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Disclosures:

We have attempted to provide as full and fair review of the ATSDR Health Assessment
as we could, given the time and resources we could devote to the task. As part of our
attempt at fairness, we feel obliged to notice for ourselves and disclose to our readers
potential sources of influence on our judgment. Our sponsors, TriValley CAREs
(Communities Against a Radioactive Environment), the San Francisco Bay Area
Physicians for Social Responsibility (PSR) and Western States Legal Foundation
(WSLF), have all had long-standing concerns about Livermore operations, and they felt
significant dissatisfaction with both the content of the report and the process ATSDR
followed in preparing it. We have an ongoing ATSDR sponsored community education
project in Western Shoshone and Southern Paiute communities affected by nuclear
weapons testing and we feel a strong commitment to it. We have also worked with
ATSDR as technical support to a community advisory panel and received ATSDR
support for health studies around the Massachusetts Military Reservation.
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1.0 Introduction and Executive Summary

Every Superfund site represents a tragedy. The causes may have been a lack of
knowledge at an earlier time, carelessness or neglect, or failures in oversight. Whatever
the reasons, the legacies are vulnerable communities and lingering distrust of American
industry and government. The Superfund legislation of the 1980s was designed to correct
these legacies. An important component of the legislation was the creation of the Agency
for Toxic Substances and Disease Registry (ATSDR). ATSDR was established because
Congress believed that vulnerable communities and the state and federal agencies
managing the clean up would need trustworthy information and advice about
environmental health threats. ATSDR was thus intended from the beginning to have a
community health focus, including a mandate to work collaboratively with affected
communities.

Public Health Assessments are one of the tools that ATSDR uses to help inform
communities and to develop recommendations to parties with concerns about a site. The
ATSDR Public Health Assessment for Community Exposures to the 1965 and 1970
Accidental Tritium Releases from the Lawrence Livermore National Laboratory (LLNL)
(ATSDR 2002) was released in draft form for public comment May 24, 2002. It has had
an unusual history. Tritium, the radioactive form of the element hydrogen, was not on
the list of substances for which LLNL was declared a superfund site. Tritium has a
twelve year half life and is found most often in mobile form as water and water vapor; it
thus poses rather different problems for cleanup than plutonium and many chemical
contaminants. However, operations at LLNL have released significant amounts of
tritium every year for more than 40 years (ATSDR 2001b, p. 55) including the two major
accidental releases that are the subject of the draft Public Health Assessment:
approximately 350,00 curies of tritium were released in 1965 and another 300,000 curies
were released in 1970.

These releases have quite naturally led to public concerns about their health implications.
Because of such concerns, and because LLNL appeared to have no information about
organically bound tritium (OBT) in the environment (the concern was that OBT may be
more persistent and may lead to unanticipated radiation doses), community members
requested that ATSDR conduct measurements of OBT in the LLNL region. Rather than
make such measurements or recommend that LLNL or other entities carry out such
measurements, ATSDR chose to conduct a series of consultations and assessments to
decide whether such measurements could be justified based on public health concerns.

The first of these efforts was the convening of an expert panel to “evaluate site specific
trittum monitoring and evaluation programs and determine whether adequate data and
dose evaluations currently exist for assessing the public health implications of tritium
exposure and uptake at these sites.” ATSDR presented a summary of the panel’s
deliberations and ATSDR’s conclusions from the summary in a draft Health Consultation
(ATSDR 2001b). Very shortly thereafter, ATSDR presented a second draft Health
Consultation specifically considering the health implications of the 1965 and 1970
accidents (ATSDR 2001a). It is not totally clear why ATSDR chose to focus on the two



accidents; one reason may be that in later years annual releases have been summarized
and interpreted in LLNL annual reports: also the accidents constitute the largest releases
of tritium from the facility. Whatever the reasons for ATSDR attention, these accidents
were major events for which there should be a public record and assessment. After
receiving a variety of public comments and criticisms on the health consultation, ATSDR
created the Public Health Assessment for those accidents (ATSDR 2002); that assessment
is the main subject of this review. There is one further ATSDR document which bears on
the tritium concerns, and that is the ATSDR Toxicological Profile for Ionizing Radiation
(ATSDR 1999).

