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A Message from our President 
 
The elections for the 2012-2013 Section’s officer vacancies 
were recently completed. Doug Chambers is our new 
President-Elect replacing Jeff Whicker, who will graduate to 
President in July. Phillip Jenkins is our new Board Member - 
replacing Mike Boyd who will roll off of the Board in July. 
Congratulations to Phil and Doug, we look forward to your 
leadership. Also, thanks go out to Mike Boyd for his support 
and council the past few years. 
 
We have been active in sponsoring Special Sessions at the 
HPS 2011 Mid-Year and the 2010, 2011, and 2012 Annual 
Meetings and we hope to continue sponsoring Special 
Sessions at future meetings. Please support these efforts by 
submitting ideas and proactively recruiting papers/presenters 
for future Special Sessions. Please contact one of our Board 
members with your suggestions. 
 
Planning for our 2012 Special Session on “Tritium in the 
Environment” is now complete.  The session will be held on 
Tuesday morning (July 24, 2012) from 8:15 to 11:30. The 
abstracts and speakers are provided at the end of this 
newsletter. 
 
I hope to see you in Sacramento. 
 
             -  Tim Jannik 
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CALENDAR 

 
 
 
July 22-26, 2012 
Annual Meeting of HPS 
Section Meeting 
Sacramento, CA 
 
 

 

 

 

 

 

 

UPCOMING EVENTS 
 
 
HPS Annual Meeting in Sacramento, CA (6/26-30/2012) 
The Health Physics Society invites members of the Society, 
other scientists and students to participate in the 57th Annual 
Meeting of the Health Physics Society to be held in 
Sacramento, CA July 22-26, 2012. Registration is now open 
 
The Environmental/Radon Section sponsored Special 
Session at the 2012 Annual Health Physics Meeting will be 
“Tritium in the Environment.”  The abstracts for these 
presentations are provided at the end of this Newsletter. 
 
Also, at the Annual Health Physics Society Meeting there 
will be an Environmental/Radon Section Meeting. The 
meeting will take place at about 11:30 (immediately after 
the special session) in room 308. 



 

 

 

SECRETARY-TREASURER’S REPORT   
 
State of the Treasury 

As of the May 30, 2012, the Environmental/Radon Section account balance was: $38,699.35.   
 
ENVIRONMENTAL - RADON SECTION  (Dept 421 & 
285-000)  

 HEALTH PHYSICS SOCIETY 
 STATEMENT OF INCOME & EXPENSE AND ACCOUNT BALANCE  

FROM 9/1/2011 THROUGH 4/30/12 
 

   

   BEGINNING BALANCE 8-31-11  $  37,295.35  

   INCOME RECEIVED  
 

 
Dues from HPS Members         1,560.00  

 
Contributions                -    

TOTAL INCOME COLLECTED   $   1,560.00  

   EXPENSES PAID  
 

 
Collection & Management Fees            156.00  

TOTAL EXPENSES PAID   $        156.00  

   NET INCREASE FOR FISCAL YEAR          1,404.00  

   
ENDING BALANCE  $  38,699.35  

 
 

 
- Pat Scofield 

 

MEMBERSHIP NEWS 
 
Membership Dues 

For those members who have not renewed your Environmental/Radon Section 
memberships through 2012 please do so online on the HPS website.  Dues are still just 
$5.00 per year.  This money has been used for inviting top scientists (national and 
international) to speak at the HPS meetings and for supporting students in our field.  
Additionally, your membership dues are helping to support students in our profession 
through scholarships.  These are worthy endeavors.  Thank you for your support of the 
section and all of our activities. 

 
- Jeff Whicker 

 
 
 



 

 

LETTER TO THE SECTION:  
 
American Association of Radon Scientists and Technologists (AARST)  
 
Dear fellow section members, 
 
As you may know EPA no longer oversees radon certification. It was privatized some years 
ago.  Some states have a specific program, others defer to NEHA National Radon 
Proficiency Program  or National Radon Safety Board (NRSB) and still others have no 
oversight. With state programs there is policing; with the 2 national groups there is minimal 
communication/over site and no regulatory tie in. NRSB requires the adherence to the 
original EPA protocols. 
 
In addition, American Association of Radon Scientists and Technologists (AARST) recently 
purchased NEHA-NRPP. They have written their own new protocols/standards, some in 
conjunction with ASTM. They plan to begin utilizing them soon. I am an AARST member and 
represent the president of a local chapter. I am also an approved radon instructor. Since you 
show an interest in environmental sources of radiation I am asking you to consider joining 
AARST (http://www.aarst.org/) and perhaps even a local chapter. Lastly, if you join please 
consider serving on the board; I am one of the members tasked with nominations.   
 
