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Comments by Richard Wilson on NRC-2012-0031-0002
Onsite Emergency Response Capabilities

The document on which comments have been requested is about the response of
licensees. I will address those, and then much more importantly address the response of the NRC
itself.

It has been said that “he who does not learn from history is condemned to repeat it. |
therefore applaud any NRC regulation and action that asks licensees to modify procedures in the
light of experience. This seems to be the purpose and thrust of the proposed regulations. The
questions which NRC ask those who comment to address are all sensible but they are not
fundamental enough.

There are two basic issues which NRC should have asked about. "Are the acceptable dose
limits sensible or should they be changed? " and "Is the decision process on such matters as
evacuation sensible or should it be changed? I argue that in each of these licensees should
IMMEDIATELY change their position as soon as an untoward event takes place which is
beyond normal operation. 1 fist address the issue of radiation exposure standards. I start with a
decision process Risk vs Risk and Risk vs Benefit. We all make such comparisons all the time
usually instinctively. In ordinary operation of a nuclear power plant it is cheap (in terms of
radiation per KW-hour) to keep the dose low. Why not do so when the alternative is not
expensive? The decision process is simpler if we ignore the alternates and depend only on
ALARA. But in an accident situation or indeed any situation which goes beyond the previously
instructions one should carefully consider alternate actions and perform a risk-risk or a risk-
benefit calculation. Ideally the elements of this should be clear in advance so that other political
pressures do not disturb an already difficult decision.

In particular the acceptable radiation standard should immediately be raised to 10 Rems
(0.1 Sv) per accident or 80 Rems (0.8 Sv) if engaging in life-saving actions or if one is an
Astronaut. By raising this automatically and immediately plant workers would be able to work
more efficiently at mitigating the consequences of any accident. This was eventually done at
Fukushima but there should have been no delay. The second feature that is important is that there
should be a hierarchy of experts on call in any untoward situation and the operators be allowed,
even ordered, to call them. At Three Mile Island, for example, the operators were out of their
depth as early as 4:30 am in an accident that started at 4 am. Yet the operators did not call their
supervisor until after the fatal shut down of the cavitating coolant pumps at about 5:40 am. As |
read the history of the Fukushima accident with a number of contradictory emails, and
responsible people "covering their asses" I am unclear what difference that would have made.
But almost certainly some.

In many organizations from JP Morgan downwards there is a post mortem after an
untoward event and the results of the post mortem used to guide the future. NRC could well



require that such a post-mortem be held by every licensee and the results be publicly available.
But nothing in the proposed regulations suggests that this be applied by NRC to its own actions,
whether collectively or individually by a commissioner or a staff member. Every organization
should of course do this. Typically it should hold a post mortem after a challenging event,
discuss went wrong and how to modify for the future. An admission of error if it occurred is
crucial and essential for future credibility. In many cases failure to admit error may lead to legal
liability.

In what follows I suggest that NRC lamentably failed to learn from an error in NRC
procedure just after the accident at Three Mile Island (TMI) in 1979. I start by explaining why I
know about the issue. I heard about the accident at approximately 11 am on the Wednesday,
alerted by a telephone call from Dr Robert Budnitz, then Director of Research at NRC. For the
next several days read what I could including the precise NRC press releases (which I note were
almost all ignored by the press). From the power company 1 also obtained the telephone number
of the TMI control room so [ was able to find out directly what they knew. As a result of my
knowledge and experience I was asked to head a small (3 person) unpaid committee to
recommend to the Governor what the Commonwealth should be doing, I attach a copy of that
report which include in an appendix a brief account of the accident. However we did not address
the following unfortunate action by an NRC employee which had unfortunate consequences, |
will call the NRC employee Dr X.

Any post mortem about TMI should show that there was almost certainly a hydrogen
explosion inside the containment soon after noon on Wednesday. It should also show that after
the coolant pumps were successfully restarted on the Wednesday evening that the basic problem
was over. Yet the action which I assert was very unfortunate took place about 11 am on the
Friday morning - 2 days later. The TMI operators noted that the pressure was rising in the
containment and decided to vent the steam to the environment. They chose a suitable time when
the wind was NOT blowing toward the city of Harrisburg. But a helicopter was overhead and the
passengers (probably newspaper reporters) noted a sudden pulse of radioactivity which was
reported to Dr X. Without any checking Dr X announced that he was recommending an
immediate evacuation. This was on the radio almost at once. Among the people who heard this
was the head of the Pennsylvania Department of radiation. He called the TMI control room (as |
did 1/2 hour later) and was told that there was nothing unusual. Since the Governor's telephone
line was busy he ran across Harrisburg to the Governor’s office. But the damage was done.
Governor 'Thomburgh was in a tight spot. He made a decision which was obvious for his own
political survival. He had to show that he was in charge and had to "do something". The
evacuation was partially ordered. He did not make a comparison of the effects on public health
of "evacuation" vs "no evacuation". The inevitable adverse consequence took place. The stress of
the evacuation took its toll. Although no numbers are in the Kemeny report, a member of the
Kemeny Commission Dr Jacob Fabrikant MD insisted that the adverse effects of stress be
mentioned and in many conversations thereafter Dr Fabrikant mentioned possible increases of



cancer up to 30%. There is of course huge uncertainty about this, but it seems certain that the
adverse effects on health of evacuation exceeded the increase of cancer rate due to exposure
CALCULATED to be less than one cancer. I can find no record in the NRC archives that the
NRC carried out the post mortem on its own actions at TMI. If they had, it seems to this
commentator inevitable that they would have incorporated into their own procedures a very
strong statement that in any accident situation evacuation be only suggested by NRC after a
comparison of the advantage of reduction of radiation exposure with the adverse effects of an
unnecessary evacuation.

