 
is no consideration given to oro-nasal doses from airborne releases. How should a 
dose reconstructor deal with these missed doses?  

R: 	 This was discussed in the response to Question No. 1 in the Occupational 
Environmental Dose TBD section.  
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(2) Q: 	 Table 5.1.4-1 (pg. 10) lists radionuclides of concern by year of dose assignment.  

(a) 	 Are these lists reduced from longer lists? If so, what compensations are 
made to account for the missing internal doses? 

(b) 	 In the CEDE column, what do the various CEDE values for each year 
represent? Which CEDE value should a dose reconstructor use for a 
specific radionuclide of concern? 

R: 	 The table is included primarily to provide perspective to the dose reconstructor 
rather than for use in determining claimant exposure. (a) The table includes all 
doses assigned for the nine year time frame for the listed facilities; (b) The CEDE 
values listed by year and facility represent actual recorded internal doses for 
individuals. For example, the six numbers listed for the SMC facility in the year 
2000 represent recorded internal doses for six different people.  

(3) Q: 	 TBD Section 5.2.2 (pg. 12) states that “routine bioassay of radiation workers has 
been conducted since the beginning of the site,” and Section 2.1 of the Site 
Description TBD indicates that the National Reactor Testing Station (NRTS) was 
established in 1949. However, Table 5.2.2-1 (pg. 13) of the Occupational Internal 
Dose TBD begins the bioassay data in 1953. The table does not appear complete.  

(a) 	 What was the bioassay practice between 1949 and 1952, and where is the 
bioassay data presented? 

(b) 	 The reference list does not appear to be complete. Many missing reports 
lead to uncertainties in conclusions. Between 1953 and 1960, the table 
shows annual bioassay requirement; some data, however, indicate bi
annual bioassay results. From 1973 to 2001, there are no actual bioassay 
data collected or referenced. Why? Where are data from RCIMS, as 
mentioned in TBD Section 5.2.3 (pg. 13)? 

R: 	 (a) Construction began in 1949, but nuclear operations did not begin until 
1951. 1953 data is the earliest that the ORAU team could find 

(b) 	 Table 5.2.2-1 is a reference table summarizing the history of bioassay 
practices at INL by year. Dose reconstructions would rely on actual 
bioassay results in a claimant’s files. In general, bioassays were performed 
depending on a person’s work details. 

(4) 	 Q: TBD Section 5.3.1 (pg. 19) states:  “Generally workers were asked to 
submit to bioassay whenever they were in an area in which a CAM 
alarmed.”  

(a) 	 What are the set points for alarms?  

(b) 	 Could there be missed doses due to high set points? 
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R: 	 (a) The set points are not known, but, in practice, were set considerably below 
permissible levels. The alarms signaled that a problem may have been 
developing and triggered collection of bioassays. Few of the bioassay 
samples produced detectable uptake levels 

(b) 	 No. See the response to the preceding question.  

(5) Q: TBD Section 5.3.1 on air monitoring states (pg. 20):   

However, in the absence of bioassay data for a known radiation 
worker in one of the functioning facilities as a default, claimant 
favorable, unmonitored dose 100 DAC/MPC-hours for Sr/Y-90 or 
Pu-238 could be assumed per year. This is based upon a consistent 
and standing policy of taking confirmatory bioassay for workers 
exposed to known levels of air activity. However for an MDA for 
chronic activity detection would be <0.01 MPC (in the range of 
10-11 µCi/cc for beta) x 10 ratio of general area to breathing zone 
concentration x 1000 hours of undetected exposure = approx 100 
DAC-hrs or approximately 2 x 105 pCi intake. 

Please comment on our interpretation of this paragraph:  It appears to apply to the 
situation where a worker may have been exposed to airborne radiation, but the 
area was unmonitored and there is no bioassay data available for the worker 
(either the worker did not submit a sample, or the record is not now available). 
The approach given, of assuming exposure to a minimum level of detection 
activity, would seem to be valid only if air sampling was conducted, a zero 
reading was obtained, and no bioassay was performed. Absent air sampling and a 
bioassay, any level of activity could have been present and the approach is then 
not claimant favorable.  

(a) 	 What is the basis for 0.01 MPC as the MDA for chronic activity?  

(b) 	 Why is the ratio of general area to breathing zone concentration equal to 
10? Is this ratio for indoor or outdoor activity?  

(c) 	 What is the basis for 1000 hours as the duration of undetected exposure? 

R: 	 (a) SC&A’s interpretation that some areas were not monitored is faulty. INL 
recognized the importance of air sampling and monitored most areas 
accordingly, even the cafeteria. However, NIOSH recognized that the 
quoted paragraph may not be totally clear and will rewrite it when revising 
the TBD 

(b) 	 The 0.01 MPC value is an estimate derived from counting data available from air 
monitoring system filters 

(c) 	 Published reports indicate that the factor of 10 ratio is appropriate; (d) 
1,000 hrs per year is seen as a conservative, claimant-favorable 
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assumption since workers move around and do not stay in one place all 
day throughout the year. NIOSH thought that this assumption is also used 
in the other site profiles. 

(6) Q:   Table 5.3.2-1 (pg. 21) has sets of columns labeled “statistically significant” and 
“highest results.” Please define and explain these headings.  

R: This table has been taken from 1959–1961 annual reports. These reports do not 
state what statistical assumptions were used, but it is thought that at that time two 
sigma above background was standard. The table indicates that of the thousands 
of bioassays taken each year, only a few yielded statistically significant results. 

(7) Q:   TBD Section 5.3.2 (pg. 22), which discusses the change from “no positive 
exposure reported” to “no reportable levels recorded” records, is not clear about 
what was the minimum reportable level for bioassay sample analyses. How 
should a dose reconstructor treat these records during the dose reconstruction 
process? 

R: The section from which the quotation is taken is just for information for the dose 
reconstructor. The minimum reportable levels are provided in subsequent tables.  

(8) Q:   Table 5.4-2 (pg. 24) shows internal dosimetry in-vivo MDAs for fecal samples.  

(a) What is the sample size? (mg or cc?) 

(b) The footnote instructs “when sample size is not identified in individual’s 
records, assume the activity is that excreted per day.” Please clarify. 

R: (a) The sample size is not given in the table; the sample analyzed is the total 
sample provided by the individual. In most cases, the claimant’s records 
would contain sample size information 

(b) Assume that the sample referred to is the total amount excreted per day. 

(9) Q:   The last paragraph of TBD Section 5.6.1.1 (pg. 29) on the SMC (Specific 
Manufacturing Capability) project to produce DU (depleted uranium) armor for 
tanks discusses natural background uranium excretion, and states that “Urine 
samples submitted by SMC nonradiation worker in 1987, 1994, and 1998 were 
assumed to represent nonoccupational elimination of the SMC worker 
population.” 

(a) Why are only SMC nonradiation workers considered? 

(b) Couldn’t the SMC nonradiation workers have been exposed to uranium 
deposition from airborne releases from SMC and other facilities? 
Shouldn’t a wider population be used to determine the natural background 
uranium uptake? 
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(c) 	 Is this type of nonoccupational elimination approach used for other INL 
facilities? 

R: 	 (a) The SMC program was run independently from the other INL programs 
and considered only its own people for establishing background 

(b) 	 NIOSH considered that, but using only the SMC population to determine 
background is consistent with the approach taken elsewhere on the site 
and at other sites (e.g., Fernald) 

(c) 	 No. SMC is the only facility handling depleted uranium. 

(10) Q: 	 Table 5.6.2-1 (pg. 30) indicates that some airborne incidents at various INL 
facilities released noble gases and halogens.  

(a) 	 Was any consideration given to external radiation exposure from these 
releases? 

(b) 	 How should a dose reconstructor estimate these doses? 

R: 	 (a) Yes. Releases though 250 ft (76 m) stacks (primarily Kr) produced doses 
that were recorded as environmental exposures throughout the site 

(b) 	 Guidance is provided in the External Dosimetry TBD.  

(11) Q: 	 TBD Section 5.6.2.1 (pg. 30) on high-enriched fuel storage states that “for 
claimants in which it can be established that they worked in the Building 603 
storage facility for extended time periods, and specific bioassay analyses are 
either not available or insufficient, a claimant favorable default intake of 1000 
DAC-hours per year should be assumed, i.e. 1000 hours/year at 2 x 10-9 µCi/cc.” 
The same request for clarification applies here as for question 5(a) in this section; 
how is this approach valid in the absence of airborne monitoring? 

R: 	 See the response to question 5(a). NIOSH also noted that this section of the TBD 
is being rewritten. 

(12) Q: 	 Section 5.6.4 (pg. 33) discusses the Radioactive Waste Management Complex 
(RWMC). Several major floods over the years and operational practices, 
especially in the earlier days of dumping waste into open trenches and pits, 
resulted in spreading of radioactive contamination across the facility. Not only are 
the workers at the RWMC and adjacent facilities vulnerable to airborne releases, 
they are also subject to potential pathways for ingestion, oro-nasal intake, and 
external/environmental exposure to high level radioactive waste materials. Where 
is guidance on accounting for exposure through these pathways? 

R: This has already been discussed. [see Question 1 of the Environmental Section] 
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(13) Q:   Section 5.6.4 (pg. 33):  As recently as 1995 and 1996, there were reported 
incidents of skyshine at Pit 9 due to disposal of high level gamma-emitting waste 
in Pit 17. This skyshine not only affects the onsite Pit 9 radiation workers, but 
also the offsite non-radiation workers in the Pit 9 Administration Area. Did the 
TBD team evaluate all these exposure pathways and source terms for the RWMC 
facility?  

R: Yes. The exposure pathways are well-documented and were considered. TLDs on 
badged workers would have recorded the exposures and those readings can be 
used to determine exposure to unbadged workers in the same area. 

(14) Q:   Tables 5.6.4-1 (pg. 34) and 5.6.4-2 (pg. 35) show the total volume and total 
curies of waste inventory at the RWMC facilities. Have these number been 
compared with 1995 and 1996 RWMC Historical Data Task reports? These 
inventory and concentration values are very significant and could cause 
significant internal doses to workers. How are these values used?  

R:  The values appearing in Tables 5.6.4-1 and 5.6.4-2 are straight out of the RWMC 
Internal Dosimetry technical basis document. NIOSH believes that these values 
were taken from the RWMC Safety Analysis. In any event, the values given in the 
TBD tables are primarily to indicate to the dose reconstructor the magnitude of 
the radioactive inventory and would not be used in an actual calculation to 
determine exposure to a claimant.  

(15) Q:   TBD Section 5.6.6.1 (pg. 35), on the TRA reactors, states:  “The claimant 
favorable recommendation is to use any in vivo counting data in the claimant files 
directly. If applicable data is absent, the in vivo MDLs may be assumed, 
consistent with information in Tables 5.1.1-1 and 5.4-3.”  

(a) There is no Table 5.1.1-1. Reference should probably be made to 
Table 5.4-1. 

(b) If actual data is absent, why should MDLs be used? They may not be 
claimant favorable, since, as in episodic releases, exposure levels possibly 
may be above MDL. A preferable approach may be to use surrogate data 
(similar worker in a similar situation); please comment.  

R: (a) Yes; NISOH corrected this discrepancy in the revision of this TBD that is 
currently under development 

(b) NIOSH is in the process of generating a co-worker exposure database for 
all sites that could be used in cases where data are absent. This task will 
eventually result in individual TIBs for the various sites. 

(16) Q:   TBD Section 5.6.6.1 (pg. 36) on the TRA reactors, states:  “The claimant-
favorable position is that there could have been some halogens and particulate 
radionuclides released along with the noble gases.” It continues:  “Table 5.6.6.1-1 
contains too many radionuclides for efficient dose reconstruction.”  
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(a) Is I-131 considered the most limiting radionuclides in the list of 
radionuclides of concern in Table 5.6.6.1-1? 

(b) Why is the factor of 1.6 used as the weighting factor to account for the 
total iodine dose? The total activity fraction is 0.834.  

(c) What compensation is provided in the weighting factors to account for the 
rest of the iodine contributions? Are there other radionuclides in addition 
to those in this table? 

R: (a) I-131 produces the greatest dose of the iodine isotopes, which, themselves, 
produce almost 95% of the total dose. Hence, I-131 is a good surrogate for 
the total dose 

(b) An earlier version of the table explained the origin of the factor of 1.6. A 
comparison of iodine doses, using ICRP-68 conversion factors, shows that 
I-131 contributes about 60% of the total dose; the reciprocal of 60% gives 
a multiplication factor of 1.6 

(c) The multiplication factor of 1.6 accounts for the dose contribution from 
the other iodines, which account for about 95% of the total dose. 