Thank you for your attention to this matter. 
Celia Rajkovich, RRPT  
celiar@comcast.net 
 

 

ENVIRONMENTAL/RADON SECTION ANNOUNCEMENT OF  
SPONSORED SCHOLARSHIP 
 
The Environmental/Radon section is dedicated to promoting students within our discipline. 
To this end, the Environmental/Radon section is proud to announce the F. Ward Whicker 
Scholarship.  This scholarship will provide $2,000 per year ($1,000 for the first semester and 
$1,000 for the second semester-dependent on successful completion of the first semester).  
Eligible candidates must 1) be students accepted into a graduate program in the United 
States though exceptions to this requirement will be considered in some circumstances, and  
2) candidates must have projects and academic coursework focusing any of the following: 
radon (e.g., measurement, health impacts, epidemiology, etc.), environmental health 
physics, measurements of environmental radioactivity (including radiochemistry), or 
radioecology.  One scholarship is awarded annually and the award is rotated to a different 
student each year. 
 
Applications for this year can be submitted to the HPS Academic Educations Committee at 
the address below and are due by August 1, 2012.  Email submissions with electronic files 
are preferred.  Award will be announced by August 31, 2012. 
 
The application will consist of the following: 
 
1)  Cover letter with statement describing academic interest related to pursing study in topics 
related to radon (e.g., measurement, health impacts, epidemiology, etc.), environmental 
health physics, measurements of environmental radioactivity (including radiochemistry), or 
radioecology. 
2)  Current official transcript 

http://www.aarst.org/
mailto:celiar@comcast.net


 

 

3)  Resume 
4)  Two brief letters of support not to exceed a couple of paragraphs. Letters should be from 
academic advisor, program director or equivalent. 
 
Please email all applications materials to Bobby McDaniel at bobby_a_mcdaniel@rl.gov.  
Questions can be directed to Pat Scofield at scofieldpa@ornl.gov. 
 
Through this scholarship, the Environmental/Radon Section is formally recognizing the 
lifelong (and continuing) achievements of Dr. F. Ward Whicker in the field of Radioecology.  
 
Dr. F. Ward Whicker, a native of Utah, received a B.S. degree in Chemistry and a Ph.D 
degree in Radiation Biology from Colorado State University.  He did his post-doctoral 
research training at the University of Hannover, West Germany, on the Use of 
Radioisotopes and Radiation in Forestry.  Currently Ward is a Professor Emeritus in the 
Department of Environmental & Radiological Health Sciences at Colorado State University, 
where he has been a member of the faculty since 1965.  Ward has made tremendous 
contributions to the field of Radioecology both in the United States and Internationally 
through his research and teaching of graduate level courses in the areas of Radioecology 
and Environmental Contaminant Modeling.  Ward has held numerous positions on National 
and International scientific committees and working groups including the National Council on 
Radiation Protection and Measurements, International Commission on Radiation Units and 
Measurements, National Research Council, U.S. Department of Energy, U.S. Environmental 
Protection Agency, National Cancer Institute, NIH, and the International Atomic Energy 
Agency.  Ward has received numerous awards for his broad contributions to understanding 
the distribution of radio-nuclides in the environment, for his role in education and training 
radio-ecologists, and for his development of the Pathway model to predict ingestion of radio-
nuclides.  A few examples of such awards include the E. O. Lawrence Award from the U.S. 
Department of Energy in 1990 and in 2005 he was the first recipient of the V.I. Vernadsky 
Award for Outstanding Contributions to the Development and Dissemination of 
Radioecology given by the International Union of Radioecology.  



 

 

 
 

Ward Whicker in the Tetons  



 

 

 

 

 

 

POSITION PAPER – Depleted Uranium 
 
The Environmental/Radon section has drafted a Position Paper on Depleted Uranium (see 
below).  It was determined by the Executive Committee that this was timely topic and one 
that the Environmental/Radon Section could make a contribution. The Health Physics 
Society developed a fact sheet on Depleted Uranium February 2010.  The draft Position 
Paper incorporates information identified in Fact Sheet but also includes current information 
regarding the disposal of DU, potential new uses, and provides recommendations for the 
Public and Military personnel.  Please review the draft Position Paper and we would like 
comments and suggested revisions to this draft by July 20th. Please send comments to Mark 
Miller mmiller@sandia.gov  or Pat Scofield at scofieldpa@ornl.gov. 
 