As we shall discuss later there are very substantial inconsistencies between these various
documents and ATSDR has made no attempt to explain or rationalize the differences.
However, the overall message appears to convey the following reasoning: 1) radiation
doses from tritium releases in ongoing operations at LLNL to a hypothetical maximally
exposed individual are “below public health concern”; 2) this conclusion is extremely
unlikely to be altered by the unknown component of OBT in the LLNL environment; 3)
therefore an effort to measure OBT would not be justifiable; 4) the major accidents also
gave doses to the maximally exposed individual which are “below public health
concern”; 5) therefore ATSDR will not make any further recommendations to itself or
other entities.

Among the public comments on the health consultation (ATSDR 2001a) was a request by
community members for funds to support an independent review of the forthcoming
Public Health Assessment. This request was denied, although ATSDR indicated that it
would arrange for some sort of peer review of the document. Subsequently a coalition of
community groups, TriValley CAREs (Communities Against a Radioactive
Environment), the San Francisco Bay Area Physicians for Social Responsibility (PSR)
and Western States Legal Foundation (WSLF), received funds from the Citizens’
Monitoring and Technical Assessment Fund to support our review.

Our primary task was to review the Public Health Assessment (ATSDR 2002). We also
spent time reading through the earlier iterations and some related documents as listed in
our bibliography. With one exception we have not had access to any other comments or
reviews of the ATSDR documents or any further work performed by ATSDR. After
completion of our draft review, we did receive a copy of a LLNL report (Peterson et al.
2002) that was provided to ATSDR last summer, reviewing the still classified accident
report for the 1965 accident and reproducing one appendix to it; this report provides
information on the release and on meteorological conditions which was not available to
ATSDR when the draft assessment was prepared. We discuss the implications of this
report in Appendix B.

We have not attempted to reconstruct or run the two models used by ATSDR to quantify
the transport of tritium in the form of hydrogen, its deposition to the ground and its re-
emission and transport in the form of water vapor. However we have performed
calculations to test the plausibility of the modeling results. We have reconstructed the
Monte Carlo simulation model from which ATSDR infers doses and uncertainties in their



dose estimates and we have developed a revised version of it. In the course of creating
the revised model, we have made a systematic discussion of uncertainties in the estimates
of doses and risks from the accidents. We have also made an effort to draw some
inferences from evidence within the documents themselves about the process which
ATSDR followed in creating the health assessment and the suitability and effectiveness
of their effort in informing the public.

Our primary findings are as follows:

* Process problems. The health assessment process has been marked by a lack of
responsiveness to community concerns, a series of contradictory documents, and
very limited attention to establishing a record of what happened in the accidents
and to informing the public in a detailed and understandable way about what
happened. ATSDR has lost its opportunity to serve as an honest broker on these
issues, and thus departed from its defined public health mission.

* Treatment of uncertainties. These calculations involve a large degree of
uncertainty, in part due to the unfortunate lack of information about the conditions
around the accidents. ATSDR has made no evaluation of the reliability of the
information derived from LLNL records on the release. Other key factors for
which uncertainty was underestimated include meteorological conditions and the
rate of tritium deposition. The treatment of uncertainty in the retention time of
tritium in the human body is incoherent. There has been no attempt to explain in
ordinary language the reasons for and the implications of the uncertainties in the
modeling effort.

¢ Calculation and presentation of dose estimates. The health assessment makes
mistakes in presenting its results. In particular, the models predict higher rather
than lower doses for the 1965 accident contrary to assertions in the text. A
significant factor in calculating dose, the dose and dose-rate effect factor, was
misused. We present revised dose estimates that correct these errors; our estimates
are 3-4 times higher than those presented in the health assessment. Population
dose estimates should have been made and we make a rough attempt at doing so
here.

* Discussion of health risks. In its treatment of risks from radiation exposure the
authors of the health assessment contradict standard practice as described in the
National Academy of Sciences BEIR V report (NRC 1995), in international
commissions (ICRP 1991, UNSCEAR 2000), and the ATSDR Toxicological
Profile for Ionizing Radiation (ATSDR 1999). The authors give no indication that
their assumption of a threshold for radiation induced cancer is at variance with
standard risk assessment practice or that there has been a very substantial
scientific and policy debate on the issue. In contrast, using standard methods we
find that within the range of uncertainty there was potential for cancer mortality
risks that are considered ‘significant’ in common regulatory practice- that is, the
risks using both ATSDR’s and our estimates for a maximally exposed individual



are in the vicinity of 1 in 10,000; in some uncertainty ranges, the risks exceed 1 in
1,000.