(17) Q:   TBD Section 5.6.6.1 (pg. 37), on the TRA reactors, states:  “The claimant-
favorable position is to assign a missed dose based on the MDA for in vivo 
counting (see Table 5.4-3) for Ag-110m and Ta-182.” Since noble gases are 
involved, should the dose reconstructor take into account the external dose from 
these gases?  

R: Noble gas contributions are recorded by film badges or TLDs.  

(18) Q:   TBD Section 5.6.6.2 (pg. 37), on the TRA laboratories, states:  “Use of the 
radiologically significant radionuclides for Zr fuel processed at the ICPP in 
Table 5.6.2.5-1 is claimant favorable for evaluating inhalation dose from exposure 
to contamination from the TMI fuel.” How should a dose reconstructor account 
for ingestion and oro-nasal doses? 

R: This has already been discussed. [see Question 1 of the Environmental Section] 

(19) Q:   TBD Section 5.7 (pg. 37), on missed dose, states:  “If claimant file includes 
positive external dosimeter readings, they should be treated as radiation workers 
and the default internal missed dose is applied as outlined in the table [5.7.1]. If 
no detectable external or internal dose information is recorded, only the 
environmental dose should be included.” What approach should be taken if the 
claimant is a radiation worker, but the claimant’s file does not show positive 
external dosimeter readings? Should the default internal missed dose be applied to 
this worker?  

R: No. If there is no external dose, there also is no internal dose.  
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(20) Q:   Table 5.7-1 (pg. 38) presents missed dose default assumptions recommended to 
be used by the dose reconstructors. The recommendations, however, are not very 
clear on how to apply these default assumptions. In the pre-1960 period, the 
assumptions are based on urine gross beta results. Then, between 1961 and 1980, 
they are based on whole body counting results. From 1981 on, they are based on 
bioassay results. There are significant inconsistencies in the foundation of these 
assumptions and approaches. How does a dose reconstructor reconcile these 
inconsistencies involving ingestion only and ingestion plus inhalation/oro-nasal 
results? 

R: Historically, this table has been a problem with respect to clarity. However, dose 
reconstructors have not registered any complaints about its use. The co-worker 
data base process may supersede this table in the future. [See response to question 
15 in this TBD.] 

(21) Q:   TBD Section 5.8 (pg. 39), on unmonitored workers, states:  “it is recommended 
that workers who have no recorded internal dose and wore a personnel dosimeter 
be treated the same as a worker who was monitored but had no bioassay results 
exceeding reporting levels.” 

(a) This is confusing. Isn’t a worker who wore a personnel dosimeter a 
worker who was monitored? 

(b) In the early days, the reporting levels were much higher due to lower 
sensitivity of the instrumentation. Should compensation be given to this 
worker by adding the reporting level or a portion of it to the total worker 
dose? 

R: (a) “Monitored” in this sentence refers to a worker who underwent a bioassay 
for internal dose. This will be clarified in a future revision 

(b) The co-worker data base process should supersede the TBD guidance. 
[See response to question 15 in this TBD.] 

(22) Q:   A July 2003 report prepared by SC&A under contract to the Centers for Disease 
Control and Prevention (Contract No. 200-2002-00367) revealed that the airborne 
emissions associated with several of the Initial Engine Tests (IETs 3, 4, and 10) of 
the Aircraft Nuclear Propulsion (ANP) Program, as estimated by the INEL-HDE 
(Historical Dose Evaluation) task group, were likely to have been underestimated 
as follows: IET 3 – underestimate of total radionuclide release by up to a factor 
of about 3; IET 4 – underestimate of noble gases by up to a factor of about 16, 
halogens by up to a factor of about 7, and solids by a factor of up to about 2; and 
IET 10 – underestimate of total radionuclide releases by up to a factor of about 7. 
It is suggested that occupational environmental doses associated with these 
revised estimates of airborne releases from the ANP Program be taken into 
consideration in dose reconstructions; please comment. 
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R: 	 NIOSH looked at the SC&A report supplied in the Advisory Board meeting in 
Boise in August 2004. The report, however, was only a “comment” report and not 
a final report. NIOSH revised the TBD where it felt revision was justified. 
NIOSH would like to see the final report if it has been produced. [It was 
subsequently determined that the report has not been finalized; SC&A will make 
it available to NIOSH when it is released.] 

Occupational External Dosimetry (ORAUT-TKBS-0007-6, Rev. 0, 4/6/04) 

(1) Q: 	 TBD Section 6.3.1 (pg. 8) mentions that “control badges which are used to 
subtract background radiation, have also been located there [at each operational 
areas entrance security gate]. This practice may lead to subtracting environmental 
radiation from site activities reducing the reported doses.”  

(a) 	 How would the dose reconstructor know if environmental doses were 
subtracted from the reported doses, and what he is then supposed to do in 
either case? 

(b) 	 Since the measured “environmental dose” could include contributions 
from air-borne radionuclides after release of fission products, what 
procedure is followed to assure that that the same dose is not ascribed 
twice to a worker? 

R: 	 (a) Environmental doses were subtracted from all reported doses for 
individuals. The dose reconstructor would use Table 6-1 yearly facility 
fence dose values (by year and facility) to determine direct gamma 
exposure by multiplying by (2000 WH/y)/(8760 hr/y). This value would 
be included in the person’s total dose 

(b) 	 [no notes taken] 

(2) Q: 	 TBD Table 6-1 (pg. 9) presents the gamma measurements recorded by the facility 
fence-line dosimeters; this table may be more helpful in the Environmental Dose 
TBD. 

(a) 	 It is not clear what “TLD – Background” in the table’s title means, 
especially as TLD monitoring must have begun in the 1970s.  

(b) 	 The background value for 1952–1972 (not given) is probably equal to the 
average exposures for the years 1973–2002 (123 mrem/year). Explain in a 
table footnote. 

(c) 	 It is not clear if the values stated for 1952–1972 are average values. 
Consider, for example, the SL-1 accident at the ARA II site in 1961. The 
dose at the facility fence for that site in that year must have been much 
higher than the 226 mrem (per year) given in the table. 

R: 	 (a) [no notes taken] 
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(b) The “1952–72” row entries represents annual doses at each facility 

(c) Film badges in the SL1 area were moved far away from the reactor site 
after the accident and, therefore, do not reflect contributions from the 
accident in the years after the accident occurred. The dose reconstructor 
would assume 226 mrem/y for each year in that range.  

(3) Q:   TBD Figure 6-4 (pg. 12), a dose report, shows an entry of 120 rads from beta 
radiation. Although there was a second, less sensitive, film included in the 
package, this is a very high dose, out of the range of modern film dosimetry 
systems with a maximum net optical density of about 4.5. OCAS IG-001 states 
that the saturation optical density of the Dupont film 502 was around 2.8. The 
TBD should discuss upper detection limits and how the dose reconstructor should 
account for high doses in excess of those limits.  

R: The original document gives 1000 R as the upper range of detection. Therefore, 
the dose of 120 rads is within range. 

(4) Q:   TBD Section 6.3.2.1 discusses the film badge system used initially at INL, and 
says: “Type 552 film has a threshold level of about 30 mR, and type 558 film has 
a threshold level of about 10mR” (pg. 13). The minimum detection level of film 
dosimetry depends strongly on the energy of the radiation. 10 mR would be 
possible for low energy photon radiation, but not for energies above about 200 
keV, which are characteristic of what was experienced at INL.  

R: A high-energy radium source was used for calibration. NIOSH maintained that 
published reports indicate that a 10 mR minimum reporting level (MRL) was 
achieved. NIOSH has since supplied supporting documented from the “O-drive” 
to SC&A. 

(5) Q:   TBD Section 6.3.2.7 (pg. 17) discusses nuclear track emulsion-Type A (NTA) 
neutron detectors. The second paragraph begins with the statement that “the 
minimum dose assigned was 14 mrem,” then presents anecdotal justification 
based on some 1958 readings. The following paragraph, discussing April 1959 
data, ends with the statement:  “These values suggest an MRL of 20 mrem.” It is 
not clear what value the dose reconstructor should assume, or whether assuming 
either 14 or 20 mrem would be claimant favorable.  

R: The 14 mrem value applies through 1958 and the 20 mrem value applies 
thereafter. The protocol for reading NTA detectors changed in the 1958 to 1959 
time frame. SC&A noted that the minimum dose assigned was much higher at 
other DOE sites; for example, it was taken as 50 mrem at the Savannah River Site. 

(6) Q:   Table 6-2 (pg. 18) presents INEEL Facility Neutron Correction Factors (FNCF) 
for Hankins dosimeters for several of the site facilities. It is not clear from the 
accompanying text whether the data recorded in the workers’ records were 
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already adjusted based on the FNCFs or whether the dose reconstructor should 
make the adjustments.  

R: The adjustments have been made in the recorded data. NIOSH stated that it would 
clarify this point in a future revision of the TBD.  

(7) Q:   TBD Section 6.3.2.8 (pg. 18), when discussing the date of changeover from NTA 
to albedo neutron monitoring, states that “dose reconstructors should make the 
claimant-favorable assumption that this transition occurred in October 1976.” 
Why is this assumption claimant favorable? If the albedo monitors recorded 
higher doses than the NTA monitors, then shouldn’t readings from the latter be 
adjusted upward appropriately? 

R: The multiplier factor applied to the NTA is greater than one, so the assumption is 
claimant favorable. 

(8) Q:   Table 6-3 (pg. 20) lists estimated (based on judgment) percentage laboratory 
calibration uncertainties for beta/photon dosimeters. How were these uncertainties 
factored into reported dose in a claimant-favorable fashion? 

R: Individual uncertainties are factored into the IREP process of deriving a claimant-
favorable dose. 

(9) Q:   Figure 6-8 (pg. 21) shows two curves, but they are not labeled. Also, the 
probability density should fall to zero at zero MeV.  

R: The curves are not labeled. Number “1” is probably measured values and number 
“2” calibration values. NIOSH thought that it was permissible that the graph not 
go to zero at zero MeV since there are some low energy neutrons present. 

(10) Q:   Table 6-4 (pg. 21) lists sources of anticipated laboratory bias in calibrating 
neutron dosimeters. Some of the rows indicate that “recorded dose of record is 
likely too low.” How is that finding factored into deriving claimant-favorable 
dose numbers? 

R: This finding has not been factored explicitly and separately into determining 
doses. Rather, all uncertainties are folded into the IREP program.  

(11) Q:   Table 6-6 (pg. 23 – note that Table 6-6 precedes Table 6-5, which is placed on 
page 25) shows IREP beta and photon energy groups for different INL facilities. 
In all cases, save the last, the split between the lower and higher photon energy 
groups is given as 25% to 75%. This assumption is not as claimant favorable as 
the SRS or Hanford photon spectrum assumption of a 50% to 50% split (see, for 
example, SRS ORAUT-TKBS-0003, Table 5.3.4.1-1). Why was the 25% to 75% 
split chosen for INL? 

R: NIOSH will look into this. [subsequent to the teleconference, ORAU team 
member Intrepid determined that while Savannah River used the 50:50 spectrum 
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mix, Hanford and other sites used the 25:75 mix adopted for INL.  Intrepid 
believes the latter mix is appropriate since the unshielded dose fraction in the 
upper energy group (> 250 keV) represents over 95% of the total dose, and that 
after passing through some shielding, an assumption of 75% in the upper group is 
a reasonable approximation of that dose mix.] 

(12) Q:   TBD Section 6.3.4.2, on beta radiation, refers to Figure 6-10 (pg. 24) as indicating 
that the beta exposures can only be appropriately applied to the skin and not to the 
breast or testes. The figure, however, shows that 100% of the nuclides will 
contribute to the 0.07 mm dose (skin), but that also at least 30% could contribute 
to the 1 mm (100 mg/cm2) dose at the closest parts of the breast and testes. 
Therefore the potential effect of beta exposures to the breast and testes should not 
be disregarded. Also, it is not clear whether the general shallow dose procedures 
developed by NIOSH should be applied at INL, namely the “Addendum to 
External Dose Reconstruction Procedure:  Shallow Dose Calculations for 
Complex-Wide Cases,” ORAUT-PROC-0006 Rev. No. 00 PC-2.  

R:  It is not appropriate to apply beta surface dose to the testes and breast at the 1 
mm level. That there is some beta contribution at that depth is factored into the 
dose reconstruction process. 

(13) Q:  Table 6-5 (pg. 25) of the TBD presents data to allow determination of correction 
factors for the recorded beta doses to compensate for the underreporting 
associated with dosimeter thickness. It is not clear, however, how the table values 
were obtained. 

R: The correction factors account for the dosimeter covers and dosimeter thicknesses. 
A dose reconstructor would divide the reported dose by the factor given in the last 
column.  