  

 (Draft June 2012) 

Update on Perspectives and Recommendations on Depleted 
Uranium 

 
Position Statement of the Health Physics Society 

 
What is Depleted Uranium? 
 
http://www.ead.anl.gov/pub/doc/depleted-uranium.pdf 
 
Depleted uranium (DU) is created as a byproduct during the enrichment processing of 
natural uranium to make it suitable for use as fuel in nuclear power plants or as a 
component in nuclear weapons. In natural uranium, 99.27% of the mass consists of atoms 
of uranium-238. About 0.72% of the mass consists of atoms of uranium-235, and a very 
small amount (0.0055% by mass) is uranium-234. Although uranium-235 is the rarer of the 
two major uranium isotopes, it is the one that most readily undergoes nuclear fission and is 
thus the most useful for common nuclear applications. For most of these applications, the 
proportion of the uranium-235 isotope found in natural uranium must be increased through a 
process called enrichment. 
 
The uranium enrichment process results in the production of “enriched” uranium (containing 
>0.72% uranium-235) and “depleted” uranium (containing <0.72% uranium-235). The 
uranium enrichment process also removes much of the uranium-234 from the DU. Most DU 
in the United States contains between 0.2 and 0.4% uranium-235, with the remainder being 
uranium-238 and a slight amount of uranium-234. DU is less radioactive than natural 
uranium because some of the uranium-235 and most of the uranium-234 have been 
removed. DU will not undergo a nuclear chain reaction because it is not fissionable.  
 

http://www.iaea.org/newscenter/features/du/du_qaa.shtml. 
 
The official definition of DU given by the US Nuclear Regulatory Commission (NRC) is 
uranium in which the percentage fraction by weight of U-235 is less than 0.711%. Typically, 
the percentage concentration by weight of the uranium isotopes in DU used for military 
purposes is: U-238: 99.8%; U-235: 0.2%; and U-234: 0.001%. 

mailto:mmiller@sandia.gov
mailto:scofieldpa@ornl.gov
http://www.ead.anl.gov/pub/doc/depleted-uranium.pdf
http://www.iaea.org/newscenter/features/du/du_qaa.shtml


 

 

The table below compares percentages of uranium isotopes by weight and activity in natural 
and DU. 
 

Isotope  

Relative isotopic abundance  

Natural  
Uranium  

Depleted  
Uranium  

 By weight  By activity  By weight  By activity  

U-238  99.28%  48.8%  99.8%  83.7%  

U-235  0.72%  2.4%  0.2%  1.1%  

U-234  0.0057%  48.8%  0.001%  15.2%  
 

 

 

Depleted Uranium Applications  
 
Civilian Uses 
 
http://www.who.int/mediacentre/factsheets/fs257/en/ 
http://www.wise-uranium.org/dviss.html 
 
Due to its high density, about twice that of lead, the main civilian uses of DU include 
counterweights in aircraft, ballast in sailboat keels, radiation shields in medical radiation 
therapy machines and containers for the transport of radioactive materials.  It appears that it 
may still be used in some art glass, and enamel powders. 
 
Proposed new uses for depleted uranium include use as catalysts, semiconductors, and 
electrodes for service in solid oxide fuel cells, photochemical cells to produce hydrogen, and 
in batteries. However, deployment of new DU uses maybe limited due regulatory 
requirements unless using DU-containing product or device offers a substantial economic 
benefit over nonradioactive alternatives. 
 

Military Uses 
 
http://www.iaea.org/newscenter/features/du/du_qaa.shtml 
 
Uranium's physical and chemical properties make it very suitable for military uses. DU is 
used in the manufacturing of ammunitions used to pierce armor plating, such as those found 
on tanks, in missile nose cones and as a component of tank armor. Armor made of DU is 
much more resistant to penetration by conventional anti-armor ammunitions than 
conventional hard rolled steel armor plate. 
 
Armor piercing ammunitions are generally referred to as "kinetic energy penetrators". DU is 
preferred to other metals, because of its high density, its pyrophoric nature (DU self-ignites 
when exposed to temperatures of 600° to 700° and high pressures), and its property of 
becoming sharper, through adiabatic shearing, as it penetrates armor plating . On impact 
with targets, DU penetrators ignite, breaking up in fragments, and forming an aerosol of 
particles ("DU dust") whose size depends on the angle of the impact, the velocity of the 
penetrator, and the temperature. These fine dust particles, can catch fire spontaneously in 
air. Small pieces may ignite in a fire and burn, but tests have shown that large pieces, like 
the penetrators used in anti-tank weapons, or in aircraft balance weights, will not normally 
ignite in a fire. 

http://www.who.int/mediacentre/factsheets/fs257/en/
http://www.wise-uranium.org/dviss.html
http://www.iaea.org/newscenter/features/du/du_qaa.shtml


 

 

 
For more information on the military uses of DU see: http://www.gulflink.osd.mil  or 
http://www.nato.int. 
 