* Irresponsible conclusions. The assessment and the consultations use the term
“below levels of public health concern” in a number of places, including in its
conclusions about potential risks. There are serious problems with this usage.
The term is nowhere defined, nor is there any indication of what the authors
would consider to be a level of public health concern. Risks calculated using
standard practice from the radiation doses presented in the assessment are at
levels that are generally taken to be significant by the agencies supervising
Superfund clean ups. Most disturbingly, the inferences drawn by ATSDR directly
subvert the ALARA principle (as low as reasonably achievable), a cornerstone of
the social compact for managing radiological hazards. The impression left by the
ATSDR documents is indifference to releases of 300,000 Ci of tritium (in the
form of hydrogen, or 10,000Ci in the form of water vapor) in a highly populated
area.

These last two points in particular constitute serious flaws in the draft and if left unaltered
would represent a significant departure by ATSDR from its public health mission. Both
should be corrected in the final version of the assessment. The potential risks from major
releases close to a highly populated area can be described without exaggeration but in a
way that respects the ability of the public to digest quantitative information and that
supports an ALARA approach. Failures in process and loss of trust are not easily
corrected; however, steps in the right direction would be well received. These would
include correcting the above two deficiencies and making efforts, perhaps through the
regional ATSDR office, to assure that the full story of the accidents becomes available
and that appropriate lessons are drawn for future operations and monitoring. If instead
ATSDR persists in avoiding its public health mission, the likely consequences are
worsened community relations with LLNL, greater distrust of government, and
unnecessary community fears.



2.0 Our expectations for an ATSDR Health Consultation or Health Assessment

For a critical review of a document to be fair and helpful it must take into account the
goals of the effort being documented. The review should assess how well the goals have
been achieved and it can also consider whether the goals were appropriate. In the case of
the ATSDR health assessment (ATSDR 2002), the principal objectives have not been
clearly stated in the report; we have thus felt it important to define at the beginning what
we expect of an ATSDR health assessment. These expectations considerably influence
our review.

The two accidents that are the subject of the assessment were, by any measure, major
radiological events. 300,000 Ci of a relatively long lived radioactive isotope like tritium
is a very substantial accidental release of radioactivity and fully warrants public attention
and concern. We think that a couple of caricatures of what an assessment of these
accidents might turn out to be will help explain what we believe an assessment should
aim for.

The assessment could have as its primary goal the formulating of a decision by ATSDR;
it might then become a largely private agency document, even though presented to the
public for review, because it uses technical criteria (that members of the public might or
might not understand and/or accept) and a technical analysis (that also might or might not
be effectively communicated) to enable ATSDR to decide whether it wanted to make
certain further recommendations.

The assessment could instead have as its primary goal the reassurance of a public in order
to convince it not to blame or make demands on the party responsible for the accident or
any of the regulatory agencies. In pursuing this goal the assessment might then take a
minimalist approach — ‘be reassured because we have done a complicated technical
analysis and, as we keep emphasizing, our models say there is nothing to be concerned
about’. We rather doubt that such an approach to reassurance works in practice, and in
any event we consider it inappropriate.

In contrast, our view is that the primary objective of an ATSDR assessment should be to
inform the various stakeholders, including the public, about what happened in the
accidents and about possible health implications. These stakeholders will have diverse
perspectives and understandings about risks to health and other accident implications; the
assessment should be helpful in informing a diverse audience. A secondary, but still
potentially important objective, is to provide a basis for ATSDR to decide (in
consultation with stakeholders) what if any further recommendations are appropriate for
ATSDR, other government agencies, and other entities.

In pursuing both of these purposes gaps in knowledge and other uncertainties require
careful attention. The parties need to know both what is known and what isn’t, and what
might be learned with a reasonable amount of additional effort. Different people weigh
uncertain information differently, so part of the task of informing stakeholders is finding
alternative appropriate ways of describing uncertainties. In this context, the use of



“conservative” assumptions or calculation methods can prove unhelpful. There are
numerous situations in which it is easier to estimate an upper (“‘conservative’) bound than
to create a best estimate with uncertainty, and sometimes it is appropriate to do so.
However, information about how well you know the quantity you are calculating gets lost
and communication becomes more difficult. This is discussed further in Section 6.

The original idea of Congress in establishing ATSDR in the Superfund legislation was
that communities in the vicinity of sources of hazardous contamination would have
various needs for public health information and other public health resources. In these
situations in which the public trust had already been abused, it was particularly important
that communities could call for such information and resources from an agency that they
could communicate directly with and that they could trust to be directly concerned about
them, more perhaps than those responsible for the contamination or the agencies which
had failed to protect them.