(14) Q:   TBD Section 6.3.4.3.1 (pg. 27) states that:  “The exception to the above 
discussion [no beam ports – low potential for neutron exposure] is the MTR, 
which … had beam ports and neutron beams extending onto a research floor. Also 
in this category are the Zero Power Physics Reactor (ZPPR) and Transient 
Reactor Test (TREAT), both at Argonne West.” Why was the Neutron 
Radiography (NRAD) TRIGA reactor (described in Section 2.4.13 of the INL Site 
Description TBD, ORAUT-TKBS-0007-2) not included as well? 

R: The TRIGA is excluded since it was installed in 1977, after NTA dosimeters were 
no longer used. 

(15) Q:   TBD Section 6.5.2 (pg. 33), on neutron missed dose, states:  “If no neutron dose 
was assigned to him/her or to co-workers for several months, the dose 
reconstructor should assume that the person was not exposed to neutrons so no 
neutron dose would be missed.” It is not clear if these instructions pertain to all 
workers or only workers in the designated neutron exposure areas (MTP, ZPPR & 
TREAT). For those workers in the neutron exposure areas, it may not be claimant 
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favorable to disregard a series of zero measurements since the workers may have 
been exposed to ongoing low levels of radiation below levels of detection. Also, it 
appears that the term “several months” could be interpreted in various ways by 
the dose reconstructors, resulting in different missed neutron dose estimates. 

R: 	 “Several” may be interpreted as more than three. The dose reconstructor examines 
a copy of the dose report, which includes co-worker data along with the 
claimant’s exposure. If they all have zero neutron dose recorded, then the 
claimant probably also should have a zero neutron dose. Since neutrons are only 
present at a few known areas, it would be inappropriate to ascribe a neutron dose 
to the claimant.   

(16) Q: 	 TBD Section 6.7 (pg. 34) discusses uncertainties and ascribes the following 
uncertainties: photons – 35% at 1 sigma; beta – 50% at 1 sigma; neutrons – 60% 
at 1 sigma. It is not clear how these values were obtained or how the reconstructor 
should apply them to ensure claimant-favorable results.   

R: 	 These are “best guess” numbers, not calculated values. Some recent field 
measurements and Hanford results support these assumptions for uncertainties. 
Uncertainties are incorporated into the IREP 
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ATTACHMENT 2: ADVANCE QUESTIONS FOR SITE EXPERT 

INTERVIEWS 


INEEL Plant Site Expert Interview 

External Dosimetry 

(1) The MDL for a dosimeter would be affected by the exposure geometry and potential 
shielding of the dosimeter by the body or other aspects of the geometry of exposure 
relative to the badge location.  How was angular dependence accounted for in non
traditional exposure situations? Were angular dependence issues considered with neutron 
dosimetry as well? 

(2) Were there any studies done on the differences in badge response between the calibration 
sources and the actual radionuclides in the field?  Are these differences in source term 
accounted for in calculation of dose from dosimeters? 

(3) Who was responsible for performing tests on new badge systems?	 How were these tests 
documented?  Can we obtain a copy of these documents? 

(4) How were individuals directed to wear their beta/gamma dosimeter? How were they 
directed to wear their neutron dosimeter? 

(5) What were the procedures for assigning dose due to a lost or damaged dosimeter? 

(6) Where were badges stored historically?  Were individuals allowed to take them home? 

(7) How did you measure slow neutron dose prior to the TLND?	  What was the effectiveness 
and detection limit on this system? 

(8) Were temporary badges ever assigned to individuals on the routine monitoring program? 
If so, under what conditions?  How were the results accounted for when assigning 
external dose of record? 

(9) When is/was extremity dosimetry assigned to workers? 

(10) Are/were there conditions where partial body exposures (e.g., skin, lens of eye, gonads, 
chest, etc.) would have significantly exceeded whole body exposure measured by the 
routine dosimeter?  If so, how did INEEL address this issue? 

(11) Under what conditions, do/did INEEL use multiple dosimetry?	  How was the whole body 
dose assigned in these circumstances? 

(12) Are/were dosimetry requirements varied for high-risk jobs, such as during sampling of 
process material or maintenance? 
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(13) Was/Is there an area dosimetry program at INEEL?	 If so, when and how were these 
results used? 

(14) Was timekeeping ever used as a mechanism to limit internal or external dose?  	If so, 
under what conditions and where are the records located? 

(15) Were zeros ever entered into badge records when workers did not turn in their badges?  	If 
so, how common was the practice?  Was it confined to some periods of operation? 

(16) What is/was the process for assigning dosimeters to subcontractors and visitors? 

(17) Are you aware historically of unsanctioned practices by workers with respect to their 
dosimeter (e.g., putting them on sources, not wearing them, etc.)?  For instance, were 
there times when workers would take off their dosimeters when the maximum limit was 
being reached so that they could continue to work?  If yes, was this kind of practice more 
common in some areas than in others? 

(18) Are there audits or assessments (especially historical) of the INEEL external dosimetry 
program available?  If so, can we get a copy of these documents? 

(19) Can you recommend resources (i.e., technical reports, books, films, etc.) that may be 
helpful in understanding the historical operations of the site? 

INEEL Site Expert Interview 

Radiological Field Operations 

(1) What was the radiological control organizational structure at the inception of the plant? 
How has it changed over time? 

(2) What is the current radiological organization’s structure? 

(3) Were employees frequently transferred between the different processes or did they 

maintain the same job for a majority of their career? 


(4) How much movement was there between INEEL and other DOE sites? 

(5) How does this organization interact with subcontractors and/or the environmental 

restoration contractor?
 

(6) What has been the primary regulatory driver (e.g., 10 CFR 835) over the period of 

operation at INEEL?
 

(7) There are a number of areas at the INEEL plant where the DOD conducted operations.  
What did these operations involve and where were they conducted?  How much support 
did INEEL workers provide to these operations? 
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(8) Do you provide RCT, radiological engineering, dosimetry, and instrument support for 
subcontractors and construction support?  How do you control the radiological practices 
of subcontractors?  How is/was this different in the past? 

(9) When were RWP/SWPs used at INEEL?	  What types of RWP/SWPs were used (i.e., job 
specific, routine)?  Were early work permits focused on job specific coverage or did they 
include routine work also?  Did they have sign in sheets? 

(10) If the data were available, is there a mechanism to associate workers on a particular job 
with survey/air sampling data taken for that job?  Why or why not? 

(11) How were/are RWP/SWP requirements such as the following determined? 

• PPE Requirements 
• Bioassay Requirements 
• Dosimetry Requirements 
• Not to exceed radiation and contamination levels 
• RCT coverage 
• Entry/Exit requirements 

(12) In the absence of RWP/SWPs, how were the above requirements determined and 
communicated to the workers? 

(13) How have the posting and contamination control limits changed over the period of 
operation of the site? 

(14) Were there always common procedures for posting, contamination control, and 
determining radiation protection requirements?  In other words, was the process for 
determining survey frequency, dosimetry requirements, PPE, etc. consistent over time? 

(15) How did you historically determine monitoring for individuals who work all over the site 
(i.e., maintenance)? 

(16) How are/were spread of contamination and other small occurrences documented? 

(17) How were incidents involving personnel exposure documented?	  Where are these records 
located?  What percentages of incidents are classified? 

(18) What are the radionuclides of concern from a field perspective by building? 

(19) When did the site start receiving recycled fuel? 

(20) In terms of ALARA classification, can you name some high-risk jobs? 

(21) Are there areas on site where administrative offices back up to or are adjacent to 
radiological areas? 
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(22) What portable survey instruments were originally used at INEEL?	  What instruments are 
used today? 

(23) Is there field characterization data?	  If so, where is this data located?  How can we obtain 
a copy? 

(24) How are/were portable survey instruments calibrated at INEEL?	 How has this changed 
over time? 

(25) What sources (neutron, beta, gamma) were used for calibration over time? 

(26) Are there documents or reports available on the instrumentation and air sampling 
equipment used now and in the past at INEEL?  If so, how can we obtain a copy? 

(27) What type(s) of air sampling equipment have been used in the past? 

(28) When were breathing zone apparatus first used at INEEL?	 Is INEEL involved in DAC-
hour tracking?  If so, when did this begin? 

(29) How was air sampling equipment calibrated historically?	 How has this changed over 
time? 

(30) What sort of technology shortfalls have your identified with respect to field 
instrumentation and analytical abilities? 

(31) Describe the engineering controls, administrative controls, and PPE that are commonly 
employed in each building handling radioactive material.  How was this different in the 
past? 

(32) How extensive is/was the use of Radiation Generating Devices (e.g., radiography sources, 
x-ray diffraction, etc.)?  What types of devices were used?  In what operations and 
buildings were these devices used? 

(33) Are there field conditions that are particularly challenging to the field radiological control 
staff?  If so, what? 

(34) Have there been particle size and/or solubility class studies at INEEL? 

(35) What is the relationship between INEEL and the state of Idaho? 

(36) What is the extent of decontamination and decommissioning operations?	  What D&D 
activities have occurred in the past? 

(37) Can you recommend resources (i.e., technical reports, books, films, etc.) that may be 
helpful in understanding the historical operations of the site? 
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INEEL Site Expert Questions 

Environmental Monitoring 

(12) How were these environmental releases documented?	  Where are these records located?  
Has INEEL published any internal reports on releases of radioactive material to the 
environment?  If so, where can we obtain a copy? 

(13) Do annual environmental reports include both routine and episodic releases?	 If not, 
please explain. 

(14) Are you aware of historical particulate and gaseous releases from facilities to the  

(15) What is the extent of outdoor contamination at INEEL in the soil, groundwater, 
vegetation, etc.? 

(16) When did the environmental monitoring program for soil, groundwater, and vegetation 
begin?  What did/does the monitoring protocol involve? 

(17) What is the relationship between INEEL and the state of Idaho? 

(18) What EPA regulated activities are currently occurring at INEEL?  

(19) In some situations, liquid effluents can be found to deliver a higher dose to the public 
than airborne releases from a facility.  Is this the case for occupational workers at the 
INEEL site? If so, explain. 

(20) Have you ever calculated environmental doses to onsite workers? If so, where is this 
information documented? 

(21) What radionuclides were released from INEEL facilities and when did these releases 
occur? 

(22) Were there any significant episodic releases from INEEL? 

(23) What controls did INEEL implement over time to reduce environmental emissions from 
the facility? 

(24) Were there any burning operations at INEEL involving radioactive material?	 If so, 
please explain. 

(25) Can you recommend resources (i.e., technical reports, books, films, etc.) that may be 
helpful in understanding the historical operations of the site? 
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INEEL Plant Site Expert Questions 

Internal Dosimetry 

(1) Historically, what was the basis for determining who was put on a bioassay program? 

(2) Were there any employees that were exposed to radionuclides who were not on an 
adequate bioassay program?  How was internal dose to these individuals determined? 

(3) What were the bioassay requirements in areas where recycled uranium was handled?  
Were individuals tested for potential plutonium intakes? 

(4) Historically, who determined the need for special bioassay samples? 

(5) What areas had the greatest number of intakes historically?	  Why do you think this was 
the case? 

(6) Based upon current/past decision levels related to in vivo and in vitro analyses, have you 
estimated a potential missed dose?  If so, where is this information documented? 

(7) How effective were early in vivo counters for the detection of natural, depleted and 
enriched uranium?  Were they used for the detection of other radionuclides of concern? 

(8) Describe the interaction between internal dosimetry and the field personnel during an 
incident or occurrence. 

(9) Have there been any particle size studies done at the INEEL facilities?	 If so, where are 
they documented? 

(10) What default assumptions do you used when calculating internal dose (i.e., particle size, 
solubility class, date of intake, type of intake, etc.)? 

(11) Are there areas at INEEL where there is a potential for an intake of high fired plutonium 
or uranium oxide?  If so, how does an intake of high fired oxides affect your internal dose 
calculation? 

(12) How extensively did INEEL Plant handle tritium?	  Was there potential exposure to 

tritides? 


(13) Was there ever a time when air concentration data was used to determine internal dose? 
If so, how was the dose determined? 

(14) Have you done any comparisons between air concentration data, in vivo data and in vitro 
data?  If so, what were the results? 

(15) Have certain isotopes between used as an indicator for the presence of other isotopes? 
For example, a bioassay program may focus on Cs-137 as the central radionuclide; 
however, when Cs-137 results are positive it may trigger a Sr/Y-90 bioassay. 
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(16) How did you account for intakes of a given radionuclide prior to the establishment of 
bioassay techniques for that given radionuclide? 

(17) What is your involvement in incident response? 

(18) What are the background levels of uranium and thorium in fecal and urine samples for 
the geographical area? 

(19) What technology shortfalls have been identified in the current and historical bioassay 
programs? 

(20) Are there audits or assessments of the INEEL internal dosimetry program available?  	If 
so, can we get a copy of these documents? 

(21) Are thoron and radon an occupational exposure issue in any areas of the facility?	 If so, 
where? 