The document on which I am commenting is on discussion and possible modification of
power company actions in the light of the Fukushima accident. As I discuss below the NRC
Chairman Dr Gregory Jaczko, was apparently unaware of the simple fact above that history
should have taught him, his colleagues and his staff. A simple analysis of the radiation measured
at Fukushima, such as I carried out, using publicly available data, showed small radiation doses
for the first few days until Tuesday March 16th and Wednesday March 17th when larger releases
occurred. Even then a simple calculation told me, and should have told him as follows:

(1) It was obviously not an emergency in the USA and NRC need not have said anything.

(2) It was unlikely that anyone in the public would get Acute Radiation Sickness, so that an
immediate action was not appropriate. Even if the event took place in the USA he should NOT
have suggested such an evacuation.

(3) Any friend of Japan should of course respond to a legitimate question from Japan. But to
recommend a 50 miles evacuation without such a formal request was inappropriate.

(4) This recommendation was repeated on Thursday morning and became a part of President
Obama's message to Japan and an executive order to US citizens in Japan on the Thursday
morning. After that many other actions took place. The president's recommendation was
obviously news. The US news media amplified it, as is their wont, and neither the reports nor the
letters editors were willing to explain that the measured doses did not justify such actions. The
Japanese politicians and media amplified the problem still further. It was out of NRC hands.
Interestingly, on the Wednesday night there was a meeting in the office of the head of DOE,
Secretary Chu, and the President's Science advisor and other distinguished scientists. It is an
open secret that President Obama had not discussed the matter with them.

In the document on which [ am commenting the NRC are basically asking industry to tell
them the results of an industry pro mortem. Very good. But I see no sign of such results among
the list of questions nor on the list of NRC documents. I suggest that it is a matter of urgency for
the NRC to carry out its own postmortem and to report to the public. I believe that any NRC post
mortem would find that:



(1) No one in the public or plant worker got acute radiation sickness. Historical data suggest that
evacuation can be delayed in such a case without much additional risk, and that gives the
advantage of time to develop a more thoughtful response.

(2) There is plenty of evidence to suggest that the US media will amplify any dramatic
suggestion by a US agency. This indeed was the case after Fukushima as it was after TMI. It was
amplified further by politicians in Japan and elsewhere with no NRC input.

(3) The effect on the Japanese public was very large. It seems clear that the evacuation caused
more harm than good. What should really happen in such a case?

-(4) The report of a post mortem should honest and be public. I note that neither the statement on
Wednesday 16th March nor the President Obama's statement on Thursday 17th March are
mentioned in the documents upon which [ comment. They are in the Federal Register but do not
appear in the "list VIII Available Supporting Documents." They should so appear.

(5) 1 suggest that all concerned should apologize deeply to the Japanese authorities and of lesser
importance to the colleagues and others in US who were misled by the unfortunate statements.

REFERENCES: 3 ATTACHMENTS

I recently published a requested review for physics teachers of the effects of radiation
upon people. This was to provide a guide to the tens of thousands of papers on the subject. It is
available at: "Resource Letter EIRLD-2: Effects of lonizing Radiation at Low Doses," Am. J.
Phys. 80(1); 2011 [DOI: 10.1119/1.3661997]. Also available on the web at:
hitp://physics.harvard.cdu/~wilson/publicaions/ppaper92 3. html or ppaper925.doc

Some detail of the discussion about Fukushima is available in a paper "Evacuation
Criteria" in "Dose Response” of which an electronic version has already been released to the
public. http://physics.harvard.edu/~wilson/publications/pp932.doc

And my "1980 Report of the Advisory panel to the Governor (Edward King) of Massachusetts
and cabinet Task force following the accident at Three Mile Island", R.Wilson (Chairman), G
Rathjens and S.Wiltshire (January 1980):
hitp://physics.harvard.cdu/-~wilson/publications/pp229cxira.pdf




(Key words: radiation, cancer, doses, ionizing radiation, risk)
AMERICAN JOURNAL OF PHYSICS
Resource Letter EIRLD-2: Effects of Ionizing Radiation at Low Doses
: Am. J. Phys. 80(1); 2011.
Richard Wilson

Harvard University, Cambridge, MA 02138
(Received 2 September 2011; accepted 27 October 201 1)

This Resource Letter provides a guide to the literature on the effects of ionizing radiation on people
at low doses. Journal articles, books and web pages are provided for the following: data at high dose
levels, effects of moderate to high doses (leukemia, solid cancer, lung cancer, childhood cancer and
non-cancer outcomes), effects of dose rate, relationship to background, supra linearity and hormesis,
and policy implications. ©2011 American Association of Physics Teachers. [DOI: 10.1119/1.3661997]

Introduction

That ionizing radiation can have serious adverse effects on people was obvious to the first
experimenters 110 years ago. The primary use of radiation was in the medical profession. The
advantages of using an X ray for diagnosis is so great that the advantages outweighed the
disadvantages. It took 50 years for the medical profession to realize that the disadvantages could be
dramatically reduced (100 fold) by careful measurement and wise use of technology. This was the
province of the new discipline of medical physics including radiation protection. There exist data on
effects of high levels of radiation from excessive medical exposures, unwise use of radiation in
treatment, and since 1945 from the effects of the atomic bombs at Hiroshima and Nagasaki and the
effects of nuclear-power accidents at Three Mile Island, Chernobyl and Fukushima. This Resource
Letter will mostly address what we can discern from direct epidemiological measurements upon
people. There are a large number of references to data on the effects of radiation at high doses.
These are mostly in books and compilations (refs. 1-37).