Disposal of Depleted Uranium 
 
http://www.nrc.gov/reading-rm/doc-collections/fact-sheets/fs-du-other-waste-disposal.html 
http://www.nrc.gov/about-nrc/regulatory/rulemaking/potential-rulemaking/uw-streams/bg-
info-du.html#uses  
http://www.nrc.gov/materials/fuel-cycle-fac/ur-deconversion/faq-depleted-ur-decon.html 
 
Depleted uranium is primarily stored at the enrichment facilities in the form of uranium 
hexafluoride (UF6), a chemical form required for enrichment but not optimal for long-term 
storage. This depleted uranium hexafluoride (DUF6) is typically stored in 14-ton cylinders 
near the enrichment facilities.  
 
The commercial demand for depleted uranium is currently much less than the amounts 
generated.  For instance, the U.S. Department of Energy (DOE) has about 750,000 metric 
tons of depleted uranium in storage.  Under the U.S. Enrichment Corporation Privatization 
Act, DOE is required to accept depleted uranium from a U.S. Nuclear Regulatory 
Commission (NRC) licensed uranium enrichment facility if the depleted uranium is 
determined to be low-level radioactive waste.  If the depleted uranium has no commercial 
use, the licensee can transfer the material to DOE or dispose of it at a commercial disposal 
site if it meets the disposal site’s requirements. 
 
Due in part to these issues, the U.S Nuclear Regulatory Commission (NRC) is planning to 
amend its regulations to establish new requirements for the disposal of some low-level 
radioactive wastes.  Depleted uranium is considered to be one of these wastes.  Existing 
NRC regulations at 10 CFR 61.55, "Waste Classification," specify criteria for determining the 
classification of low-level radioactive waste for land disposal at a near-surface facility.  The 
original development of 10 CFR 61.55 did not explicitly consider the impacts resulting from 
the disposal of unique waste streams such as significant quantities of depleted uranium from 
the operation of a commercial uranium enrichment facility. 
 
Licenses were issued to two commercial uranium enrichment facilities in 2006 and 2007 and 
reviewing license applications for two more facilities.  These facilities are expected to 
generate significant quantities of depleted uranium. DU is considered to be source material 
and if treated as a waste would be considered low-level waste.  Anticipating the need to 
dispose of significant quantities of depleted uranium from new enrichment facilities, the NRC 
staff prepared a technical analysis that concluded disposal could be safely accomplished 
depending on the specific geological, geographical and climate characteristics of the 
disposal site.  
 
Subsequently, the Commission directed staff to amend NRC regulations to require site-
specific analysis for disposing of depleted uranium in near surface radioactive waste 
facilities and to develop technical parameters for conducting those analyses.   
 
The NRC staff identified several key issues for initial discussion with stakeholders on 
disposal of DU.  These include defining key regulatory terms such as unique waste streams 
and significant quantities of depleted uranium as well as technical parameters of a site-
specific analysis including a time period of performance, appropriate exposure scenarios for 
protection of the public and individuals from inadvertent intrusion.  Technical issues include 

http://www.gulflink.osd.mil/
http://www.nato.int/
http://www.nrc.gov/reading-rm/doc-collections/fact-sheets/fs-du-other-waste-disposal.html
http://www.nrc.gov/about-nrc/regulatory/rulemaking/potential-rulemaking/uw-streams/bg-info-du.html#uses
http://www.nrc.gov/about-nrc/regulatory/rulemaking/potential-rulemaking/uw-streams/bg-info-du.html#uses
http://www.nrc.gov/materials/fuel-cycle-fac/ur-deconversion/faq-depleted-ur-decon.html


 

 

appropriate considerations for depleted uranium waste form(s), uranium geochemistry, and 
radon migration and exposure.  
 
The nature of the radiological hazards associated with DU presents challenges to the 
estimation of long-term effects from its disposal – namely that its radiological hazard 
gradually increases due to the ingrowth of decay products, eventually peaking after 1 million 
years, rather than decreasing significantly over a few hundred years like that of typical LLW. 
 
Currently the NRC staff is conducting public meetings and requesting submission of 
comments to the proposed amended regulations.  