(22) How involved were you in the development of the INEEL site profile?	  Did 

NIOSH/ORAU interview you?  If so, when?
 

(23) Can you recommend resources (i.e., technical reports, books, films, etc.) that may be 
helpful in understanding the historical operations of the site? 

INEEL Site Expert Questions 

Radiological Records 

(1) Are you aware of any code names encountered in the records and their meanings?	 If so, 
can we get a copy? 

(2) What were the various terms used to refer to shallow and deep dose through time?	 How 
were these terms defined?  Were tritium and neutron dose incorporated into whole body 
doses? 

(3) Do you have a document describing the historical dosimetry records and the abbreviation 
used on these records?  For example, a document that may define codes used to 
differentiate between extremity, whole body and multiple dosimeters.  If so, can we 
obtain a copy of this information?  If we have questions related to a specific record who 
can we direct these questions to? 

(4) How complete are the dosimetry files (early and current) with respect to dosimeter results 
and calibrations, bioassay results, PIC data, time-keeping data, multiple dosimetry results, 
and investigation reports for lost or damage dosimeters?  Are these records associated 
with an individuals personnel radiation exposure file, or are some of the records stored 
with field radiological control records? 



 
 

   
 

  

 

 

   

 

 

  

 

  

 

 

 

 

 

Effective Date: 
September 23, 2005 

Revision No. 
 0 (Draft) 

Document No. 
SCA-TR-TASK1-0005 

Page No. 
 161 of 186 

(5) Who is in charge of maintaining field radiological records?	  How are these records stored? 
How retrievable is information such as work permits, early radiological surveys, and air 
monitoring records? 

(6) How are incident and personnel contamination reports stored?	 Is there an incident 

database that summarizes all incidents at INEEL?  If so, does it include classified 

incidents?
 

(7) How are off-normal situations such as a spill of radioactive material that is not likely to 
result in personnel exposure documented? 

(8) How were/are the doses for subcontractor/construction tracked?  	Are these records stored 
separately from permanent employee records?   

(9) When are radiation exposure reports issued to visitors, workers, subcontractors, etc?	 Has 
this always been the practice? For example, if a visitor from SRS came to visit INEEL 
and entered a radiation area, would INEEL provide a radiation exposure report to SRS on 
this particular employee? 

(10) Has dose of record been modified for any reason over time? 

(11) Did early contractors take monitoring records with them when a new contractor took over? 
For example, at Hanford DuPont took their dosimetry records and other records with 
them when their contract ended. 

(12) Has the site destroyed any dosimetry, bioassay or field radiological records in the past?  
If so, please explain? 

(13) What radiological exposure records are provided to NIOSH for the purpose of dose 

reconstruction? How often have you received follow up requests for additional 

information?
 

(14) Can you recommend resources (i.e., technical reports, books, films, etc.) that may be 

helpful in understanding the historical operations of the site?
 

INEEL Site Expert Questions 

Medical Exams/Treatments 

(1) What were the medical exam requirements for workers in the present and historically? 

(2) What did the medical exams include? 

(3) How frequently did INEEL employees have medical exams? 

(4) How frequently were they given x-rays as a part of this exam? 

(5) What type of x-ray equipment (i.e., manufacturer, model) was used historically? 
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(6) What type of x-ray equipment (i.e., manufacturer, model) is used currently? 

(7) Was photofluorography used at any time at the INEEL? 

(8) Were 4” x 5” films every used for x-rays? 

(9) Did the radiation safety department ever perform a radiation survey or study to determine 
the exposure from medical exam x-rays?  If so, what were these results? 

(10) Who performed x-ray inspections on your equipment? Where are these records located? 

(11) Are there other items that you would like to add that would help evaluate medical x-ray 
exposure? 

(12) How many chelation procedures have been performed at INEEL? 

(13) How many lung lavage procedures have been performed at INEEL? 

(14) What is/was the criteria for using chelation therapy? 

(15) When chelation therapy was done, where were the records stored? Did this information 
end up in the medical or radiation exposure file? 

(16) Are there other items that you would like to add that would help evaluate internal 

exposure to radionuclides?
 

(17) Is it possible to review a sample medical record from a long term employee and ask some 
questions? 

INEEL Site Expert Questions 

Operations/Maintenance 

General Questions 

(1) Which plant did you work in and what tasks did you perform.  	Did these tasks involved 
radioactive material?  If so, what type? 

(2) Were employees frequently transferred between the different processes or did they 

maintain the same job for a majority of their career?  


(3) How many hours a day and per week did you routinely work? 

(4) Did you receive radiological worker training?  If so, when did this training begin? 

(5) What particular forms of radioactive material did you work with? 

(6) Were you monitored with dosimeters (i.e., film badges or TLDs) when you were working 
on tasks where radiation exposure was likely? 
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(7) Where were you instructed to wear your dosimeter? 

(8) Did you store your dosimeter onsite or take it home? 

(9) Were there situations where a portion of your body was more exposed than others?	 If so, 
where was your dosimeter in relation to this exposure? 

(10) Did you every wear pocket ionization chambers (also called PICs or pencils) at the plant? 

(11) Did you participate in a urine or fecal bioassay program?	  If you received sampling, how 
often was it done i.e., monthly, quarterly, annually? 

(12) If you had urinalysis or fecal bioassay, when were you told to submit the sample (e.g., 
after an event, Monday morning, etc.)? 

(13) Were you asked to submit blood samples for the purpose of radiation monitoring?	 If so, 
please explain. 

(14) Did you ever have a whole body or lung count and if so how often? 

(15) Were you aware of the use of co-worker exposure data to assign a dose?	 If so, what 
problems or advantages do you see in doing this? 

(16) Were your dosimeter and bioassay results made available to you routinely?	  When did 
this begin? 

(17) What type of PPE was used throughout the operation of the plant in the various 
operations?  Did you wear special protective clothing while working on the job?  When 
did you start wearing shoe covers? 

(18) How were PPE and special dosimetry requirements communicated to you prior to the use 
of radiation work permits?  Were the PPE requirements consistent between different 
departments for the same type of task? 

(19) Were there situations where an individual in the immediate vicinity of the work wore 
PPE yet an individual standing near that individual did not?  If so, please explain? 

(20) Where was support personnel (e.g., health physics technicians, foreman, security, etc.) 
located in relation to the immediate production lines, machining or maintenance? 

(21) Were there showers or change rooms at the facility?	  Did you shower and change your 
work clothing before leaving for home? 

(22) How were respirators assigned?	  Did an individual use the same respirator more than one 
time?  If so, where was the respirator stored in between uses? 

(23) Did you keep your respirator around your neck in production areas even when not in use? 
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(24) Did you support army operations onsite?	  If so, what was your role?  What other INEEL 
employees provided support to these operations? 

(25) What operations involved hands-on work with radioactive material verses being 

automated? 


(26) Were you allowed to eat, drink or smoke in the immediate vicinity of the radioactive 
material?  Were you allowed to have food or beverages at your immediate work location? 

(27) Did you undergo medical exams and if so what did these exams involve? 

(28) Did you receive medical chest x-rays as part of your medical screening while at INEEL 
and if so how often was that done?  Do you remember any details about these x-rays such 
as film size? 

Operations 

(1) Describe the process for shipping and receiving of weapons, weapons components and 
SNM. Who was responsible for verifying inventory on incoming and outgoing shipments? 

(2) What radioactive materials did INEEL handle?	 This would include Research and 

Development activities.  What quantity of these materials were handled? 


(3) When did INEEL start to process and/or store recycled uranium? 

(4) What is the range of enrichment of uranium handled historically and currently at INEEL? 

(5) How was material transported from one facility to another onsite? 

(6) Were you ever involved in environmental restoration operations?  If so, please explain. 

(7) Where there machining operations onsite which involved radioactive material?  	If so, 
please explain. 

(8) What were the high-risk jobs associated with the operation of the INEEL site? 

Incidents and Accidents 

(1) How are/were incidents documented at the INEEL Plant? 

(2) Are there incident reports that are classified?  If so, what percentage of the reports? 

(3) How are/were minor occurrences such spills, clothing and personnel contamination, and 
area contamination spreads that could result in internal exposure documented? 

(4) Were you ever involved in an accident, contamination spill, fires, or other incidents?  	If 
so, please explain? 

(5) How frequent were personnel and/or personal effects contamination incidents? 
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(6) Are you aware of other major incidents that occurred at INEEL? 

Environmental Releases 

(1) Were there any significant episodic releases from INEEL? 

(2) Were there radiological releases from INEEL facilities?	 If so, explain. When did this 
occur? 

(3) Were you exposed to contaminants outside the facilities that might have contributed to 
your dose?  If so, please explain. 

Other Questions 

(1) What chemical exposures have you received in conjunction with radiation exposure? 
Were these chemical exposures simultaneous with radiation exposure? 

(2) Were you ever directed by management to not wear your badge while around radioactive 
material? 

(3) Were there unauthorized practices occurring at the INEEL plant?  If so, what were they? 

(4) Are there other individuals that should be interviewed? 

(5) Are there sources of historical documents you are aware of which may be beneficial to 
our review? 
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ATTACHMENT 3: SUMMARY OF SITE EXPERT INTERVIEWS 


RESERVED FOR FINALIZED SUMMARIES
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ATTACHMENT 4: CONSISTENCY BETWEEN HANFORD, SRS AND 

INL SITE PROFILES 


Table A1: Occupational Medical Exposure Default Assumption Comparison for INL, 

Savannah River Site, and Hanford 


Description of 
Assumption Idaho National Laboratory Savannah River Site Hanford 

Before 1954 (PA): Annual 
1954–1969 (PA):  New hires; 
Radworkers – 18–24 (every Posterior-Anterior View: 
4th year); 25–39 (triennial); Before 1946 – 1/1982:  Pre
40–49 (biennial); over 50 
(annual); Non-radworkers: 
30–39 (every 5th year); 40–49 

employment, annual, and 
termination 
1/82–1/83: Pre-employment, 

(triennial); 50–59 (biennial); annual, and termination for 
over 60 (annual).
 1970–1976 (PA+Lat): New 

over 50 years; Biennially for 
40–49 years; Every third year 

Frequency of chest 
x-rays (Default) 

hires; At age 25, 30, 34, 37, 
40; 40–62 (biennial); over 62 
(annual). 

One annual x-ray procedure 
for each year or partial year.  

for 39 years or younger. 
1/83–3/90:  Biennially for over 
50 years; Every third year for 

1977–1978 (PA+Lat): New 40–49; and Every five years 
hires; less than 45 (biennial); for 39 years and younger. 
over 45 (annual). 
1979 to 1/1990 (PA): New 
hires; high risk only (every 4th 

3/90 – present: Every five 
years 

year). Lateral chest x-rays also given 
2/1990 to present (PA+Lat):  periodically prior to 4/1997. 
New hires; high risk only 
(every 4th year). 

Organ Dose 
Conversion Factors Obtained from ICRP 34 (1982) Obtained from ICRP 34 (1982) Obtained from ICRP 34 (1982) 

IREP Radiation Rate Not indicated in the TBD. Acute Acute 
IREP Radiation 
Type Not indicated in the TBD. Photons, 30–250 keV Photons, 30–250 keV 

IREP Dose 
Distribution Type Not indicated in the TBD. Constant Constant 

Total uncertainty 30% (no multiplier indicated) 30% (x-ray dose multiplied by 
1.3 and entered as a constant) 

30% (x-ray dose multiplied by 
1.3 and entered as a constant) 

No conversion factor 
indicated. 
Specific air kerma (mrad) for 
PA and Lateral used: 

Conversion Factor 
from PA to Lateral 

Pre-1954: 200 (PA) and 200 
(Lat); 2.5 2.5 

1954–1990:  52 (PA) and 74 
(Lat); 
1990–Present: 53 (PA) and 76 
(Lat). 
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Table A1: Occupational Medical Exposure Default Assumption Comparison for INL, 

Savannah River Site, and Hanford 


Description of 
Assumption Idaho National Laboratory Savannah River Site Hanford 

Chest thickness not indicated. 
Distance accounts for body 

Chest Thickness thickness and space between 
person and film: 

PA View: 26 cm 
Lateral View: 34 cm 

PA View: N/A 
Lateral View: N/A 

PA View: 30 cm. 
Lateral View: 40 cm. 

Substitute dose 
conversion factors 
for thyroid, 
eye/brain, ovaries 
and analogues, 
testes, and uterus 

In absence of collimation 
information, substitute DCFs 
used for the pre-1970 time 
frame (Table 4.0-1, Kathren 
2003). For skin doses, a 
backscatter factor is taken 
from NCRP 102 Table B-8. 