I. Journals are listed in the following order. General journals, Cancer and Environment journals,
and Radiation specific journals. Many of the most important results are published in the general
journals, but detail is usually found in the radiation-specific journals:

General

Nature

Lancet

Science

American Journal of Epidemiology

Journal of the American Medical Association
British Medical Journal

Cancer and Environment

Cancer Research



New England Journal of Medicine

Science of the Total Environment

Journal of the National Cancer Institute

Journal of Radioanalytical and Nuclear Chemistry

Radiation Specific journals

Applied Radiation and Isotopes

Health Physics

International Journal of Radiation Biology
Journal of Environmental Radioactivity
Radiation and Risk (from Obninsk, Russia)

Radiation Protection

Radiation and Environmental Biophysics
Radiation Research

I1. Books and Major Compilations

Of the six books listed, the first is intended for physicians. Nonetheless, there is a lot of physics
therein, and all can be read by physicists with great profit. The second is the classic text and the third
a more recent text on radiation protection.

1. Medical Effects of lonizing Radiation, edited by F.A. Mettler and A. C. Upton, 3rd edition
(W.B. Saunders, Philadelphia, 2008). (I)

2. Principles of Radiation Protection, K.Z. Morgan and J.E. Turner (Wiley, New York, 1967).
(E)

3. Radiation Protection: a Guide for Scientists and Physicians, J. Shapiro, 4th edition
(Harvard University Press, Cambridge, MA, 2002). (E)

4. Radiation Carcinogenesis: Epidemiology and Biological Significance, J.D. Boice, Jr., and
J.F. Fraumeni, Jr. (Raven Press, New York, NY, 1984). (I)

5. Health Effects of Low-Level Radiation, S. Kondo. (Kinki University Press, Osaka, Japan,
1993). (E)

6. Health Effects of Exposure to Low-Level Radiation, edited by W.R. Hendee and F.M.
Edwards (Institute of Physics Publishing, Bristol, UK, 1996). (E)

The reports of the United Nations Scientific Committee on the Effects of Atomic Radiation
(abbreviated and pronounced UNSCEAR) are voluminous. They include reports on exposures from
many countries and a summary of much of the scientific literature. Although in general the reader
should look at the latest report first, they are not completely repetitive and earlier volumes contain -
some information not present in the later ones. In addition, a study of the changes helps the reader to
follow the changes in scientific understanding.

7. Sources and Effects of Ionizing Radiation, Report of the United Nations Scientific Committee
on the Effects of Atomic Radiation. United Nations, General Assembly Official Records: 13th



Session, Suppl. 17 (A/3838), (UNSCEAR, 1958). (I)

8. Effects of Atomic Radiation, United Nations Scientific Committee on the Sources and Effects
of Ionizing Radiation, Report E. 77. (UNSCEAR, 1977). (I)

9. Atomic Radiation Sources and Biological Effects of Ionizing Radiation, United Nations
Scientific Committee on the Effects of lonizing Radiation, Report to the General Assembly,
United Nations, New York. (UNSCEAR, 1982). (I)

10. Genetic and Somatic Effects of lonizing Radiation, United Nations Scientific Committee on
the Effects of Atomic Radiation, Report to the General Assembly, with Annexes. United
Nations, New York. (UNSCEAR, 1986). (I)

11. Sources, Effects, and Risks of lonizing Radiation, , United Nations Scientific Committee on
the Effects of Ionizing Radiation, Report to the General Assembly, United Nations, New York.
(UNSCEAR, 1988). (I)

12. Sources and Effects of Ionizing Radiation, United Nations Scientific Committee on the
Effects of Atomic Radiation, Report to the General Assembly, including annexes, United
Nations, New York. (UNSCEAR, 1993). (I)

13. Sources and Effects of Ionizing Radiation, United Nations Scientific Committee on the
Effects of Atomic Radiation, Report to the General Assembly, with scientific annexes, United
Nations Sales Publication E.94.1X.11, United Nations, New York. (UNSCEAR, 1994). (I)

14. Sources and Effects of Ionizing Radiation, United Nations Scientific Committee on the
Effects of Atomic Radiation, Report to the General Assembly, with scientific annexes, United
Nations Sales Publication E.08.1X.6, United Nations, New York. (UNSCEAR, 2006). (I)

15. Sources and Effects of Ionizing Radiation, United Nations Scientific Committee on the
Effects of Atomic Radiation, Report to the General Assembly, with scientific annexes, United
Nations Sales Publication E.10.XI.3, United Nations, New York. (UNSCEAR, 2008). (I)

The U.S. National Academy of Sciences has a Committee on the Biological Effects of Ionizing
Radiation (abbreviated and pronounced BEIR) that regularly surveys the literature on the effects of
ionizing radiation. In contrast to the UNSCEAR reports, which are mainly a compilation of data,
BEIR reports are judgmental.

16. The effects on populations of exposure to low levels of ionizing radiation, Report of the
Advisory Committee on the Biological Effects of Ionizing Radiations (BEIR 1972) (National
Academy Press, Washington, D.C., 1972). (I)

17. The effects on populations of exposure to low levels of ionizing radiation (BEIR III 1980)
(National Academy Press, Washington, D.C., 1980). (I)

18. Health Risks of Radon and Other Internally Deposited Alpha Emitters (BEIR IV) (National
Academy Press, Washington, D.C., 1988). (I)

19. Health Effects of Exposure to Low Levels of Ionizing Radlatlon (BEIR V, 1990) (National
Academy Press, Washington, D.C., 1990). (I)

20. Health Effects of Exposure to Low Levels of lonizing. Radiation Health Effects of Exposure
to Indoor Radon (BEIR VI, 1999) (National Academy Press, Washington, D.C., 1999). (I)

21. Health Effects of Exposure to Low Levels of lonizing Radiation (BEIR VII phase 2, 1996)
(National Academy Press, Washington, D.C., 1996). (I)

The National Council of Radiological Protection and Measurements (NCRPM) has produced over
100 reports. Most are too detailed to be of general interest, but I list the following particularly useful



ones here.