 
How Does DU Affect Human Health? 
 
http://www.iaea.org/newscenter/features/du/du_qaa.shtml#q10 
http://www.nrc.gov/about-nrc/regulatory/rulemaking/potential-rulemaking/uw-streams/bg-
info-du.html#uses 
 
Uranium is introduced into the body mainly through ingestion of food and water and 
inhalation of air.  When inhaled, uranium is attached to particles of different sizes. The size 
of the uranium aerosols and the solubility of the uranium compounds in the lungs and gut 
influence the transport of uranium inside the body. Coarse particles are caught in the upper 
part of the respiratory system (nose, sinuses, and upper part of the lungs) from where they 
are exhaled or transferred to the throat and then swallowed. Fine particles reach the lower 
part of the lungs (alveolar region). If the uranium compounds are not easily soluble, the 
uranium aerosols will tend to remain in the lungs for a longer period of time (up to 16 years), 
and deliver most of the radiation dose to the lungs. They will gradually dissolve and be 
transported into the blood stream. For more soluble compounds, uranium is absorbed more 
quickly from the lungs into the blood stream. About 10% of it will initially concentrate in the 
kidneys. 
 
Most of the uranium ingested is excreted in feces within a few days and never reaches the 
blood stream. The remaining fraction will be transferred into the blood stream. Most of the 
uranium in the blood stream is excreted through urine in a few days, but a small fraction 
remains in the kidneys and bones and other soft tissue. 
 
In sufficient amounts, uranium that is ingested or inhaled can be harmful because of its 
chemical toxicity. Like mercury, cadmium, and other heavy-metal ions, excess uranyl ions 
depress renal function (i.e., affect the kidneys). High concentrations in the kidney can cause 
damage and, in extreme cases, renal failure. The general medical and scientific consensus 
is that in cases of high intake, uranium is likely to become a chemical toxicology problem 
before it is a radiological problem. Since uranium is mildly radioactive, once inside the body 
it also irradiates the organs, but the primary health effect is associated with its chemical 
action on body functions. 
 
Like any radioactive material, there is a risk of developing cancer from exposure to radiation 
emitted by natural and DU. This risk is assumed to be proportional to the dose received. 
Limits for radiation exposure are recommended by the International Commission on 
Radiological Protection (ICRP) and have been adopted in the IAEA's Basic Safety 
Standards. The annual dose limit for a member of the public is 1 mSv, while the 
corresponding limit for a radiation worker is 20 mSv. The additional risk of fatal cancer 
associated with a dose of 1 mSv is assumed to be about 1 in 20,000. This small increase in 
lifetime risk should be considered in light of the risk of 1 in 5 that everyone has of developing 

http://www.iaea.org/newscenter/features/du/du_qaa.shtml#q10
http://www.nrc.gov/about-nrc/regulatory/rulemaking/potential-rulemaking/uw-streams/bg-info-du.html#uses
http://www.nrc.gov/about-nrc/regulatory/rulemaking/potential-rulemaking/uw-streams/bg-info-du.html#uses


 

 

a fatal cancer. It must also be noted that cancer may not become apparent until many years 
after exposure to a radioactive material. 
 

Military Personnel Exposures 
 
http://www.iaea.org/newscenter/features/du/du_qaa.shtml#q8 
 
Regarding exposures to DU, there have been studies of the health of military personnel who 
saw action in the Gulf War (1990-1991) and during the Balkan conflicts (1994-99). A small 
number of Gulf war veterans have inoperable fragments of DU embedded in their bodies. 
They have been the subject of intense study and the results have been published. These 
veterans show elevated excretion levels of DU in urine but, so far, there have been no 
observable health effects due to DU in this group. There have also been epidemiological 
studies of the health of military personnel who saw action in conflicts where DU was used, 
comparing them with the health of personnel who were not in the war zones. The results of 
these studies have been published and the main conclusion is that the war veterans do 
show a small (i.e., not statistically significant) increase in mortality rates, but this excess is 
due to accidents rather than disease.  
 
http://www.woundedwarrior.af.mil/news/story_print.asp?id=123298732 
 
However, the Joint Pathology Center’s Biophysical Toxicology and Depleted 
Uranium/Embedded Metal Fragment Laboratories branch continues to track veterans who 
suffered DU shrapnel wounds. 
 
 

Recommendations 
 
The Health Physics Society offers the following observations and recommendations to assist 
members of the public, military personnel, educators, public officials, and the media in 
addressing the potential risks from exposure to DU in the environment. 
 

Recommendations to Members of the Public, Educators, Public Officials, and 
Media: 
 
http://www.ead.anl.gov/pub/doc/depleted-uranium.pdf 
 

 Uranium is a health hazard only if it is taken into the body. The main means of 
exposure are ingestion of food and water containing uranium isotopes and inhalation 
of uranium-contaminated dust. Ingestion is usually the exposure route of concern 
unless there is a nearby source of airborne dust. Because uranium is taken up in the 
body much more readily if inhaled than if ingested, both exposure routes can be 
important. The major health concern is kidney damage caused by the chemical 
toxicity of soluble uranium compounds; these effects can be reversible depending on 
the level of exposure. 
 