Public understanding is thus critical to the mission of ATSDR and the creation of a health
assessment requires attention to effective communication. And effective communication
requires responsiveness - paying attention in the formulation of a study to what
community members and other stakeholders want to know and how they will best be able
to understand it. The National Academy of Sciences report Understanding Risk (NRC
1996) provides a very helpful road map for collaborative efforts by analysts and
interested parties to frame important questions and develop approaches to answering
them, described as an “analytic and deliberative process”. Such collaborative work can
improve interactions among stakeholders and agencies and ultimately build trust. But the
parties have to believe that the ATSDR analysts will treat all parties fairly and that they
haven’t predetermined the questions and the modes of analysis to produce predetermined
answers.

Building trust also requires persistence in working together and continuity in the effort.
As we describe next, there are a variety of ATSDR documents which pertain to the
accident: there is the health assessment (ATSDR 2002) that is the subject of our review.
One year before it, ATSDR prepared a health consultation (ATSDR 2001a) on the
accidents. There is another health consultation and panel report on Tritium Releases and
Potential Offsite Exposures (ATSDR 2001b) also from a year ago, and an ATSDR
toxicological profile on ionizing radiation (ATSDR 1999). While certainly an agency
can change its approach and there can be important changes in scientific understanding, it
is vital that inconsistencies between documents be understood and effectively explained.
When the agency chooses to change its approach to particular problems or issues, there
should be both explanation and justification for the change, and it should be made clear
how the change affects the findings.
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3.0 Context of the May 24, 2002 Assessment
3.1 Livermore Lab

What is now Lawrence Livermore National Laboratory (LLNL) was first occupied by the
Atomic Energy Commission in 1950 and in 1952 it became a separate part of the
University of California Radiation Laboratory. LLNL currently occupies 821 acres of
land approximately 40 miles east of San Francisco and 3 miles east of central Livermore.

A variety of activities occur at the laboratory, with special emphasis on nuclear weapons
research and development. In addition to potential radiological health hazards LLNL
poses chemical hazards for which it was placed on the Superfund list in 1987.

One structure of particular concern is Building 331, the Tritium Facility. This unit has
operated since 1956 and the amount of tritium in the building averaged 200-300 grams
(2-3 million Ci) through 1990, after which the inventory was brought under 5 grams
(50,000 Ci). Both accidents being considered here occurred in Building 331.

3.2 The two accidents

There is very little information about the accidents available to us. Apparently there are
some accident reports that are still classified. We find it difficult to understand what
nearly 40 year old information about an accidental release still requires classification or,
presuming that there still are some concerns about secrecy, why a declassified version
could not be created. We know that on January 20, 1965 at 3:30 pm roughly 350,000
curies were released from a stack in building 331. We are told that this was the result of
human error and that most of the tritium was in gas form (*H,). Nothing is known about
meteorological conditions at the time and apparently no local environmental sampling
was done following the release’'.

On August 6, 1970 at 6:14 am another 300,000 curies were released from the same stack
when a component of a pressurized gas system failed. We have some information about
the meteorological conditions on that day (wind from the southwest at 2.2-4.5 mph). It
appears from maps generated after the accident that the plume moved east and then
southeast down the San Joaquin Valley. Sampling was done after this accident and we
have a small amount of information on air, water, vegetation, milk and urine
concentrations over the next four days.

3.3 Other (ongoing) activities at Livermore which release radiation

Based on LLNL annual reports and other documents, we observe that tritium has been
released to the local environment in sanitary sewage effluent and from an onsite

' This paragraph was written before we were aware that one of these classified documents had been
reviewed by LLNL staff and that this review was made available to ATSDR last summer in response to the
Public Health Assessment (ATSDR 2002). We have very recently received a copy of this review. Our
preliminary comments on its implications will be made in Appendix B.



11

radioactive waste facility (Site 300) in addition to stack releases from Building 331 and
other buildings (212). Numerous other radionuclides have also been released from the
Laboratory (AEC 1961, Olsen 1973). Based on the information we have seen it is
plausible that 80% of the total tritium releases from LLNL were during the 1965 and

1970 accidents, as stated in the assessment. It is important to note, however, that while
the releases from building 331 during the two accidents were reported to be in the form of
tritium gas, any releases of the water vapor form (HTO) would pose a more substantial
health threat and should be weighed heavier. Much of the yearly emissions other than the
two major accidents has been in the form of water vapor.