Substitute view and organ Use DCFs for lung for all 
DCFs applied to minimally other organs in thoracic cavity; 
collimated beams prior to for organs in abdomen, use 
1970.  (Scalsky 2004, pg. 50) DCFs for the ovary (Scalsky 

2003, pg. 10) 

Analog organ for 
Thymus Lung Lung Lung 

Analog organ for 
Esophagus Lung Lung Lung 

Analog organ for 
Stomach Lung Lung Lung 

Analog organ for 
Bone Surface Lung Lung Lung 

Analog organ for 
Liver, gall bladder, Lung Lung Ovary 
spleen 

Analog organ for 
Remainder Organs 

None 
(Specific organ doses are 
provided for skin.) 

Lung Ovary 

Analog organ for 
Urinary/bladder and Ovary Ovary Ovary 
colon/rectum 
Analog organ for 
Eye/brain Thyroid Thyroid 

Posterior-Anterior View X-ray Techniques1,2 

Thyroid 

kVp: Unknown 
Site was not in operation. mAs:  Unknown 

<1946 INEEL began operations in 
1949 (TBD#2, pg. 12). Site not in operation. SSD:  72” (183 cm) 

SID:  183 cm 
Filtration:  2.5 mm Al 
ESE: 120 mR 

2/1946 – 12/ 1950
 

Site was not in operation until 
1949. 

1949–1950: 
kVp:  unknown kVp: 80  kVp: 80 
mAs:  unknown mAs:  30 mAs:  25 
SSD: 153 cm SSD: 152 cm SSD:  72” (183 cm) 
SID:  183 cm SID:  183 cm SID:  183 cm 
Filtration: unknown Filtration:  1.5 mm Al Filtration:  2.5 mm Al 
ESE: 200 mR ESE: 108 mR ESE: 79 mR 
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Table A1: Occupational Medical Exposure Default Assumption Comparison for INL, 

Savannah River Site, and Hanford 


Description of 
Assumption Idaho National Laboratory 

1951– 1954: 

Savannah River Site Hanford 

kVp:  unknown 
mAs:  unknown 
SSD: 153 cm 

1/1951–4/19/59 

SID:  183 cm 
Filtration: unknown 
ESE: 200 mR 
1954 on: 
kVp: 90  
mAs:  300 
SSD: 153 cm 

kVp: 80 
mAs:  30 
SSD: 152 cm 
SID:  183 cm 
Filtration: 
ESE: 108 mR 

kVp: 80 
mAs:  10 
SSD:  72” (183 cm) 
SID:  183 cm 
Filtration:  2.5 mm Al 
ESE: 79 mR 

SID:  183 cm 
Filtration: 2.5 mm Al total 
ESE: 52 mR 

4/1959 – 12/1970 

kVp: 90  
mAs:  300 
SSD: 153 cm 
SID:  183 cm 
Filtration: 2.5 mm Al total 
ESE: 52 mR 

kVp: 80 
mAs:  30 
SSD: 152 cm 
SID:  183 cm 
Filtration:  3.5 mm Al 
ESE: 108 mR 

kVp: 80 
mAs:  10 
SSD:  72” (183 cm) 
SID:  183 cm 
Filtration:  2.5 mm Al 
ESE: 40 mR 

1/1971 – 1/1983 

kVp: 90  
mAs:  300 
SSD: 153 cm 
SID:  183 cm 
Filtration: 2.5 mm Al total 
ESE: 52 mR 

kVp:  110–120 
mAs:  10 
SSD: 152 cm 
SID:  183 cm 
Filtration:  3.5 mm Al 
ESE: 44 mR 

kVp: 80 
mAs:  10 
SSD:  72” (183 cm) 
SID:  183 cm 
Filtration:  2.5 mm Al 
ESE: 40 mR 

1/1983 – 7/1985 

kVp: 90  
mAs:  300 
SSD: 153 cm 
SID:  183 cm 
Filtration: 2.5 mm Al total 
ESE: 52 mR 

kVp:  110–120 
mAs:  10 
SSD: 152 cm 
SID:  183 cm 
Filtration:  3.5 mm Al 
ESE: 44 mR 

kVp: 100 
mAs:  10 
SSD:  72” (183 cm) 
SID:  183 cm 
Filtration:  2.5 mm Al 
ESE: 35 mR 

8/1985 – 3/1990 

kVp: 90  
mAs:  300 
SSD: 153 cm 
SID:  183 cm 
Filtration: 2.5 mm Al total 
ESE: 52 mR 

kVp: 120 
mAs:  7.5 
SSD: 152 cm 
SID:  183 cm 
Filtration:  3.5 mm Al 
ESE: 33 mR 

kVp: 100 
mAs:  10 
SSD:  72” (183 cm) 
SID:  183 cm 
Filtration:  2.5 mm Al; 4.0 mm 
Al for CONX Type 12 
ESE: 35 mR 

3/1990 – 4/1997 

kVp: 100 
mAs:  300 
SSD: 153 cm 
SID:  183 cm 
Filtration: 2.5 mm Al total 
ESE: 53 mR 

kVp: 120 
mAs:  7.5 
SSD: 152 cm 
SID:  183 cm 
Filtration:  3.5 mm Al 
ESE: 33 mR 

kVp: 110 
mAs:  6.7 
SSD:  72 “ (183 cm) 
SID:  183 cm 
Filtration:  4.0 mm Al 
ESE: 21 mR 
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Table A1: Occupational Medical Exposure Default Assumption Comparison for INL, 

Savannah River Site, and Hanford 


Description of 
Assumption Idaho National Laboratory Savannah River Site Hanford 

kVp: 100 kVp: 120 kVp: 110 
mAs:  300 mAs:  7.5 mAs:  10 

4/1997 – 2/1998 SSD: 153 cm 
SID:  183 cm 

SSD: 152 cm 
SID:  183 cm 

SSD: 183 cm 
SID:  183 cm 

Filtration: 2.5 mm Al total Filtration:  3.5 mm Al Filtration:  4.0 mm Al 
ESE: 53 mR ESE: 33 mR ESE: 17 mR 
kVp: 100 kVp: 120 kVp: 110 
mAs:  300 mAs:  7.5 mAs:  5 

2/1998 – 5/1999 SSD: 153 cm 
SID:  183 cm 

SSD: 152 cm 
SID:  183 cm 

SSD: 183 cm 
SID:  183 cm 

Filtration: 2.5 mm Al total Filtration:  3.5 mm Al Filtration:  4.0 mm Al 
ESE: 53 mR ESE: 33 mR ESE: 11 mR 
kVp: 100 kVp: 120 kVp: 110 
mAs:  300 mAs:  7.5 mAs:  5 

5/1999 – present SSD: 153 cm 
SID:  183 cm 

SSD: 152 cm 
SID:  183 cm 

SSD: 183 cm 
SID:  183 cm 

Filtration: 2.5 mm Al total Filtration:  3.5 mm Al Filtration:  4.0 mm Al 
ESE: 53 mR ESE: 33 mR ESE: 11 mR 

Photofluorography 
kVp: 100 kVp: 80 to 100 kVp 
mAs:  60 mAs:  not specified 

Technique Factors Photofluorography was not 
used at INEEL Site. 

SID:  102 cm 
Filtration:  2.5 mm Al 

SID:  102 cm 
Filtration: 2.5 mm Al  

ESE: ESE: 1.53 R 
Applies from 1951–1957 Applies 1945 to 1962 

1	 Refer to Scalsky 2004, pages 41–47 for SRS x-ray technique discussion. 
2	 Refer to Scalsky 2003, page 18 for Hanford x-ray technique summary. 
3	 N/A = not applicable; PA = posterior-anterior; LAT = lateral; kVp = kilovolt potential; mAs = milliampere-second; 

SSD = source-to-skin distance; SID = source-to-image distance; ESE = entrance skin exposure 
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Table A2: External Exposure Default Assumption Comparison for INL, 

Savannah River Site, and Hanford 


Description of 
Assumption Idaho National Laboratory SRS Hanford 

Missed Photon Dose 
Application 

Applies to workers with no 
recorded dose because they 
weren’t monitored or their 
results are unavailable; and 
workers who have a zero 
recorded dose (Rohrig, 2004, 
pg. 32). 

Applies to workers with no 
recorded dose because they 
weren’t monitored or their 
results are unavailable; and 
workers who have a zero 
recorded dose (Scalsky 2004, 
pg. 111). 

Applies to workers with no 
recorded dose because they 
weren’t monitored or their 
results are unavailable; and 
workers who have a zero 
recorded dose, (Fix 2004, pg. 
75). 

Missed Photon Dose 
Methodology 

Divide the MRL by 2, and 
multiply by the number of 
zeros and not monitored 
periods (Rohrig 2004, pg. 32). 
Table 6B-1 (Rohrig 2004) 
provides potential maximum 
annual missed photon dose by 
period of use. 

(1) For a claimant-favorable 
maximum potential 
missed dose, use the limit 
of detection (LOD) 
multiplied by the number 
of zero doses (Scalsky 
2004, pp. 111 and 238) 

(2) Divide the limit of 
detection (LOD) 2, and 
multiply by the number of 
zeros and not monitored 
periods; (Scalsky 2004, 

Divide the MDL by 2, and 
multiply by the number of 
zeros and not monitored 
periods (Fix 2004, pg. 75). 
Table 6E.6 (Fix 2004), 
provides potential maximum 
photon dose by year. 

pg. 242), or 
(3) Missed doses are added to 

measured doses and 
treated as a constant. 

IREP Dose 
Distribution Type 
for missed photon 
dose 

The percentage bias for gamma 
measurements at INL is plotted 
in Figure 6-9 (Rohrig 2004, 
pg. 22). The results lie within 
+27% to -43%. The TBD 
estimates a realistic total 
uncertainty for photon 
dosimetry is about 35% at one 
sigma, which is consistent with 
the relative bias results. 
(pg. 34). 

(1) When using the Limit of 
Detection (LOD)/2 
methodology, a lognormal 
distribution with a 
geometric standard 
deviation of 1.52 in 
Parameter 2 of the IREP 
input is used (Scalsky 
2004, pg. 116). 

(2) When simply adding the 
missed and measured 
dose, a constant is used. 

Lognormal distribution with a 
geometric standard deviation 
of 1.52.1 The assessment at 
Hanford is based on the 
assumption that uncertainties 
from individual sources 
followed independent 
lognormal distributions. For 
each uncertainty source, a 
factor is assigned reflecting 
bias (B) and a 95% uncertainty 
factor (K); the uncertainty 
factor was determined so that 
the interval obtained by 
dividing and multiplying by 
this factor would include 95% 
of all observations (Fix 2004, 
pg. 27). 
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Table A2: External Exposure Default Assumption Comparison for INL, 

Savannah River Site, and Hanford 


Description of 
Assumption Idaho National Laboratory SRS Hanford 

Missed Neutron 
Dose Application 

Assign a missed neutron dose 
equivalent using Table 6B-2 
for the times when workers do 
not have reported neutron 
dose. For the period when 
NTA film was used, the dose 
should be multiplied by 1.25 
for all facilities except the 
MTR experimental floor or by 
2 for the MTR experimental 
floor when the MTR was 
operating between 1953 and 
1970. Then, the dose 
equivalent is apportioned into 
the IREP groups using Table 
6B-3. (Rohrig 2004, pg. 33). 

Assign a missed neutron dose 
if there is neutron monitoring 
between 1958 and 1962, if 
there is neutron monitoring in 
1971 or later, or there is 
indication of use of the 17 keV 
calibration curve for 
interpretation of beta/gamma 
film.  Also applies to those 
who worked with Cf or Cm, 
maintenance workers, those 
involved in the PuAl target 
campaign, and those on routine 
plutonium bioassay.  If the 
recorded neutron dose is 
greater than the calculated 
dose, the calculated dose is 
used (Neton 2003). 

Assign a missed neutron dose 
if the individual worked in a 
facility with a potential for 
neutron exposure.  
The vast majority of neutron 
dose to Hanford workers was 
received at the 200 West Area 
Plutonium Finishing Plant 
(PFP) facilities (pg. 74.) There 
is potential for significant 
missed dose in the 300 Area 
plutonium laboratory (308, 
309, 324),  the 100 Area 
reactor facilities (i.e., reactors, 
(B, D, F, H, DR, C, KW, KE), 
the 300 Area accelerator 
(3754B), the calibrations 
facilities (3745, 318) and the 
Fast Flux Test Reactor (pg.  3). 
(Fix 2004). 

Missed Neutron 
Dose Methodology 

Use MRLs for neutron 
dosimeters because the neutron 
dosimeters were calibrated 
with neutron sources that had 
energies similar to those 
encountered in the workplace 
and most of the neutrons to 
which workers were normally 
exposed had energies greater 
than the 500 to 80-keV 
threshold of the NTA film 
dosimeters.  

Divide the MRL by 2, and 
multiply by the number of 
periods (week or month or 
quarter) (Rohrig 2004, pg. 32). 
Table 6B-2 (Rohrig 2004) 
provides potential maximum 
annual missed neutron dose by 
period of use. Multiplying 
factors are also applied here. 