22. Influence of Dose and Its Distribution in Time on Dose-Relationships for Low-LET
Radiation, National Council on Radiation Protection and Measurements, Report No. 64
(NCRPM, Bethesda, MD, 1980). (I)

23. Evaluation of Occupational and Environmental Exposures to Radon and Radon Daughters in
the United States, National Council on Radiation Protection and Measurements, Report No. 78
(NCRPM, Bethesda, MD, 1984). (I)

24. Induction of Thyroid Cancer by lonizing Radiation, National Council on Radiation
Protection and Measurements, Report No. 80 (NCRPM, Bethesda, MD, 1985). (1)

25. lonizing Radiation Exposure of the Population of the US, National Council on Radiation
Protection and Measurements, Report No. 93 (NCRPM, Bethesda, MD, 1987). (E)

26. Exposure of the Population of the US and Canada from Natural Background Radiation,
National Council on Radiation Protection and Measurements, Report 94 (NCRPM Bethesda,
MD, 1987). ()

27. Risk Estimates for Radiation Protection, National Council on Radiation Protection and
Measurements, Report No. 115 (NCRPM), Bethesda, MD, 1994). (E)

28. Research Needs for Radiation Protection, National Council on Radiation Protection and
Measurements, Report No.117 (NCRPM, Bethesda, MD, 1993). (E)

29. Principles and Application of Collective Dose in Radiation Protection, National Council on
Radiation Protection and Measurements, Report No. 121 (NCRPM, Bethesda, MD, 1995). (E)
30. Sources and Magnitude of Occupational and Public Exposures from Nuclear Medicine
Procedures, National Council on Radiation Protection and Measurements, Report No. 124
(NCRPM, Bethesda, MD, 1996). (E)

31. Uncertainties in Fatal Cancer Risk Estimates Used in Radiation Protection, National Council
on Radiation Protection and Measurements, Report No. 126 (NCRPM, Bethesda, MD, 1997). (E)
32. Management of Terrorist Events involving Radioactive Materials, National Council on
Radiation Protection and Measurements, Report No. 138 (NCRPM, Bethesda, MD, 2001). (E)

International Commission on Radiological Protection (ICRP). Although no specific reports are
referred to here, this commission, started in 1928, issues many reports. There are also a number of
books written by authors who think that effects of radiation are grossly underestimated. One of these
by Gofman is in section F number 98.

II1. Conference Proceedings

The International Atomic Energy Agency, a UN agency set up to promote peaceful uses of nuclear
energy, and more recently to monitor (and aid in controlling) military uses, regularly holds
conferences and issues a number of reports. The conference on low doses of radiation is particularly
important since it contains reports from a number of people with divergent views.

33. International Conference: One decade after Chernobyl: Summing up the consequences of the
accident, International Atomic Energy Agency, Vienna (1996). (E)

34. International Conference: Low Doses of lonizing Radiation: Biological Effects and
Regulatory Control, International Atomic Energy Agency, Vienna, IAEA-TECDOC-976,
IAEA-CN-67/63, 223-226 (1997). (I)



35. “Chernobyl, 10 Years After: Health Consequences,” Epidemiologic Reviews 19(2), (1997).
(E)

36. Catalogue of studies on human health effects of the Chernobyl accident: 1995 update. In:
WHO European Center for Environment and Health. Rome, Italy: World Health Organization
(1995). (I)

37. “Radiation Research: State of the Service Science Twenty Years after Chernobyl,” American
Statistical Association Conference on Radiation and Health, Radiation Research 167, 338-360
(2007). (A)

One crucial feature of the data is that radiation does not seem to cause any medical or biological
effect that cannot also occur naturally. It merely increases the probability of the effect. This fact is
very important both for understanding possible dose-response curves and for deciding what if
anything to do about radiation at low doses. It also leads us to ask a general question. Does radiation
add an additional probability of developing cancer (an absolute-risk model) or does it multiply the
probability that is there from natural or other causes (a relative-risk model). Although both are
discussed in all the BEIR reports, it is noteworthy that the emphasis has changed from the absolute
risk model in BEIR 1 (1970) to the relative risk model in BEIR III, BEIR V and BEIR VII.

IV. Websites

38. http://www.rerf jp/index_e.html

Radiation Effect Research Foundation successor to the Atomic Bomb Casualty Committee
(ABCC) with numerous reports.

39. hitp://www.iaca,or.at/ International Atomic Energy Agency (IAEA).

40. http://www hpa.org.uk/Publications/Radiation/HPARPDScriesReports/

Radiation Protection Division of the Health Protection Agency (HPARPI) is the successor to the
National Radiological Protection Board (NPRB) in the UK.

41, http://www.elsevier.conywps/find/homepage.cws_home

42. http:/www nerponlinc.org/

These sites all have information on important reports and papers on radiation from RERF, IAEA,
NRPB/HPARPD, ICRP and NCRPM respectively. Some of the more recent can be downloaded.
43. http:/Awvww.new.ans.org/pifresources/dosechart/

The American Nuclear Society maintains this interactive webpage so that anyone may estimate
his or her integrated dose. The author’s dose in the previous 12 months was 2.4 Rems (0.024 Sv)
mainly due to medical exposures.

V. What is the effect at moderate to high doses?

44, “Hazards of lonizing Radiation: 100 Years of Observations on Man,” R. Doll, Br. J. Cancer
72, 1339-1349 (1995). This very important review paper by the leading epidemiologist Sir
Richard Doll discusses the effects that one might expect from general biological principles and
the general status of the field. It is a good start to studying the subject. He asks several questions:
(1) Does radiation exposure lead to cancer? (2) Does radiation exposure lead to heart disease?
(3) Does radiation exposure lead to other diseases? (4) Does radiation exposure lead to genetic
anomalies passed to following generations? (5) Does radiation exposure lead to birth defects?



Most of the studies address only (1) cancer, and the data do indeed suggest that cancer induction is
the dominant adverse effect of radiation. The data are better than for the other outcomes largely
because the observed effects are greater. Several groups of radiation-induced cancer can be
distinguished with different characteristics.