 Currently the NRC is conducting public meetings and requesting comments to the 
proposed amended low level waste regulations that include DU wastes. For more 
information contact the NRC: http://www.nrc.gov/about-
nrc/regulatory/rulemaking/potential-rulemaking/uw-streams.html. 
 

[What do we want to say about this – do we support the regulation revisions?] 

 

http://www.iaea.org/newscenter/features/du/du_qaa.shtml#q8
http://www.ead.anl.gov/pub/doc/depleted-uranium.pdf
http://www.nrc.gov/about-nrc/regulatory/rulemaking/potential-rulemaking/uw-streams.html
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 Disposal of DU should follow appropriate national or international recommendations. 

 

Recommendations to Military Personnel/Impacts: 
 
http://www.who.int/mediacentre/factsheets/fs257/en/ 
http://www.woundedwarrior.af.mil/news/story_print.asp?id=123298732 
 

 Following conflict, levels of DU contamination in food and drinking water might be 
detected in affected areas even after a few years. This should be monitored where it 
is considered there is a reasonable possibility of significant quantities of DU entering 
the ground water or food chain. 
 

 Where justified and possible, clean-up operations in impact zones should be 
undertaken if there are substantial numbers of radioactive projectiles remaining and 
where qualified experts deem contamination levels to be unacceptable. If high 
concentrations of DU dust or metal fragments are present, then areas may need to 
be cordoned off until removal can be accomplished. Such impact sites are likely to 
contain a variety of hazardous materials, in particular unexploded ordnance. Due 
consideration needs to be given to all hazards, and the potential hazard from DU 
kept in perspective. 
 

 Small children could receive greater exposure to DU when playing in or near DU 
impact sites. Their typical hand-to-mouth activity could lead to high DU ingestion 
from contaminated soil. Necessary preventative measures should be taken. 
 

 For service members and veterans who carry shrapnel but have not sought medical 
care should seek advice from a doctor or call the Baltimore VA Medical Center, 
which works with the Joint Pathology Center’s Biophysical Toxicology and Depleted 
Uranium/Embedded Metal Fragment Laboratories. 
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ABSTRACTS/SPEAKERS FOR THE 2012 SPECIAL SESSION 
 

TAM-E.1   08:15  Tritium Oxide Deposition Velocity for Use at the Savannah River Site 
Patricia Lee*, Savannah River National Laboratory ; Charles Murphy, Savannah River 
National Laboratory; Brian Viner, Savannah River National Laboratory; Charles 
Hunter, Savannah River National Laboratory; Marlene Moore, Savannah River Nuclear 
Solutions  
 
Abstract: Work has been performed to provide appropriate, defensible values of the tritium 
water vapor (HTO) deposition velocity for use at the Savannah River Site (SRS). This 
evaluation requires consideration of the reemission of HTO into the atmosphere after 
deposition. Approximately 85% of the surface area of the SRS is forested. The majority 
(68%) of the forests are pine plantations. The remaining forest area is 6% mixed pine and 
hardwood and 26% swamp hardwood. Most of the path from potential release points to the 
SRS boundary is through forested land. A search of published studies indicates that day-
light, HTO deposition velocities in forest vegetation can range from 0.07 to more than 2.8 cm 
s-1. An analysis of the result of studies done on an SRS pine plantation and climatological 
data from the SRS meteorological network was performed to determine an average 
deposition velocity during day light periods. In addition, a value is recommended for night 
time releases for use when estimating a bounding dose (95th percentile). Deposition velocity 
and residence time (half-life) of HTO in vegetation are related by the leaf area and leaf water 
volume in the forest. For the characteristics of the pine plantation at SRS, the residence 
times corresponding to the average day-light and night-time deposition velocities are 
recommended. Lastly, recommendations are made for an effective deposition velocity for 
use in dispersion models where the reemission of HTO is not considered.  

TAM-E.2   08:30 Tritium in Drinking Water – Science, Regulation and Society D.B. 
Chambers*, SENES Consultants Limited  
 