3.4 Other documents incorporated in this Health Assessment

Two earlier versions of this document were made available to us. One (ATSDR 2001a)
was a very brief document that made assumptions about exposure, and drew conclusions
about potential doses received, that were different from those used in the more recent
version; this is discussed in more detail below. The other was a document that had a
much broader focus, including routine releases from LLNL and the Savannah River Site.
This document included a final report from an expert review panel convened by the
ATSDR; the expert review panel report contained a fair amount of useful information
about dosimetry and risk assessment that was very selectively applied by the authors of
the current public comment draft health assessment (ATSDR 2002).

3.5 The public comment and review process

The public comment and review process as described in the health assessment began with
the mandatory ATSDR assessment that was triggered by the addition of LLNL to the
Superfund list in 1987. Although the Superfund listing was in response to volatile organic
compounds in local wells, public concerns about tritium releases were noted. The broad
document for LLNL and the Savannah River Site, mentioned above, did not explore in
detail the two large accidents at LLNL and the health consultation (ATSDR 2001a) was
intended to focus specifically on these accidents. This consultation was presented at a
public meeting in November 2001 and received a distinctly negative review- meeting
attendants found serious problems in approach, methodology and presentation of results.
Comments were received and the report has been modified in response. In addition, a
coalition of local organizations solicited funds from the Citizens’ Monitoring and
Technical Assessment Fund to hire technical consultants (us) that would review the
document.
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4.0 How we prepared this report

Following initial discussions with our sponsors — TriValley CAREs (Communities
Against a Radioactive Environment), the San Francisco Bay Area Physicians for Social
Responsibility (PSR) and Western States Legal Foundation (WSLF) — we reviewed the
three ATSDR documents described above (ATSDR 2001a, ATSDR 2001b, ATSDR
2002), together with some further background material (see the reference list attached).
In this review we asked:

* Is the picture presented in the reports, particularly the health assessment (ATSDR
2002) basically correct in its main features? in the details? Could more surprises
be anticipated which would have the sort of magnitude found in the differences
between the first draft consultation (ATSDR 2001a) and the second assessment
(ATSDR 2002)?

* How well do the reports meet the charge of informing stakeholders, addressing
their concerns, identifying gaps in information?

* Is the recommendation to do no further public health activities related to the
accidents justified by the report?

In attempting to answer these questions we have organized the rest of the report as
follows: in the next section (section 5) we present what we hope is a readable summary
of the interpretation of the two accidents as made by ATSDR (ATSDR 2002) and we
contrast it with their original interpretation (ATSDR 2001a). We were surprised by the
discrepancies between the two. In Section 6 we discuss the uncertainties we have noted
in that picture and describe the ATSDR treatment of those uncertainties. The Public
Health Assessment presents its own, non-standard treatment of the literature on radiation-
induced health effects. We review this presentation in section 7. In section 8, we present
a summary of the results of our effort to recreate a portion of the ATSDR dosimetry
model as part of our test of the ATSDR findings. Despite public requests, ATSDR made
no attempt to estimate population doses, so in section 9, we provide some crude
illustrative examples for population doses in the region and globally. We summarize our
conclusions about the ATSDR effort in section 10. Technical details for sections 8 are
put into an Appendix. After preparation of our draft of this report we obtained some
further information about the 1965 accident (Peterson et al. 2002), and we provide some
additional discussion of accident conditions in a second Appendix.
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5.0 The story of the accidents and its interpretation as told in the ATSDR
consultation and assessment

What we are told about the accidents in the ATSDR reports is that there were two
accidental releases of tritium, at approximately 3:30 PM on January 21, 1965 and at
approximately 6:30 AM on August 6, 1970. As described in the ATSDR health
assessment (ATSDR 2002) the releases were entirely in the form of hydrogen gas. The
earlier health consultation (ATSDR 2001a) in its calculation effectively assumes that
99% of each release was in the form of hydrogen gas (HT) and 1% was in the form of
tritiated water vapor (HTO); the health consultation labels this a “conservative”
assumption consistent with the accident report by Myers et al. (1971) and comments that
there is evidence for conversion of HT to HTO through deposition to soil. We know little
about what caused the accidents or how they were dealt with - the ATSDR assessment
states that relevant DOE accident reports are not available or are still classified and we
are left with two draft environmental impact statements that say the following about the
two accidents:

January 21, 1965 - 350,000 Ci of tritium were released from building 331
and vented to the atmosphere through a 30 m stack. The accident was the

result of human error while working on a system containing °H gas under

pressure. Most of the *H remained as “H, gas rather than oxidizing to
tritiated water. Thus, no significant exposures or deposition occurred,
either on-site or off-site.