A. Leukemia

Although there have been studies of the effects of radiation on people for 100 years, the most
important are the studies of the consequences of the Hiroshima and Nagasaki atomic bombs. This
study of the survivors has involved many good scientists, and considerable effort and expense. The
exposures occurred over 66 years ago, but an increase in cancers over that expected in the general
population is still occurring. Therefore, the most recent of these papers are the important ones to
read. In addition, the radiation dose to which the population was exposed is uncertain. It was derived
from measurements at other (similar) explosions, and for the neutron dose by measuring long-lived
neutron induced, radioactivity in the region.

45, ”Studies of the Mortality of Atomic Bomb Survivors Report 12, Part I. Cancer: 1950-1990,”
D.A. Pierce, Y. Shimizu, D.L. Preston, M. Vaeth, and K. Mabuchi, Radiation Research 146, 1-27
(1996). ()

Leukemia was the first cancer to be noticed in the atomic-bomb survivors. Leukemias began to
appear 5 years after the exposure and continued to appear for another 20 years, after which the
number of leukemias (almost) ceased. Radiation induces leukemias more readily than other cancers.
Therefore, leukemias are often considered to be a "marker"” for radiation effects. But the variation
with age is clearly in great contrast to that of the "solid" cancers, and at old age even an "absolute-
risk" model would over predict the number of leukemias.

A small increase of leukemia has been seen in children of workers near nuclear sites such as
Sellafield (U.K.) and Douneray (U.K..). Although statistical significant, it is hard to reconcile the
numbers with the measured doses. Reference 46 reviews the data. Kinlen found a bigger effect at
Glenrothes new town north of Edinburgh (which has no nuclear facilities), and postulates that the
observed effect is a viral effect of a new population.

46, “Epidemiologic Studies of Leukemia among Persons under 25 Years of Age Living Near
Nuclear Sites,” D. Laurier and D. Bard, Epidemiologic Reviews 21(2), 188-206 (1999). (E)

47. “Evidence for an Infective Cause of Childhood Leukemia: Comparison of a Scottish New
Town with Nuclear Reprocessing Sites in Britain,” L. Kinlen, The Lancet 332(8624), 1323-1327
(1988).

B. Solid Cancers (other than lung)

Also in reference 45 are data on cancers in tissues of the body (other than those connected with
blood), hereinafter called solid cancers. These do not appear until 20 years after the exposure and
have continued to appear for 50 years. The increase of cancer with radiation dose seems to
follow a "Relative-Risk" pattern whereby the risk, after the latent period of 20 years, is increased



by a constant fraction relative to the background at that age.

48. “Solid Cancer Incidence among the Chernobyl Emergency Workers Residing in Russia:
Estimation of Radiation Risks,” V.K. Ivanov, A.l. Gorski, A.F. Tsyb, S.I. Ivanov, R.N.
Naumenko and L.V. Ivanova, Radiation and Environmental Biophysics 43, 35-42 (2004). (I)

For the considered dose interval (1-300 mSv) and for the period 1991-2001, the spontaneous
incidence rate of solid cancer among emergency workers agrees, within confidence intervals,
with that for the general Russian population. The presented estimates of radiation risk should be
treated as preliminary because the follow-up period is rather short and the number of cases
considered in the analysis is relatively small.

49. “The Chernobyl Disaster: Cancer following the Accident at the Chernobyl Nuclear Power
Plant,” M. Hatch, E. Ron, A. Bouville, L. Zablotska and G. Howe, Epidemiologic Reviews 27,
56-66 (2005). (E)

C. Lung Cancers

Lung cancers have a special place because the lung is also the point of entry for a major exposure
route. One of the surprises of the atomic age (i.e. since 1945) was that an excess of lung cancers
appeared among uranium miners. In some of the early studies, they seemed to appear only among
Caucasian miners and not among native Americans (Indians). There was some speculation of a racial
difference in sensitivity. This speculation was rejected and the data somewhat resolved by further
follow up, but also by the observation that there are fewer tobacco smokers among the Indian miners.
Most analysts have assumed that the lung cancers are due to radon rather than to any other pollution
in the mines (dust, etc.) although there is still room to question this. The main concern is that inhaled
particles or radionuclides might cause lung cancer. For example, radon gas in uranium mines
produces lung cancers by alpha particle irradiation to the lung. This is reviewed in references 18
(BEIR 1V, 1988) and 23 (NCRPM, 1984).

The work in the following paper summarizes the evidence for the idea that radiation is synergistic
with tobacco smoking, in that the effects multiply and do not merely add. This makes some intuitive
sense since both smoke and radiation are highly irritant to the lung tissue. This idea can therefore be
used to guide the questions that are asked of the data at low doses.

50. “Lung Cancer Mortality Among U.S. Uranium Miners: a Reappraisal,” A.S. Whittemore and
A McMillan, Journal of the National Cancer Institute 71, 489-499 (1983). (I)

D. Childhood Cancers

Children in the age group 0-8 seem to develop leukemia naturally at a greater probability than
children and adults a little older. It is usually accepted that these leukemias are caused by something
that happened in utero. In the period 1940-1970 it was common to give an X ray to pregnant women
to identify any problems with the infant fetus. This gave doses to the fetus approaching | Rem. This
classic study (the Oxford study) showed that the probability of developing childhood leukemia
increased with the number of X rays.