Abstract: In March of 2009 the Ontario Drinking Water Advisory Committee (ODWAC) 
recommended that Ontario reduce their limit for tritium in drinking water from its current 
value of 7,000 Bq/L to a proposed value of 20 Bq/L on an annual (52 week running) average 
basis, basically because “you can”. The proposed limit of 20 Bq/L, if accepted would be by 
far the most stringent in the world. The refurbishment of existing reactors and proposed new 
build reactors in Canada has resulted in increased opposition to nuclear power; in particular, 
by highly motivated national and international anti-nuclear who foster overstated and often 
incorrect views on the risks of low doses of radiation. Recently, the Canadian Nuclear Safety 
Commission (CNSC) has been taking a proactive stance concerning the ODWAC 
recommendation to Ontario to lower the tritium limit in drinking water to 20 Bq/L and 
recently, on the basis of “pollution prevention principle and the principle of minimizing 
contamination of food and drinking water with anthropogenic carcinogens to the extent 
possible” has also indicated to the OMOE that a drinking water limit of 100 Bq/L would be 
safe, practical and achievable. This paper discusses the doses and potential health risks 
arising from the publics’ exposure to tritium, the current regulatory and public debate 
concerning perceived risks and provides some exemplar calculations illustrating the “health 
benefits” from such a reduction in the tritium limit.  

  



 

 

 
TAM-E.3   09:00 Tritium Releases from Nuclear Power Plants JT Harris*, Idaho State 
University  
 
Abstract: The U.S. commercial nuclear power fleet has established an outstanding record of 
performance and safety over the last several years. This accomplishment has helped to lay 
a solid basis for the next generation of nuclear plants. Even in light of the recent Fukushima 
accident, there is still interest in adding new nuclear capacity in the U.S. However, now more 
than ever plants must address concerns about radiological releases that may impact the 
environment and the public. All commercial nuclear power plants release gaseous and liquid 
radiological effluents into the environment as a byproduct of electrical generation. These 
releases must be monitored and their impact evaluated. Additionally, unplanned releases 
must be monitored very carefully and steps be taken to minimize their impact. Recently, 
inadvertent tritium releases by several nuclear power plants, many of which entered the 
groundwater, have led to increased surveillance and scrutiny by regulatory authorities and 
the general public. The purpose of this presentation is to address the current and future 
concerns related to nuclear power plant tritium releases, both planned and unplanned. 
Issues such as tritium encroachment in groundwater, recapture and precipitation washout, 
public exposures, environmental accumulation, and decommissioning releases are 
presented. Changes in recommendations and regulations related to tritium at nuclear power 
plants are also briefly discussed.  

TAM-E.4   10:00  A Microdosimetric Study on Radiation Quality of Tritium J Chen*, 
Health Canada  
 
Abstract: In the environment, tritium can exist in the form of tritiated water (HTO) and in an 
organic form known as organically-bound tritium (OBT). Because tritium poses an internal 
hazard, there is a need to study their radiation effectiveness at cellular levels. In this study, 
microdosimetric simulations are performed for tritium uniformly distributed in a medium, and 
for tritium bound to biologically critical sites of dimensions from 5nm to 1µm. Results of local 
energy density are different for these two cases in microscopic regions. Based on the spatial 
distribution of energy deposition, dose mean lineal energies are calculated for tritium in 
forms of HTO and OBT. The dose mean lineal energies of OBT are about a factor of 1.7 
higher than those of HTO in a wide range of target dimensions of biological interest. Internal 
exposure to tritium may result in DNA lesions. Of those, DNA double-strand breaks (DSBs) 
are believed to be important. However, experimental and computational data of DSB 
induction by tritium are very limited. In this study, microdosimetric characteristics of 
uniformly distributed tritium are determined in dimensions of critical significance in DNA 
double-strand breaks. Those characteristics were used to identify other particles 
comparable to tritium in terms of microscopic energy deposition. A summary of theoretically 
predicted and experimentally determined DSB yields available in the literature is provided 
for low energy electrons and high energy protons of comparable microdosimetric 
characteristics to tritium in the dimensions relevant to DSBs. The yield of DSBs from internal 
exposure to tritium is estimated from a simple average over all those relevant information. It 
is concluded that the DSB yield from internal tritium exposure can be estimated as 2.3 ± 0.7 
x 10-11 DSBs/Gy/Da. When compared to reference radiations, the estimated DSB yield can 
be used to estimate the relative biological effectiveness of tritium.  

 

TAM-E.5   10:30  Research and Development of Environmental Tritium Modelling, an 
Update D.C. Galeriu*, “Horia Hulubei” National Institute of Physics and Nuclear 
Engineering, ; A. M. Melintescu, “Horia Hulubei” National Institute of Physics and 
Nuclear Engineering 



 

 