August 6, 1970- The failure of a component in a pressurized gas system
containing tritium resulted in the loss of 300,000 Ci of 3H2 to the
atmosphere through the 30 m stack at building 331 (DOE 1978, 1986).

For the 1970 accident an article by Myers et al. (1973) describes radiation measurements
taken in the immediate aftermath of the accident. It states that 289,000 Ci were released
and gives meteorological information, some of which was used by ATSDR in the
consultation and assessment (ATSDR 2001a, 2002). The health assessment (ATSDR
2002) concludes that “There are insufficient historical environmental sample data
available to adequately evaluate these past exposures. Consequently this evaluation will
use modeled data to determine past exposure concentrations.” (ATSDR 2002 p. iii) There
appear to be no available radiation measurements or meteorological information available
for the 1965 accident. The health consultation (ATSDR 2001a) uses default values in
their copy of the RASCAL model; this effectively applies a single, arbitrary weather
scenario to the accident. The health assessment (ATSDR 2002) identifies a most
common condition from a survey of local 1990-94 late January afternoon meteorological
data and uses that wind speed, direction, and atmospheric stability to develop dose
estimates.

The health consultation (ATSDR 2001a) and assessment (ATSDR 2002) now diverge in
their description of how people became exposed. The health consultation considers the
direct air exposure pathway most important. The idea is that after tritium was released in
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the accident the resulting radioactive cloud was carried and dispersed by the wind. People
could have inhaled the tritium over a 30-minute time frame (until the plume blew away).
Because water vapor is retained in the body, while hydrogen is immediately exhaled,
inhaled HTO gives radiation doses about 10,000 times the doses from the same amount
of HT. Consequently, the 1% of water vapor that is assumed by the consultation will
contribute practically all of the radiation dose. The consultation estimates air
concentrations of tritium at what it identifies as a maximum exposure location, at the site
boundary .5 mi downwind from the release, and it calculates doses for an adult who
inhales at standard rates that correspond to activity levels ranging from resting to
strenuous exercise. So calculated, the doses for the 1970 accident range from 1 to 8 mrem
(.01 - .08 mSv). Some uncertainty in these calculations is estimated quantitatively in the

consultation and the authors present 95"%ile values that range from 3 to 19 mrem (.03-
.19 mSv). The consultation asserts that similar calculations, using a hypothetical weather
default which it characterizes as “health protective”, give values of 1-4 mrem (.01-.04
mSv) for the 1965 accident. The consultation does not present risks corresponding to
those doses, nor does it attempt to calculate doses to a population. It asserts that “Based
on current peer-reviewed scientific literature, the one-time exposure to tritium resulting in
a committed effective dose of 19 mrem (.019 mSv) is not considered a public health
hazard nor are any adverse effects expected”.

The health assessment (ATSDR 2002) uses a different, more complicated pathway for
exposure. It assumes that all of the tritium was released as hydrogen gas and that a small
fraction of that was captured by soil and vegetation, converted to water vapor, and
released in that form back into the atmosphere. A second model was used to calculate
doses resulting from a person inhaling these soil releases assuming this time an average
mix of types of activities.

In the Health Assessment results are presented for doses to maximally exposed
individuals at distances of one mile and two miles downwind from the release. The adult
dose estimates for this pathway are 19 mrem (.19 mSv) at one mile and 8 mrem (.08
mSv) at two miles. Again some of the uncertainty is estimated quantitatively giving

95" %ile values of 50 mrem (.5 mSv) at one mile and 20 mrem (.2 mSv) at two miles.
The health assessment also provides estimates for doses to a child (approximately 5 years
old). Children’s lungs are smaller than adults, but they breathe more rapidly and their
bodies are smaller, so any amount of tritium inhaled is more concentrated in the body.
The combined effect of these differences is higher doses for the child when both the child
and the adult are in the same radioactive cloud. The child dose estimates from the
assessment are 46 mrem (.46 mSv) at one mile and 20 mrem (.2 mSv) at two miles; the

95" %ile confindence values are 130 and 50 mrem (1.3 and .5 mSv) respectively. The
health assessment also presents dose calculations for direct inhalation of the tritium as
hydrogen, a very small dose, and doses from ingestion of tritium contaminated food items
which they find to be approximately 1% of the inhaled water vapor doses.