51. “Radiation Dose Effects in Relation to Obstetric X rays and Childhood Cancers,” A. Stewart
and G.W. Kneale, Lancet 295, 1185-88 (1970). (E)

52. “Cancer Mortality Among Atomic Bomb Survivors Exposed in utero or as Young Children
(1950-1992),” R.R. DeLongchamps, K. Mabuchi, Y. Yamamoto and D.L. Preston, Radiation
Research 147, 385-395 (1997). (E)

53. “Risk of Childhood Cancer from Fetal Irradiation,” R. Doll and R. Wakeford, Br. J. Radiol.
70, 130-139 (1997). ()

54. “Childhood Leukemia in Belarus Prior and After the Chernobyl accident,” E. P. Ivanov, G.V.
Tolochko, L.P. Shuvaeva, S. Becker, E, Nikolla, and A.M. Kellerer. Radiat. Envir. Biophys 35,
75-80 (1996).(E)

The Chernobyl accident is now 25 years old and childhood cancers (leukemias, reference 54, and
thyroid, references 56 and 57) should have been seen within a few years. The lack of leukemias in
the general population is consistent with a linear extrapolation from higher doses. Although the idea
that X rays increase leukemia is generally accepted, it is still possible that causality works in the
other direction, and that the reason for the X rays was a medical problem associated in some way
with a latent leukemia. For that reason it is especially interesting to look at the pregnant women who
were exposed at Hiroshima or at a radiation accident such as at Chernobyl. A small effect is seen. It
is not larger than and could be smaller than the effect suggested by Stewart and Kneale (ref. 51).

55. “Leukemia Following the Chernobyl Accident,” G.R. Howe, Health Physics Society 93(5),
512-515 (2007). (A)

56. “Chernobyl-Related Thyroid Cancer in Children of Belarus: A Case-Control Study,” L.N.
Astakhova, L.R. Anspaugh, G.W. Beebe, A. Bouville, V.V. Drozdovitch, V. Garber, Y.I.
Gavrilin, V.T. Khrouch, A.V. Kuvshinnikov, Y.N. Kuzmenkov, V.P. Minenko, K.V. Moschik,
A.S. Nalivko, J. Robbins, E.V. Shemiakina, S. Shinkarev, S.I. Tochitskaya and M.A. Waclawiw,
Rad. Research 150, 349-356 (1998). (1)

The childhood thyroid cancers from Chernobyl, while mostly non-fatal are numerous. They were a
surprise although in retrospect they should not have been.

57. “Risk of Thyroid Cancer after exposure to 1311 in Childhood,” Journal of the National
Cancer Institute 97(10), 724-732 (2005). (E)

58. “Thyroid Cancers 60 years after Hiroshima and 20 years after Chernobyl,” John Boice,
Journal of the American Medical Association (JAMA) 295(9), 1061-1062 (2006). (E)

59. “Radiation-induced Thyroid Cancer — What’s New?,” J.D. Boice, Journal of the National
Cancer Institute 97(10), 703-705 (2005). (1)

E. Medical Exposures

It might be expected that people already being treated with radiation would be examined more
carefully than others. This makes a study of such patients particularly interesting. The following
studies are typical. They are often interpreted as consistent with a linear dose-response relationship
with a usual slope. But they can also be interpreted as showing evidence for a threshold. The



increase of heart problems after treatment for Hodgkin’s disease is a particularly interesting (and
troubling) effect.

60. “Mortality from Breast Cancer After [rradiation During Fluoroscopic Examination in Patients
Being Treated for Tuberculosis”, A.B. Miller, G.R. Howe, G.J. Sherman, J.P. Lindsay, M.J.
Yaffe, P.J. Dinner, H.A. Risch, and D.L. Preston, N. Engl. J. Med. 321, 1285-1289 (1989). (I)
61. “Radiation Induced Cancer and Leukemia Risk in Patients Treated for Cancer of the Cervix,”
J.D. Boice, M. Blettener, R.A. Kleneman, J. Nat. Cancer Inst. 79,1295-1311 (1987). ()

62. “An Affair of the Heart,” J.D. Boice, Journal of the National Cancer Institute 99(3):185-187
(2007). (D)

F. The Other Outcomes

Shimuzu et al. (ref. 63) found an increase in several other medical outcomes as a result of the lower
levels of exposure. In particular, heart disease appears with a frequency about one third of the
frequency of cancer. Boice (ref. 62) and references therein discuss how radiation for cancer
treatment can cause cardiac problems.

63. “Studies of the mortality of A bomb survivors: non cancer mortality based upon revised
doses DS86,” Y. Shimuzu, H.Kato, W.J. Schull and D.G. Hoel, Radiation Research 130, 249-266
(1992). (1)

64. “Cardiac Exposure in Breast Cancer Radiotherapy: 1950s-1990s,” C.W. Taylor, A. Nisbet, P.
McGale and S.C. Darby, International Journal of Radiation Oncology, Biology and Physics
69(5), 1484-1495 (2007). (D)

65. “Cardiac Dose from Tangential Breast Cancer Radiotherapy in the Year 2006,” C.W. Taylor,
J.M. Povall, A. Nisbet, P. McGale, D. Dodwell, J.T. Smith and S.C. Darby, International Journal
of Radiation Oncology, Biology and Physics 72(2), 501-507 (2008). (I)

Careful search has been made in the Radiation Effects Research Foundation (RERF, ref. 38) data for
genetic effects, which are so often portrayed in science fiction as dominant effects of radiation.
Reference 66 shows that they are very small. Statistically significant effects are not observed.

66. "The Children of Parents Exposed to Atomic Bombs: Estimates of the Genetic Doubling
Doses of Radiation for Humans," J.V.Neel, W.J. Schull, A.A. Awa, C. Satoh, H. Kato, M. Otake,
and Y. Yoshimoto, Amer. J. Human. Genet. 46, 1053-1072 (1990). (A)

One statistically significant non cancer effect has been found in the RERF data on children whose
parents were irradiated while they were in utero. Those whose parents were exposed within 1500 m
of the hypocenter of the Hiroshima bomb were on average 2.25 cm shorter, 3 kg lighterand 1.1 cm
smaller in head circumference than those exposed farther away. This has not been seen in other data
sets although there seems to have been no careful look.