A neutron-to-photon ratio is 
applied to missed and recorded 
photon dose for  nonmonitored 
worker and workers with 
inadequate neutron monitoring 
(i.e., prior to 1971).  The upper 
95% value is used for the 
maximizing technique.  The 
geometric mean value is used 
for the best-fit technique 
(Scalsky 2004, pp. 240–241).  

After 1970, the assignment of 
missed dose is based on the 
limit of detection provided in 
Table E-10 (Scalsky 2004, 
pp. 241–242). 

It appears that an ICRP 60 
correction factor is applied to 
missed dose; however, this is 
unclear in the TBD (Scalsky 
2004, pg. 110). 

A neutron-to-photon ratio is 
applied to missed and recorded 
photon dose for nonmonitored 
worker and workers with 
inadequate neutron monitoring.  
The upper 95% value is used 
for the maximizing technique. 
The mean value is used for the 
best-fit technique (Fix 2004, 
pp. 75–77).   
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Table A2: External Exposure Default Assumption Comparison for INL, 

Savannah River Site, and Hanford 


Description of 
Assumption Idaho National Laboratory SRS Hanford 

IREP Dose 
Distribution Type 
for missed neutron 
dose 

No information on distribution 
with standard deviation is 
provided.  

Fractions of neutron dose 
equivalent were calculated. 
The conversion factors from 
dose equivalent to equivalent 
dose for INL spectra were also 
calculated. The ratios of 
average radiation weighting 

Lognormal distribution with a 
geometric standard deviation 
of 1.52.1 

Lognormal distribution with a 
geometric standard deviation 
of 1.52.1 

factor to average quality factor 
for the IREP energy groups 
showed variation. Default 
quality factor corrections were 
provided in Table 6-8 (Rohrig 
2004 , pg. 32). 

IREP Exposure Rate No information is provided. 

Acute for beta and photon 
Chronic for neutron 
(Scalsky 2004, pp. 87 and 235, 
respectively). 

Acute for beta and photon 
Chronic for neutron 
(Fix 2004, pp. 8, 59, and 69, 
respectively) 

IREP Radiation 
Type (default) 

Photon, 30–250 keV 
Electron, > 15 keV,  
Neutron, 0.1–2, 2–10 MeV 
(Rohrig 2004, pp. 23 and 48) 

Photon, 30–250 keV 
Electron, > 15 keV,  
Neutron, 0.1–2 MeV 
(Scalsky 2004, pp. 49, 236, 
and 237, respectively) 

Photon, 30–250 keV 
Electron, > 15 keV 
Neutron, 0.1–2 MeV 
(Fix 2004, pg. 29) 

Organ dose 
conversion factor 

For photons prior to 1981, the 
conversion factor from 
exposure to organ dose should 
be used. For photons 1981 and 
after, the conversion factor 
from deep dose equivalent to 
organ dose should be used. For 
neutron doses in each IREP 
energy group, the conversion 

For the maximizing approach, 
a value of one is used (TBD, 
pg. 61). 
For the best-fit analysis, the 
dose conversion factors in the 
external dosimetry guide for 
the relevant exposure 
geometry.  OCAS-IG-001 
Appendix A (NIOSH 2002) 
contains a detailed discussion 
of the conversion of measured 

The dose conversion factors 
for each, organ, radiation type, 
and energy ranged from 
OCAS-IG-001 are used.  If the 
exposure geometry cannot be 
determined, default values are 
found in Table 6E-9 (Fix 2004, 

factors from ambient dose 
equivalent to organ dose for 
AP irradiation from Appendix 
B of NIOSH 2002 should be 
multiplied. (Rohrig 2004, 
pg. 34). 

dose to organ dose equivalent, 
and Appendix B contains the 
appropriate dose conversion 
factors (DCFs) for each organ, 
radiation type, and energy 
range based on the type of 
monitoring performed. 
(Scalsky 2004, pg. 242) 

pg. 77). No separate value is 
provided for the maximizing 
approach. 
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Table A2: External Exposure Default Assumption Comparison for INL, 

Savannah River Site, and Hanford 


Description of 
Assumption Idaho National Laboratory SRS Hanford 

Exposure geometry 

No information is provided for 
exposure geometry such as 
those for Hanford and SRS. 

For neutron exposure, it is 
assumed that the worker 
irradiation is in an AP 
geometry. (Rohrig 2004, 
pg. 34). 

Default exposure: 
Likely non-compensable 
workers - 100% AP 
Compensable worker – 50% 
AP, 50% ROT 
Compensable supervisor – 
50% AP, 50% ISO. 
Dose reconstructor has the 
option to choose the most 
appropriate exposure geometry 
for the individual. 
(Scalsky 2004, pg. 242) 

Default exposure: 
Likely non-compensable 
workers - 100% AP 
Compensable worker – 50% 
AP, 50% ROT 
Compensable supervisor – 
50% AP, 50% ISO. 
(Fix 2004, pg. 77) 

Photon Adjustment 
Factors 
(Recorded Dose) 

No adjustment for photons is 
provided. 

Multiply by 1.119 for years 
prior to 1987.  Multiply by 
1.039 for 1987.  No adjustment 
is needed post-1987 (Scalsky 
2004, pg. 238). 

Note:  Taylor et al.(1995) 
indicates that the 1.119 
adjustment factor should be 

No adjustment for the multi-
element dosimeter, TLD, or 
gamma dose. 
For 200 Area plutonium 
workers prior to 1957, the 20% 
of the open window dose is 

applied through 1985 and the 
1.039 adjustment factor should 
be applied for 1986.  No 
correction is required for 1987 
and after. 

added to the penetrating dose 
(Fix 2004, pg. 73). 

IREP Dose 
Distribution Type 
for recorded photon 
dose 

No information is provided for 
IREP dose distribution type. 

Constant. The adjustment 
factor encompasses the 
uncertainty so no additional 
uncertainty factors are 
included. 1 

Constant.1 

Recorded Neutron 
Dose Adjustment 
Factor 
(Prior to 1971 – 
SRS; Prior to 1972 
Hanford) 

Table 6-8 lists the 
recommended default values 
for the dose equivalent 
fractions and quality factor 
corrections for adjusting 
recorded dose (Rohrig 2004, 
pg. 31). 

NTA film is considered 
inadequate for use in dose 
reconstruction due to the 
energy dependence.  The 
missed neutron dose approach 
is applied for this period of 
time.  If the measured dose 
from the NTA is greater than 
the calculated dose, this value 
is used and the ICRP 60 
conversion factor is applied 
(Scalsky 2004, pg. 238). 

NTA film is considered 
inadequate for use in dose 
reconstruction due to the 
energy dependence.  The 
missed neutron dose approach 
is applied for this period of 
time (Fix 2004, pg. 48). 
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Table A2: External Exposure Default Assumption Comparison for INL, 

Savannah River Site, and Hanford 


Description of 
Assumption Idaho National Laboratory SRS Hanford 

Recorded Neutron 
Dose Adjustment 
Factor (7/78–12/83) 

See above. 

In order to calculate the dose 
input for the IREP, Table E-1, 
the recorded neutron dose must 
be separated into neutron 
energy groups as shown in 
Table E-3 and subsequently 
converted to ICRP 60 (1990) 
methodology (Scalsky 2004, 
235–238). 

When using the four-chip 
HMPD during the period of its 
use from July 1978 through 
December 31, 1983 in Hanford 
200 and 300 Area plutonium 
facilities only, multiply the 
recorded neutron dose by 1.35. 
At all other times, divide the 
dose into the facility specific 
neutron energy bins, and 
multiply by the ICRP 60 
conversion factor (Fix 2004, 
pg. 74). 

Recorded Neutron 
Dose Adjustment 
Factor  (1/72–6/78, 
1/84 – present) 

See above. 

In order to calculate the dose 
input for the IREP, Table E-1, 
the recorded neutron dose must 
be separated into neutron 
energy groups as shown in 
Table E-3 and subsequently 
converted to ICRP 60 (1990) 
methodology (Scalsky 2004, 
235–238). 

Divide the recorded neutron 
dose into the facility specific 
neutron energy bins, and 
multiply by the ICRP 60 
conversion factor (Fix 2004, 
pg 74). 

IREP Dose 
Distribution Type 
for recorded neutron 
dose 

Various for different IREP 
energy groups. See Table 6-8 
(Rohrig 2004, pg. 32). 

Constant.  The adjustment 
factor encompasses the 
uncertainty so no additional 
uncertainty factors are 
included. 1 

Constant1 

Shallow Dose 
Adjustment Factors 

Shallow dose adjustment 
factors are not addressed in 
this TBD. 

Shallow dose adjustments 
factors are not addressed in the 
TBD or SRS TIBs. 

Shallow dose adjustments 
factors are not addressed in the 
TBD. 

Low-energy photons 
(< 30 keV) 

INL reported doses as 
penetrating and 
nonpenetrating. The 
penetrating dose corresponds 
to the deep dose equivalent and 
the nonpenetrating dose plus 

1954–1981 Subtract the 
reported deep dose from the 
shallow dose for plutonium 
workers. 
1982–present.  Plutonium 
workers are those individuals 
that worked in 321M, 221H – 
B line, 221F – B line, 772F, 

The stated Hanford practice to 
include 1/5 of the shallow dose 
based on a 16-keV calibration 
to the deep dose for Hanford 
plutonium facilities workers 
could resolve this source of 
potential under-response 
around 17 keV (Fix 2004, pg 

the penetrating dose 
corresponds to the shallow 
dose equivalent. 

235F, 773A, 736A, and other 
plutonium storage areas (Neton 
2004). 
(For testicular, breast, or skin 
cancer) 

26). 
For 200 Area workers prior to 
1957, the 20% of the open 
window dose is added to the 
penetrating dose, (pg. 14). 
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Table A2: External Exposure Default Assumption Comparison for INL, 

Savannah River Site, and Hanford 


Description of 
Assumption Idaho National Laboratory SRS Hanford 

IREP Dose 
Distribution Type 
for recorded shallow 
dose 

Not included in the TBD. 

Shallow dose is addressed 
from a technical perspective in 
the TBD, but no direction is 
provided to the dose 
reconstructor (Scalsky 2004, 
pg. 97). 

Not included in the TBD. 

IREP Radiation 
Type for recorded 
dose 

Specific to the particular 
facility for beta, photon, and 
neutron dose.  For example, in 
the reactor area 100% of the 
beta doses is assumed to be 
>15 keV, 75% of the photon 
dose is >250 keV, and 25% of 
the photon dose is 30–250 keV 
(Rohrig 2004, pg. 23). 

Specific to the particular 
facility for beta, photon, and 
neutron dose.  For example, in 
the reactor area 100% of the 
beta doses is assumed to be 
>15 keV, 50% of the photon 
dose is >250 keV, and 50% of 
the photon dose is 30–250 keV 
(Scalsky 2004, pg. 98).   

Specific to the particular 
facility for beta, photon, and 
neutron dose.  For example, in 
the reactor area 100% of the 
beta doses is assumed to be 
>15 keV, 75% of the photon 
dose is >250 keV, and 25% of 
the photon dose is 30–250 keV 
(Fix 2004, pg. 29). 

1 These parameters were obtained from review of several dose reconstruction IREP input sheets. 
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Table A3: Comparison of Default Assumptions for Internal Exposure at INL, 

Savannah River Site, and Hanford
 

Description of 
Assumption Idaho National Laboratory SRS Hanford 

Particles Size 
(default) 

5 micron AMAD (default) for 
RWMC (TBD, pg. 34). 2.4 
micron AMAD (default) for 
SMC (TBD, pg. 29). No 
default values are provided for 
other INEEL facilities. 

5 micron (Scalsky 2004, 
Section 4.0, Attachment D) 

5 micron 
(Bihl 2004, pg. D-10) 

Intake Type (default) Chronic (TBD, Table 5.7-1). Chronic (Scalsky 2004, Section 
4.0, Attachment D) 

Chronic 
(Bihl 2004, pp. 7–9) 

Default Excretion 
Volume 

Not included in the TBD. 

1.4 liters/day 
(Volumes less than 1.4 
liters/day are corrected by 
normalizing the actual volume 
to 1.4 liters/day.  Samples 
recorded as activity per 1.5 
liters are not corrected.) 
(Scalsky 2004, pg. 70) 

Uses a urinary excretions value 
of 0.2 ug/d for elemental 
analyses, 0.15 dpm/d for 234U 
and 238U and essentially 
anything detected for 235U 
(Bihl 2004, pg.  27) 

Solubility Class 

The default assumption of M or 
S would be appropriate, based 
on the most claimant-favorable 
result to the organ in question 
(TBD, pg. 10). 