For the 1965 accident, the health assessment treats the pathways for exposure in the same
way that it does the 1970 releases: as noted above, it assumes a representative set of
weather conditions drawn from sampling some 1990-94 weather data. The assessment



15

asserts that maximum doses from the 1965 release are expected to be lower than for the
1970 release. As with the health consultation, no quantitative estimates are made of doses
to populations, or of potential risks to individuals or populations. Both the consultation
and the assessment assert that the measurements reported by Myers et al (1973) support
the interpretation that the dose estimates are “conservative”.

Unlike the health consultation, the assessment devotes some attention to evidence of
tritium-caused health effects. Their review does not follow standard practice in assessing
the risks from exposures to low levels of radiation (as described, for instance, in the
ATSDR Toxicological Profile for Ionizing Radiation (ATSDR 1999), and the National
Academy of Sciences BEIR V report (NRC 1990)). They conclude:

All of the adverse health effects from exposures to tritium (or low-energy
external gamma radiation or x-rays) that we found in the medical literature
occurred at much higher levels than the exposure levels we estimated for
people living near the LLNL facility at the time of the accidental releases.
Therefore, we conclude that inhalation and ingestion of tritium from those
releases plus any chronic or long-term exposures were not public health
hazards. Specifically these releases are considered to be no apparent
health hazards which means that while some exposure probably did occur,
those exposures are not likely to produce adverse health effects and are
below levels of public health concern.

There is no interpretation or discussion in the health assessment of the differences
between the consultation and the assessment in assumptions, modeling approaches, or the
magnitude of the findings: The estimated doses to a maximally exposed individual in the
assessment are almost an order of magnitude higher than the estimated doses in the
consultation yet the consultation claimed that those dose estimates were “conservative”,
and they were for an individual only half as far from the release. One technical puzzle in
this comparison is that only about 0.2-.8% of the original amount of tritium released
appears in the re-released water vapor for the dose to people at one and two miles; this is
less than the 1% assumed to be water vapor in the consultation and seems hard to
reconcile with a much greater dose. The explanation is that the deposition and re-release
as water vapor keeps the HTO near the ground for more of its time in the close-in region
and thus it is much more available for breathing. But, the explanation is not immediately
obvious and should serve as a warning against assuming too quickly that a calculation is
“conservative”.

The concluding recommendations provided in both the consultation and the assessment
are based on the following argument: doses to a maximally exposed individual are small
compared to the doses seen in studies that observe health effects from radiation, doses to
other individuals are even smaller, and therefore there is nothing further to recommend in
the public health arena.
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6.0 Identification and discussion of the key uncertainties and missing topics in the
studies and how they were addressed by ATSDR

There are uncertainties in almost every step of the progression of events that led to
human exposures to tritium from the two accidents. It is often the case that a full list of
uncertainties gives the impression that it is impossible to know ‘the answer’, even
roughly. For this reason we would like to point out some of the limits within which we
are operating: The lower limit to the question at hand is that no one experienced any
health effects. This could be because no one inhaled or ingested any tritium or because
the random nature of the potential diseases resulted in no effect. We find it extremely
unlikely that no exposures occurred, but it is the least possible outcome. On the other
hand it could be that there were modest exposures and, because of randomness, no actual
health effects occurred. At the other extreme is the upper limit - the maximum exposure
scenario. This is what the authors claimed was presented in the exposure assessment, but
it should be noted that the extreme upper limit was not assessed”. One of the largest
uncertainties that we discuss below is the chemical form of the released tritium; if all of
the tritium coming out of the stack were tritiated water (HTO) the dose estimates would
be much higher than they are under the current assumption of mostly tritium gas (HT)
with some HTO evolving from soil oxidation’.

Within this broad range of possible outcomes we believe that there is a narrower range of
more likely outcomes; this range is defined by the uncertainties in the contributing
variables. We list them chronologically, give our perspective on them and briefly discuss
how the ATSDR dealt with each one.

* Causes of the accidents. As described in section 4.0 we know very little about
the series of events leading up to the accidents or how the accidents were
managed. These details are important to understanding the chemical form of the
released tritium (third bullet). They may also have implications for monitoring
and emergency response. To date there has been no publicly available
independent review of LLNL reports on the accidents by ATSDR or another
credible source.

e Amount of tritium released. Releases are stated in terms of kCi, 1000 Ci,
indicating that the actual amounts released are not known precisely. ATSDR does
not address this uncertainty (Myers et al (1973) state that 289 kCi were released in
1970 and ATSDR rounds this number up to 300 kCi, the number reported by the
DOE). Without fuller accident reports, we have no particular reason to believe
that the uncertainty is more than a few percent.