 
Abstract: There is an increased interest on environmental impact of tritium releases from 
nuclear facilities generated by observation of high concentrations of groundwater near some 
reactors, the debate on health effects and the role of OBT (organically bound tritium). 
Romania, having CANDU (Canadian Deuterium Uranium) reactors, is interested in both 
liquid and atmospheric routine or accidental release consequences and actively participates 
in international programs that address these problems . A briefing of recent results is 
presented covering a new human dosimetric model for tritium as well as activities in the 
framework of IAEA’s (International Atomic Energy Agency) EMRAS (Environmental 
Modelling for Radiation Safety) WG-07 (Working Group 7) special program covering Tritium 
Accidents . For this purpose, the processes involved in the tritium transfer in the 
environment are analyzed in strong correlation with the environmental conditions, season 
and time of the day and /or night. From the topics in WG 07, a few of general interest are 
presented. An updated overview on tritium washout includes the potential effect of buildings 
and may explain high tritium concentrations in surface and groundwater near reactors. For 
the aquatic food chain, a new model was tested with experimental data and it may explain 
very high OBT in Cardiff fish as due to dissolved organic tritium released in the sea. A 
metabolic model was developed and tested for the dynamic prediction of tritium in farm, 
laboratory and wild mammals and extended to birds. For atmospheric releases, the progress 
presented includes HT deposition to soil and conversion to HTO, as well as deposition of 
HTO to crops. Formation of OBT in crops is of main concern and a review of experimental 
data and the first model test are presented. Further needs of process understanding and 
experimental efforts are noted.  

TAM-E.6   11:00 Corrections for Measurements of Tritium in Subterranean Vapor 
using Silica Gel JJ Whicker*, Los Alamos Nat. Lab. ; JM Dewart, Los Alamos Nat. 
Lab.; SP Allen, Los Alamos Nat. Lab.; WF Eisele, Los Alamos Nat. Lab.; MW 
McNaughton, Los Alamos Nat. Lab.; AA Green, Los Alamos Nat. Lab.  
 
Abstract: Hazardous contaminants buried within vadose zones can accumulate in soil gas. 
The concentrations and spatial extent of these contaminants are measured to evaluate 
potential transport to ground water for public risk evaluation. Tritium is an important 
contaminant found and monitored for in vadose zones across numerous sites within the 
United States nuclear weapons complex, including Los Alamos National Laboratory. The 
extraction, collection, and laboratory analysis of tritium from subterranean soil gas presents 
numerous technical challenges that have not been fully studied. Particularly, the lack of 
moisture in the soil gas in the vadose zone makes it difficult to obtain enough sample (e.g., 
>5 g) to provide for the required measurement sensitivity, and often, only small amounts of 
moisture can be collected. Further, although silica gel has high affinity for water vapor and is 
prebaked prior to sampling, there is still sufficient residual moisture in the prebaked gel to 
dilute the relatively small amount of sampled moisture; thereby, significantly lowering the 
“true” tritium concentration in the soil gas. This paper provides an evaluation of the 
magnitude of the bias from dilution, provides methods to correct past measurements by 
applying a correction factor (CF), and evaluates the uncertainty of the CF values. For this, 
ten-thousand Monte Carlo calculations were performed and distribution parameters of CF 
values were determined and evaluated. The mean and standard deviation of the distribution 
of CF values were 1.53 ± 0.36, and the minimum, median, and maximum values were 1.14, 
1.43, and 5.27, respectively.  

  



 

 

TAM-E.7   11:15  Tritium Uncertainty Analysis for Surface Water Samples at the 
Savannah River Site R F Atkinson*, Colorado State University Department of 
Environmental & Radiological Health Sciences ; T P Eddy, Savannah River Nuclear 
Solutions; W Kuhne, Savannah River National Laboratory; T Jannik, Savannah River 
National Laboratory; A Brandl, Colorado State University Department of 
Environmental & Radiological Health Sciences  
 
Abstract: Radiochemical analysis of surface water samples in the framework of 
Environmental Monitoring have associated uncertainties for the radioisotopic results 
reported. This uncertainty analysis pertains to the tritium results from surface water samples 
collected at five locations on the Savannah River near the U.S. Department of Energy’s 
Savannah River Site (SRS). Uncertainties can result from the field-sampling routine, can be 
incurred during transport due to the physical properties of the sample, from equipment 
limitations, and from the measurement instrumentation used. The uncertainty reported by 
the SRS in their Site Environmental Report currently considers the counting uncertainty in 
the instrument, which is the standard reporting protocol for radioanalytical chemistry results. 
The main focus of this paper is to give an overview of all uncertainty components in the 
tritium measurements, to estimate the total uncertainty according to ISO 17025, and to 
propose experiments to verify some of the estimated uncertainties. The main uncertainty 
components discovered and investigated in this paper are tritium absorption or desorption in 
the sample container, fractionation during distillation, pipette volume, and tritium standard 
uncertainty. The goal is to quantify these uncertainties and to establish a combined 
uncertainty in order to increase the scientific depth of the SRS Site Environmental Report.  

 
 