For the maximizing approach, 
the most claimant-favorable 
solubility type for the organ of 
interest is used.  For the best-fit 
approach the most appropriate 
solubility type can be used 
(Scalsky 2004, pg. 85). 

For the maximizing approach, 
the most claimant-favorable 
solubility type for the organ of 
interest is used.  For the best-fit 
approach the most appropriate 
solubility type can be used. 
Inhalation class and lung 
absorption type for uranium is 
found in Bihl 2004, 
Table 5.2.5-3, pg. 24). 

Intake Date for 
Hypothetical Intake 
(excluding tritium) 

Not included in the TBD. 

Acute inhalation on January 1 
in the first year of employment 
(Scalsky 2004, pg. 85; Bracket 
2003, pg. 3). 

First day of employment or the 
first day of operation of the 
facility where the worker was 
assigned. For separation plants, 
chronic intakes would apply 
from either the first day of 
work for the worker or the 
start-up of the plant, December 
1944 for T Plant and April 
1945 for B Plant (Bihl 2004, 
pg. 8). 

Tritium Missed Dose 
Application 

Not included in the TBD. 

Assigned to workers monitored 
for external dose, but having 
no bioassay.  For workers not 
in the dosimetry or bioassay-
monitoring program, the 
missed internal dose is based 
on environmental intake only. 
Scalsky 2004, pg. 84; Duncan 
2003, pp. 6 and 12) 

Assigned to workers who 
worked in 108-B, the 300 Area 
Test Reactors, and in some 
cases where work location was 
unknown or variable.  Those 
who never wore a dosimeter 
and had no bioassay results 
were assigned environmental 
doses (Bihl 2004, pp. 21–22). 
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Table A3: Comparison of Default Assumptions for Internal Exposure at INL, 

Savannah River Site, and Hanford
 

Description of 
Assumption Idaho National Laboratory SRS Hanford 

Basis for Tritium 
Missed Dose Not included in the TBD. 

Dose calculated based on the 
tritium reporting level for a 
particular time period (Scalsky 
2004, pg. 67; Duncan 2003, 

Tritium urinalysis was not 
perfected until 1961. Liquid 
scintillation counting for 
tritium likely was started in 
1958 (Bihl 2004, pp. 21–22). 
From 1949 to 1960 the MDA 
was 5 uCi/L and from 1961 to 
1981 the MDA was 1 uCi/L. 
Later in 1982 the MDA 
changed to 10 dpm/ml and in 
1991 to 20 dpm/ml, (Bihl 2004, 

pg. 6). pg. 22).  Tritium intakes were 
accounted for as part of 
external dose until about 1986– 
1987 (TBD does not explain 
methodology), when they were 
entered in the dose database as 
internal dose (Bihl 2004, pp. 12 
and 22). 

Hypothetical Intake 
Application Not included in the TBD. 

Applied to claims with non-
metabolic and digestive tract 
cancers (Scalsky 2004, pg. 85; 
Bracket 2003, pg. 2). 

Applied to individuals who 
wore a dosimeter but did not 
have any bioassay (Bihl 2004, 
pg. 48). 

Basis for missed 
internal dose from 
radionuclides other 
than tritium 

(1) If claimant file include 
positive external 
dosimeter readings, they 
should be treated as 
radiation workers and the 
default internal missed 
dose is applied as outlined 
in the table. If no 
detectable external or 
internal dose information 
in recorded, only the 
environmental dose 
should be included (TBD, 
pg. 37). 

(2) The probability that a 
worker received a 
significant unmonitored 
internal intake of 
radioactive material is 
very low. It is 
recommended that 
workers who have no 
recorded internal dose and 
wore a personnel 
dosimeter be treated the 
same as a worker who 
was monitored but had no 
bioassay results exceeding 

(1) Individuals with no 
external or internal 
monitoring data were 
assigned an 
environmental internal 
dose (Scalsky 2004, 
pg. 84; Bracket 2003, 
pg. 2). 

(2) For those individuals with 
external monitoring but 
no or limited internal 
monitoring, an annual 
missed tritium dose and 
environmental dose from 
uranium, plutonium, and
131I are assigned as 
internal dose.  It is also 
reasonable to pick a 
fission or activation 
product that produces the 
largest dose to the organ 
of interest (Scalsky 2004, 
pg. 84; Bracket 2003, 
pg. 8). 

(3) Highest five intakes for 
various nuclides are 
applied to those 
individuals with non

(1) Individuals with no 
external or internal 
monitoring data were 
assigned an environmental 
internal dose, (Bihl 2004, 
pg. 48) 

(2) For those individuals with 
external monitoring but no 
or limited internal 
monitoring, the approach 
was year dependent.  For 
1947 through 1952, daily 
intakes at 10% of the 
respiratory protection 
required value for 40 
hours/week were assumed. 
Iodine was assumed to be 
at 0.1 times the vapor 
index.  For 1953 through 
1988, daily intakes were 
based on an exposure to 
airborne concentrations at 
10% of the limiting air 
concentration for four 
hours per week, (Bihl 
2004, pg. 49). 

(3) From 1989 through the 
present, a daily exposure 
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Table A3: Comparison of Default Assumptions for Internal Exposure at INL, 

Savannah River Site, and Hanford
 

Description of 
Assumption Idaho National Laboratory SRS Hanford 

reporting levels. It is metabolic or digestive at 5% of the limiting air 
further recommended that system cancers (Bracket concentration for 4 hours 
individuals that were not 2003, pg. 2). per week was assumed, 
issued a personal (Bihl 2004, pg. 50). 
dosimeter and have no (4) For monitored workers 
record of internal dose with no confirmed intake, 
monitoring be assigned a maximum intake is 
only the environmental determined by using the 
dose for the facility MDA of the last sample as 
(TBD, pg. 39). an upper bound (Bihl 

(3) Construction workers that 2004, pg. 47). 
were issued personnel 
dosimeters should be 
treated the same as 
facility employees that 
were issued personnel 
dosimeters. Construction 
workers that were not 
issued a personnel 
dosimeter should be 
assigned the 
environmental dose for 
the facility (TBD, pg. 40). 

Variable by facility and organ 
of interest.  Alpha intakes are 
assigned for the Plutonium 
Finishing Plant (PFP), the 200 
Area Fuel Separations Plants, 
U-Plant, C-Plant, the 300 Area 
Fuel Fabrication Facilities, 
209E, 120, 324, 325, 327, the 
Tank Farms and evaporator 
facilities (0.5 times the alpha 
intake), and where work 

Radionuclides 
included in the 
Hypothetical Intake 

241Am/241Pu (M), 244Cm (M), 
60Co (S), 137Cs (F), 237Np (M), 
238Pu (M), 239Pu (M), 90Sr (F), 
234U (F), and 238U (F) 
(Bracket 2003, pg. 9) 

location is unknown or highly 
variable.  Alpha intakes are 
based primarily on 234U or 
239Pu.  Beta/gamma intakes are 
assigned for all facilities except 
PFP, 209E, 120, the 300 Area 

Not included in the TBD. Fuel Fabrication Facilities, 
108-B, and U-Plant.  Tritium 
intakes are assigned for the 
108-B Building, the 300 Area 
Test Reactors, and in some 
situations where work locations 
are unknown or variable. 
The particular beta/gamma 
radionuclide and its solubility 
class are determined based on 
the organ of concern.  For 
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Table A3: Comparison of Default Assumptions for Internal Exposure at INL, 

Savannah River Site, and Hanford
 

Description of 
Assumption Idaho National Laboratory SRS Hanford 

some facilities and periods of 
time it is specified (Bihl 2004, 
pp. 51–52). 

Default Activity 
Ratios Pu Mixture Not specified in the TBD. Ten-year old 12% plutonium 

mix (Scalsky 2004, pg. 66). Not specified in the TBD. 

Activity Fractions for 
other Mixtures 

Activity fractions are provided 
for ATR fuel gaseous releases 
in Table 5.6.6.1-1 (TBD, 
pg. 36). 

Activity fractions are provided 
flor SMC DU uranium isotopes 
in Table 5.6.1-1 (TBD, pg. 28). 

Activity fractions are facility 
dependent.  The activity 
fractions are taken from the 
Internal Dosimetry Technical 
Basis Manual (WSRC 1990).  
The information for these 
ratios was obtained from safety 
analysis reports, personal 
interviews, open literature, etc. 

Activity fractions are provided 
for uranium mixtures, Table 
5.2.5-3, page 24, weapons and 
fuel grade plutonium, Table 
5.2.1-3 page 16, and recycled 
uranium impurities., 
Table5.2.5-2, page 24.  Default 
mixtures based fission product 
urinalysis was developed by 
time period and organ of 
concern (Bihl 2004, pg. 10, 
Attachment D). 

Radionuclides of 
Concern for 
Monitored Workers 

Radionuclides of concern are 
identified for each of the eight 
INEEL facilities (TBD, Tables 
5.6.1-1 to 5.6.6.1-2, pp. 28– 
37). 

Radionuclides of concern were 
based on the in vivo and in 
vitro bioassay data of the 
individual (Scalsky 2004, 
pp. 66 and 67).  Although the 
TBD provides activity fractions 
in Attachment A, it is not clear 
how these activity fractions are 
used in dose calculations. 

Radionuclides of concern were 
based on the in vivo and in 
vitro bioassay data of the 
individual, or the minimum 
detectable activity for a 
particular radionuclide. 
Radionuclide assumptions 
varied by facility and organ of 
interest (Bihl 2004, pg. 13). 

Tritium Dose for 
Monitored Workers 

Based on the reporting level if 
the tritium bioassay is less than 
this level, or the actual 
bioassay result if it is greater 
than the reporting level. 
Organically Bound Tritium and 

Tritium urinalysis was not 
perfected until 1961. Liquid 
scintillation counting for 
tritium likely was started in 
1958 (pp. 21–22).  From 1949 
to 1960 the MDA was 5 uCi/L 
and from 1961 to 1981 the 
MDA as 1 uCi/L.  Later in 
1982 the MDA changed to 10 
dpm/ml and in 1991 to 20 
dpm/ml (pg. 22).  Tritium 

Tritium is not identified as a 
key radionuclide of concern at 
INEEL facilities. 

Stable Metal Tritides are not 
considered (Bracket 2003, 
pg. 6). 

intakes were accounted for as 
part of external dose until 
about 1986–1987 (TBD doses 
not explain methodology), 
when they were entered in the 
dose database as internal dose 
(pp. 12 and 22). (Bihl 2004, pp. 
12 and 22) 
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Table A3: Comparison of Default Assumptions for Internal Exposure at INL, 

Savannah River Site, and Hanford
 

Description of 
Assumption Idaho National Laboratory SRS Hanford 

Internal Dose for 
radionuclides other 
than tritium 

See Table 5.7-1: defaults table 
for missed dose. This table 
provides the default 
assumptions for calculating 
missed dose of personnel 
working at a specific INEEL 
facility and during a specified 
time period (TBD, pp. 38–39). 

Based on either actual bioassay 
values or detection levels for 
bioassay techniques.  For non-
metabolic cancers, the 
maximizing approach is used 
(Scalsky 2003, pg. 85). 

Based on either actual bioassay 
values for positive values. 
Based on a chronic intake over 
the entire exposure period with 
the last sample assumed to be 
at the MDA (Bihl 2004, 
pg. 47). 

Basis for pre-
bioassay program 
doses 

Not included in the TBD. Not included in the TBD. Air concentration tolerance or 
limits, (Bihl 2004, pg, 7) 

Ingestion Not included in the TBD. Not included in the TBD. 

Assigned during periods were 
air sampling was used to 
determine internal dose.  The 
quantity is based on the air 
concentration level or on the 
guidance provided in 
Estimation of Ingestion Intakes 
(NIOSH 2004). 
(Bihl 2004, pg. 8) 

Surrogate 
Radionuclide in 
IMBA for 65Zn/95Zr 

Not included in the TBD. 
137Cs used as a surrogate.  
Surrogate Adjustment factor = 
2.43.  (Brackett 2003, pg. 9) 

Not included in the TBD. 

Surrogate 
Radionuclide in 
IMBA for 
106Ru/144Ce/95Nb 

Not included in the TBD. 

Radionuclides not available in 
IMBA.  90Sr used as a 
surrogate. Surrogate 
Adjustment factor = 7.25 
(Brackett 2003, pg. 9). 

Not included in the TBD. 

Surrogate 
Radionuclide in 
IMBA for 
242Cm/252Cf 

Not included in the TBD. 

Radionuclides not available in 
IMBA. 244Cm used as a 
surrogate. Surrogate 
Adjustment factor = 1.09 
(Brackett 2003, pg. 9). 

Not included in the TBD. 

IREP Radiation 
Types for 
Hypothetical Intake 

Not included in the TBD. 