? John Gofman, the founder and former head of the LLNL biomedical department, has given an estimate
that the two accidents could have caused 60 deaths (Several 1987).

3 It seems very probable, in our view, that most or all of the tritium coming out of the stack was in the form
of hydrogen gas (HT). It should be noted, though, that standard practice for LLNL staff in the case of an
accidental release is to estimate doses to offsite populations with the assumption that tritium releases are
pure HTO, the extreme maximum exposure scenario.



17

* Chemical form of the released tritium. Tritium as a gas (HT) is less dangerous
than tritiated water vapor (HTO) because water is more likely to be retained by
the body once inhaled. The ICRP estimates that inhaled HTO is ~10,000 times
more damaging per unit of exposure than inhaled HT, as noted in the

consultation®. The short description of the 1965 event states that “most of the °H

remained as “H, gas rather than oxidizing to tritiated water” (DOE 1978),
indicating that some of the tritium in the plume may have been in the form of
tritiated water. The assessment (ATSDR 2002) assumes that all of the released
tritium was 3H2 gas, while the consultation (ATSDR 2001a) assumes that 1% was
water vapor. Dilute hydrogen oxidizes quite slowly in the atmosphere (Brown et
al. 1988). However, the immediate release conditions which involve a tritiated
hydrogen bubble mixed with air and significant amounts of energy and ions
available from radioactive decay are different and the possibility of more rapid
oxidation or even ignition should be assessed by ATSDR. As a back-of-the-
envelope estimate of how sensitive the model is to this uncertainty, consider the
possibility that 1% of the tritium plume was HTO: The assessment, assuming
100% HT, estimates a dose of 0.02 mrem for an adult 1 mile from the point of
release exposed to the plume for 30 minutes. This dose would be 2.02 mrem with
1% HTO, one hundred times the original estimate and ~10% of the estimated 12-
day dose from inhaled HTO re-emitted by the soil. Clearly this is an important
consideration and one with monitoring and emergency response implications”.

* Atmospheric dispersion of the HT plume. This category includes both
uncertainty in weather conditions and uncertainties in the model used to predict
plume dispersion from these conditions (RASCAL 3.0). Meteorological
information was available for 1970 but not 1965. Probable conditions for 1965
were drawn from 1990-1994 weather patterns for afternoons in late January.
There was an asymmetry in the times the weather was sampled since the accident
occurred closer to sunset than the midpoint of the sampling time. More
importantly, no information on the uncertainty in possible 1965 weather patterns

was developed since only one set of conditions (wind speed 2.4 m/s from 208°)
was used in the analysis. It should be possible to capture this uncertainty, for
example, defining the proximate endpoint as ‘number of houses in the close-in
plume’ and estimating the range of possible endpoints based on all observed wind
conditions for late January afternoons 1990-1994. From this a 95% confidence
interval of the number of exposed houses could be established. Variability in wind
patterns would not affect the ‘most exposed individual’ approach but would affect
population risk calculations. It is important to at least make an attempt at
answering the obvious question “how often does the wind blow over the most

* The ICRP may have placed this factor of difference at 25,000 in the past (Okada and Momoshima 1993)
and the current estimate of this factor is 10,000 (ICRP 2001).

> It is worth noting that the LLNL staff conduct preliminary offsite dose calculations for nonroutine
(accidental) tritium releases with the assumption that all of the tritium is in the oxide form (HTO) (DOE
1991). Under this extreme assumption the 30-minute plume inhalation dose would be 200 mrem and there
would be a further significant dose from deposition and re-emission.
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densely populated area on late January afternoons?” In contrast, variability in
stability can strongly affect the exposure to the most exposed individual since that
will determine how much dispersion there is in the plume.

The significance of uncertainties in stability class can be seen in the sometimes
contradictory discussions found in the two reports (ATSDR 2001a, ATSDR
2002). The default release conditions with neutral stability (Pasquill class D) are
described in the consultation as “health protective” defaults “which will result in
maximum transport with minimum dispersion”. Yet the concentrations and doses
are lower than those calculated for the 1970 accident which had a slightly lower
release and was assigned stability class B. The explanation is that at the close-in
distance of .5 mi the plume was so little dispersed that most of it remained well
above ground. At greater distances, the modeled exposures would be larg