67. “The Growth and Development of Children Exposed in utero to the Atomic Bombs in
Hiroshima and Nagasaki,” J.W. Wood, R.J. Hoehn, S. Kawamoto and K.G. Johnson, Amer. J.
Public Health 57, 1374-1380 (1967). (A)



Another effect that is perhaps associated with or a consequence of the reduction in head size is a
statistically significant reduction in Intelligence Quotient (IQ) among children exposed in utero. In
other cases, there is severe mental retardation. Although these effects are generally believed to have
a threshold, the data on reduction in IQ are consistent with a linear relationship between reduction
and dose.

68. "Threshold for Radiation-Related Severe Mental Retardation in Prenatally Exposed A-bomb
Survivors: a Reanalysis," M. Otake, M.J. Schull and Lees Brit, J. Radiation Biology 70(6),
755-763 (1996). (A)

Y. The Effects of Dose Rate

From general principles one might guess that a high radiation dose given at a low rate over a period
of years might have a different (probably smaller) effect them the same dose given in a short time,
although the very use of a total dose summed over a long time period, of the order of a lifetime
implies that the difference is unlikely to be large. Data from exposures of laboratory animals to
radiation at varying rates shows that there is a reduction in cancers (for the same total dose) at low
dose rates. A Dose Rate Reduction Factor (DRRF) is usually introduced to describe this. The
following papers can be used to address this directly.

69. “Cancer Mortality Among Techa River Residents and Their Offspring,” M.M. Kossenko,
Health Physics 71, 77-82, (1996). (E)

70. “Issues in the Comparison of Risk Estimates for the Population in the Techa River Region
and Atomic Bomb Survivors,” M.M. Kossenko, M.O. Degteva, O.V. Vyushkova, D.L. Preston,
-K. Mabuchi and V.P. Kozheurov, Radiation Research 148, 54-63 (1997). (I)

71. “Studies on the Extended Techa River Cohort: Cancer Risk Estimation,” M.M. Kossenko,
D.L. Preston, L.Y. Krestinina, M.O. Degteva, N.V. Startsev, T. Thomas, V.P. Vyushkova, L.R.
Anspaugh, B.A. Napier and V.P. Kozheurov, Radiation and Environmental Biophysics 41(1),
45-48 (2002). (I)

72. “Protracted Radiation Exposure and Cancer Mortality in the Techa River Cohort,” L.Y.
Krestinina, D.L. Preston, E.V. Ostroumova, M.O. Degteva, E. Ron, O.V. Vyushkova, N.V.
Startsev, M.M. Kossenko and A.V. Akleyev, Radiation Research 164(5), 602-611 (2005). (E)

In 1955-56 radionuclides spilled from the reservoir in Lake Karachay into the Techa River in the
Ural Mountains, Russian Federation. Villagers drank the water and ingested many radionuclides. For
40 years the health of 30,000 villagers around the Techa River has been studied. The exposures were
mostly internal exposure from the bone seeker strontium 90. The doses can be moderately well
determined by subsequent examination of radioactivity of teeth and other bones. This then enables a
bone-marrow dose to be determined, which is the appropriate organ dose for describing leukemia
incidence. In contrast, the "solid" cancers depend upon external doses which are far less well
determined. There are fewer leukemias than suggested from a linear plot from the Hiroshima-
Nagasaki data. This could be a DRRF of 3 with a large error band from 2 to 6 or a quadratic
relationship of effect with dose. The dose-rate reduction factor for solid cancers is about 1 with a
much larger error band.



72. "Radiation Doses and Cancer," A. Shlyakhter and R. Wilson, Nature 350, 25 (1991). (E)

For many years it had been rumored that the workers at the MAY AK atomic bomb plant in the Urals
received large radiation doses. Attempts from western countries to discover what they were fruitless
until 1991 when a description was published in Russian in the journal Priroda. In this paper, these
data are discussed and show that the cancer rate was less than suggested by the Japanese atomic-
bomb data by a Dose Rate Reduction Factor of about 3.

73. "Verification of Occupational Doses at the First Nuclear Plant in the Former Soviet Union,"
A. A. Romanyuka, D. Regulla, E. K. Vasilenko, A. Wierser, E.G. Drozhko, A. F. Lyzlov, N. A.
Koshurnikova, N. S. Shilnikova and A. P. Panfilov, Appl. Radiat. Isot. 47(11-12), 1277-1280
(1996). (A)

74. "Mortality Among Workers with Chronic Radiation Sickness," N. S. Shilnikova, N. A.
Koshurnikova, M. G. Bolotnikova, N. R. Kabirova, V. V. Kreslov, A F. Lyzlov and P. O.
Okatenko, Health Physics 71(1), 86-89 (1996). (A)

The doses to the MAY AK workers are in principle well determined by personal monitors. Personal
monitors ¢ven at that early date were reliable in the USA. In principle it should be possible to
determine a dose-rate reduction factor both for leukemia and for the principal solid cancers.

75. “Lung Cancer in Radiochemical Industry Workers,” V. Hohryakov and S. Romanov, The
Science of the Total Environment 142, 25-28, Elsevier Science B.V. (1994). (A)

76. “Cancer Mortality Risk among Workers at the Mayak Nuclear Complex,” N.S. Shilnikova,
D.L. Preston, E. Ron, E.S. Gilbert, E.K. Vassilenko, S.A. Romanov, 1.S. Kuznetsova, M.E.
Sokolnikov, P.V. Okatenko, V.V. Kreslov and N.A. Koshurnikova, Radiation Research 159, 787-
798 (2003). (A)

An interesting subsidiary set of data comes from the MAY AK workers. This is because the workers
were exposed to plutonium by inhalation and might be expected to develop lung cancer in the same
way that uranium miners develop lung cancer from uranium. These are the only group of workers in
the world exposed to plutonium (239 mostly) at doses high enough to have an appreciable incidence
of lung cancer. While the first studies suggested that the dose-response relationship is quadratic with
dose (in qualitative agreement with animal data) and therefore a low dose effect approaching zero
seemed to make sense, a more careful look at the data suggests that a linear dose-response
relationship fits the data better. However the doses are not low and a threshold or reduced effect at
low doses is possible.