Alpha 
Beta: >15 keV 
Tritium:  < 15 keV 
(Bracket 2003, pp. 8 and 12) 

Alpha1 

Beta: >15 keV1 

Photon:  > 250 keV1 

Tritium:  < 15 keV1 

IREP Dose 
Distribution Type Not included in the TBD. Constant (Brackett 2003, 

pg. 12) Constant1 

Internal Dose 
Uncertainty Not included in the TBD. 

For the missed dose 
assignments, the value entered 
includes the uncertainty. 1 No 
direction is provided to the 
dose reconstructor for dose 
assignments based on 
monitoring data. 

For the missed dose 
assignments, the value entered 
includes the uncertainty.  For 
dose assignments based on 
monitoring data, the following 
values can be applied as a 
standard deviation: 
(1) 0.3 times the MDA or 

reporting level, or 
(2) 0.5 times the MDA for 

chest counting. 
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Table A3: Comparison of Default Assumptions for Internal Exposure at INL, 

Savannah River Site, and Hanford
 

Description of 
Assumption Idaho National Laboratory SRS Hanford 

Actually report errors can be 
used if available (Bihl 2004, 
pg. 46).  For air concentration 
data, a triangular distribution 
with zero as the minimum, the 
derived values as the mode, 
and twice the mode as the 
maximum is used (Bihl 2004, 
pg. 7). 

Other Comments 

Personnel employed in the 
Naval Program are not 
included in this TBD (TBD, 
pg. 7). However, through the 
years, NRF has participated in 
limited coordination of 
radiological protection 
programs and site support 
services. Some workers’ 
internal dose could have 
resulted from their support 
work at the NRF (TBD, pg. 9). 

None. 

Informs the dose reconstructor 
of limited use radionuclides 
such as 14C, 232Th, radon, 90Y, 
227Th, 227Ac, and 32P (Bihl 
2004, pg. 32) 

1 These parameters were obtained from review of several Hanford dose reconstruction IREP input sheets. 
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Table A4: Comparison of Default Assumptions for Environmental Exposure at INL, 

Savannah River Site, and Hanford 


Description of 
Assumption Idaho National Laboratory SRS Hanford 

Application 

Environmental doses for 
personnel working at various 
INL facilities are calculated 
using facility-specific intake 
values and fence-line TLD 
direct gamma dose values 
(Tables 4-1 to 4-13, TBD). 

Apply the annual internal and 
external environmental dose 
for each full or partial year of 
employment for the 
maximizing approach.  Dose 
reconstructors are instructed to 
use only the maximum annual 
intakes in Table C-17 for the 
maximizing approach (Scalsky 
2004, pg. 179). For the best-fit 
approach, modifications can be 
made for partial year of 

Environmental doses are 
assigned to personnel with no 
bioassay and no evidence of 
having worn a dosimeter at the 
Hanford Site 
(Bihl 2004, pg. 48). 

employment. No 
environmental dose is assigned 
if the background is not 
subtracted from the workers 
badge (Scalsky 2004, pg. 62). 

Sources of 
Environmental 
Releases Considered 

The TBD focuses mainly on 
airborne gaseous effluent 
releases and direct beta/gamma 
radiation from INL facilities. 
All releases considered in the 
Idaho National Engineering 
Laboratory Historical Dose 
Evaluation (DOE 1991a) are 
the basis for the releases 
considered in the TBD (TBD, 
pg. 8). Eight facility areas have 
been chosen for TBD analysis:  
TAN, ICPP, TRA, RWMC, 
CFA, SPERT, ARA, and 
ANL-W (TBD, pg. 10). 

The TBD heavily references 
the Cummins (1991) and CDC 
(2001) documents, and dose 
not include many of the base 
assumptions from those 
reports in the TBD.  It is 
apparent that releases from the 
reactors and separations areas 
were considered. 

T-plant particles and iodine, 
B-Plant particles and iodine, 
REDOX particles and iodine, 
PUREX particles and iodine, 
Z-Plant particles, reactor noble 
gases, and tritium from 108B 
Building 
(Savignac 2003, pg. 18). 

Source Term Basis 

Idaho National Engineering 
Laboratory Historical Dose 
Evaluation Report (DOE 
1991[a]). Identification and 
Priorization of Radionuclide 
Releases from the Idaho 
National Engineering and 
Environmental Laboratory 
(RAC 2002).  Version 6 of the 
RSAC code (Wenzel and 
Schrader 2001) is used 
extensively in the current 
report to provide onsite 
concentrations due to episodic 
releases as well as other 
evaluations (TBD, pg. 8). 

Radioactive Releases from the 
Savannah River Plant 1954– 
1989 (Cummins 1991), 
Savannah River Site Dose 
Reconstruction Project Phase 
II:  Source Term Calculation 
and Ingestion Pathway Data 
Retrieval, Evaluation of 
Materials Released from the 
Savannah River Site (CDC 
2001), SRS meteorology data, 
SRS environmental reports for 
1993–2001. 

Hanford Works environmental 
reports; Methods for 
Estimating Radiation Doses 
from Short-Lived Gaseous 
Radionuclides and Radioactive 
Particles Released to the 
Atmosphere During Early 
Operations at Hanford (Till et 
al. 2002).  
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Table A4: Comparison of Default Assumptions for Environmental Exposure at INL, 

Savannah River Site, and Hanford 


Description of 
Assumption Idaho National Laboratory SRS Hanford 

Methodology 

For routine operations, 
atmospheric dispersion of 
releases was modeled using 
annual average meteorological 
conditions. Dispersion of 
episodic releases was generally 
modeled using actual hourly 
wind speed and direction data 
at the time of release (BOE 
1991). Progressive Gaussian 

Gaussian model (Scalsky 
2004, Section 3.1.1) 

Puff advection (RATCHET) 
model (Savignac 2003, pg. 14) 

Type of Releases 

The TBD included two types 
of releases: (1) normal 
operational releases, and (2) 
episodic releases that generally 
are of short duration (e.g. 
criticality) (TBD, pg. 6). The 
TBD claims that these releases 
potentially represent 
unrecorded or missed does, 
either as direct gamma or beta-
gamma from immersion in the 
radioactive gaseous cloud, for 
those individuals who do not 
have personal dosimetry to 
record the dose, or as internal 
doses from inhalation. 

The TBD heavily references 
the Cummins (1991) and CDC 
(2001) documents, and dose 
not include many of the base 
assumptions from those 
reports in the TBD. 

Calculations included routine 
and identified non-routine 
releases. Estimates include 
inhalation of radionuclides in 
air, direct external radiation 
from plumes, and physical 
contact with particulate 
radionuclides on skin. 

Ventilation Rate 
(m3/year) Not included in the TBD. 

2,400 (default); Adjustments 
can be made for light and 
heavy work (Scalsky 2004, 
pg. 162). 

2,400 (default); Based on 
1.2 m3/hour ± 0.4 m3/hour 
(Savignac 2003, pg. 16) 

Exposure Time 
(hours/week) Not included in the TBD. 

40 with a 1.25 conversion 
factor to increase the exposure 
time to 50 hours/week 
(Scalsky 2004, pg. 61). 

40 (Savignac 2003 pg. 24) 

Mobile Workforce Information not included in the 
TBD. 

Assign the maximum dose 
listed for any area onsite. 

Information not included in the 
TBD. 

Facility Specific 
Workforce 

Intake values are listed for 
eight specific facilities 
including TAN, ICPP, TRA, 
RWMC, CFA, SPERT, ARA, 
and ANL-W (TBD, pg. 10). 

Assign the maximum dose 
listed for any area onsite for 
the maximizing approach.  
Assign an area specific 
environmental dose based on 
the work location of the 
worker for the best-fit 
approach (Scalsky 2004, 
pg. 61). 

Information not included in the 
TBD. 

Radionuclides 
Considered for 
External Dose 

No specific radionuclides 
considered in the TBD. Direct 
gamma values were taken 
from fence-line TLD reading 
(TBD Table 4-13). 

41Ar, (Scalsky 2004, pg. 60) 
41Ar,131I, 106Ru (Savignac 
2003, pp. 19 and 23) 
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Table A4: Comparison of Default Assumptions for Environmental Exposure at INL, 

Savannah River Site, and Hanford 


Description of 
Assumption Idaho National Laboratory SRS Hanford 

Radionuclides 
Considered for 
Submersion Dose 

Noble gas and halogen (TBD, 
pg. 24). 

41Ar, (Scalsky 2004, pg. 59) 
41Ar, page 17, 131I, 3H 
Kathy – can’t find evidence 
that these last two belong here. 

Submersion DCF 

Not considered. TBD states 
that air immersion doses 
would be recorded in the 
fence-line TLD doses 
presented in Table 4-13. 

Assumed values from the 
Federal Guidance Report 12 
(EPA 1993). 
(Scalsky 2004, pg. 60) 

Federal Guidance Report No. 
13, Cancer Risk Coefficients 
for Environmental Exposure to 
Radionuclides, 1999. 

Radionuclides 
Considered for 
Internal Dose. 

Facility Annual Intake (Bq/yr) 
due to normal operations 
provided for Ce-144, I-131, 
Pm-147, Pu-238, Pu-239/240, 
Ru-106, Sr-89, Sr-90, and 
Y-91 (TBD Tables 4-1 to 4-8). 
Specific Incident Intake 
(Bq/event) due to criticality 
provided for Rb-89, Sr-91, Sr
92, Y-92, Y-93, Te-133, I-131, 
I-133, I-134, I-135, Cs-138m 
Ba-139, La-141, La-142, and 
U-234 (TBD Table 4-10). 
Individual Test Intake 
(Bq/event) due to Special 
Tests provided for Sr-89, Sr
90, Y-91, Zr-95, Ru-103, Ru
106, I-131, Ce-144, and 
Pr-143 (TBD Table 4-11). 
Individual Test Intake 
(Bq/event) due to Initial 
Engine Tests provided for 
Rb-89,Sr-89, I-131, I-133, 
I-135, Cs-138, and U-234 
(TBD Table 4-12). 

3H,131I, 238Pu,  239Pu, 240Pu, 
234U, 235U, and 238U 
(Scalsky 2004, pg. 51) 

3H,131I-131mXe, 144Ce-144Pr, 
137Cs-137Ba, 239Pu, 103Ru
103mRh,  106Ru-106Rh, 90Sr-90Y,
95Zr-95Nb 
(Savignac 2003, pg. 8) 

Soil Not included in the TBD. 

Density = 1,600 kg/m3 
Surface Factor = 0.08 
Resuspension Factor =1E-9/m 
(Scalsky 2004, pg. 59) 

Not included in the TBD. 

Liquid Effluents Not included in the TBD. Not included in the TBD. Not included in the TBD 

Organ Dose 
Conversion Factor Not included in the TBD. 

1.0 is used in the maximizing 
approach.  The organ dose 
conversion factors in the 
external dosimetry guide for 
the relevant exposure 
geometry are used in the best-
fit analysis  
(Scalsky 2004, pg. 61). 

Not included in the TBD. 

IREP Rate Not included in the TBD. Chronic (Scalsky 2004, pg. 61) Chronic1 
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Table A4: Comparison of Default Assumptions for Environmental Exposure at INL, 

Savannah River Site, and Hanford 


Description of 
Assumption Idaho National Laboratory SRS Hanford 

IREP Radiation 
Type Not included in the TBD. 

Photon, 30–250 keV 
41Ar , 100% photon, > 250 
keV (Scalsky 2004, pp. 60 and 
61) 

Photon, 30–250 keV1 

IREP Dose 
Distribution Type |Not included in the TBD. 

Constant.  Doses and intake 
quantities provided with a 50th 

percentile and a geometric 
standard deviation. A 95th 

percentile for the source term 
is estimated as 25% greater 
than the 50th percentile 
(Scalsky 2004, pg. 60). 

Constant.  Doses and intake 
quantities provided with a 
geometric mean and standard 
deviation.  There is no 
direction on how these values 
should be entered into IREP. 

Special 
Considerations for 
Uranium and 
Plutonium 

No special considerations for 
uranium and plutonium in the 
TBD. 

The isotope yielding the 
maximum organ dose was 
assumed at 100% rather than 
applying a mixture (Scalsky 
2004, pg. 59). 

Not applicable. 

Other 

Dose reconstruction for 
individual whose location is 
unknown should use intakes 
provided by Table 4-3 (CFA) 
and exposures for ICPP as 
provided in Table 4-13. The 
values suggested will 
maximize the resultant 
individual dose. 

1955 values are assigned to 
1952, 1953, and 1954 (Scalsky 
2004, pg 54) 

The four chemical separations 
plants, T Plant, B Plant, 
REDOX Plant and the PUREX 
plant, along with the 
plutonium handling Z-plant are 
shown in Figure 4.1.1 to be the 
most important release points 
at Hanford (Savignac 2003). 

1 These parameters were obtained from review of several Hanford dose reconstruction IREP input sheets 
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