77. "Estimated Long Term Health Effects of the Chernobyl Accident," E. Cardis, G. Anspaugh,
V.K. Ivanov, presented to the IAEA Conference: One Decade after Chernobyl: Summing up the
Consequences of the Accident, International Atomic Energy Agency, Vienna (1996). (E)

VI. Low and Very Low Doses

A. The one-hit theory

The physicist Jeffrey Crowther produced the first theory of radiation-induced cancer of which this



author is aware. The idea is that when a cell was ionized by radiation it would initiate a cancer. The
probability of ionizing a cell in a given time is clearly proportional to the radiation intensity and
hence one gets a theory that cancer induction is linear with dose even at low doses. But this theory in
its simplest form cannot be true. Cosmic rays and background radiation ionize millions of cells every
day and yet lifetime cancer incidence is only about 30% in the U.S. population. Other effects must
modify this idea drastically. Cells can be repaired; they can be excreted without leading to a cancer,
and so on. Whether cancer incidence is linear with dose depends therefore on whether these
important mechanisms are constant with dose or otherwise. The concept that even small amounts of
radiation can induce cancer is deeply embedded in the public consciousness and influences public
policy and legal actions. It is often called the One-Hit Theory. This claim cannot be tested directly
and remains an unprovable hypothesis. But it is vitally important to realize that the inverse is
demonstrably false. Every ionization of a cell does not lead to a cancer. It becomes necessary to
discuss what is the lowest level that is known to cause increases in cancer.

B. What is low dose?

The concept of what constitutes a low dose changed after 1945. A typical chest X ray gave a dose of
1 Rem (0.01 Sv) and at least one jurisdiction (UK) went as far as to propose mandating such an X
ray every year. (The bill died in the House of Lords because of the objections of the physicist Lord
Cherwell.) In contrast, in 1987 a proposal of the U.S. Nuclear Regulatory Commission to call a
radiation exposure that gave no more than 1 milliRem (0.00001 Sv) to any person “Below
Regulatory Concern" was withdrawn after some vocal public opposition. Yet natural background
exposures are a few hundred milliRems or 100 times this amount. Thus "low dose" now means doses
as low as background dose, and usually well below background dose.

C. Variation of Cancer Incidence with Background Exposure

One way of attempting to understand the effect of radiation on people at low doses is to understand
the variation of cancer mortality with natural radiation exposure. In many studies cancer mortality
seems to be lower in areas with high radiation dose.

78. "Altitude, Radiation, and Mortality from Cancer and Heart Disease," C.R. Weinberg, K.G.
Brown, and D.G. Hoel, Radiat. Res. 112, 381-390 (1987). (E)

79. "Natural Background Radiation and Cancer Death in Rocky Mountain States and Gulf Coast
States," J. Jagger, Health Physics 75(4), 428-430 (1998). (E)

The radiation levels in the Rocky Mountain States are higher than in the Gulf States, yet the cancer
rate is lower. This effect may be seen throughout the U.S. and Canada (see ref. 26), but confounding
factors may exist. Many Mormons who live in Utah and mountain states do not smoke or drink
alcohol or coffee and seem to have half the cancer rate of their non-Mormon neighbors. In New
Jersey there also is much (presumably polluting) industry. Thus many analysts conclude that the only
fact of importance from these studies of geographical variation is that radiation at these levels (a few
hundred milliRems per year or 10 to 20 Rems per lifetime) is not an important factor in developing
human cancers compared to other factors.

High background radiation in China does not seem to lead to high cancer rates. It is unclear how



much this is due to lifestyle factors or other pollutant effects.

80. "High Background Radiation Research in China," L. Wei, Atomic Energy Press, Beijing,
China (1996). (I)

D. The Relationship of Low Dose Effects and Background - Cancer Modeling.

When doses were called /ow even when they were more than background dose, it was possible to
discuss logically the effects of radiation independently of whatever causes the background. Now that
low means radiation doses 100 times smaller than background it is necessary to consider them
together. However, very few scientists and scientific papers do this logically. It is necessary to use
theoretical models to suggest what the effects can be. The following discussion is primarily about
cancer induction.

81. "Fundamental Carcinogenic Processes and their Implications for Low Dose Risk
Assessment," K.S Crump, D.G. Hoel, C.H. Langley and R.Peto, Cancer Research 36, 2973-2979
(1976). (E)

In the first of the following papers, Guess, Crump and Peto point out that whatever the basic
biological process relating a dose to cancer, a differential linearity results provided that the radiation
dose and the background act on the biological system in the same way. Indeed, this is implied in Doll
and Armitage’s well-known multistage theory of cancer. Since pathologists cannot distinguish the
cancers produced by radiation and those produced by background, this is an assumption that has not
been refuted. Crawford and Wilson went further and pointed out that the argument is a general one
and can apply to other outcomes than cancer, and other causes than radiation such as respiratory
problems caused by air pollution or cigarette smoking. '

82. “Uncertainty Estimates for Low Dose Rate Extrapolation of Animal Carcinogenicity Data,”
H. Guess, K. Crump, R. Peto, Cancer Research 37, 3475-3483 (1977). (A)

83. “Low-Dose Linearity: the Rule or the Exception?,” M. Crawford and R. Wilson, Human and
Ecological Risk Assessment 2(2), 305-330 (1996). (E)

There is a possibility that the cancers from radiation and background can be distinguished, by DNA
analysis, for example, in which case the above argument might not apply. Rowley and Le Beau (ref.
84) have shown that the chromosome structure of an Acute Myelogenous Leukemia (AML)
occurring subsequent to and presumably caused by radiotherapy was appreciably different from
those that occur naturally. If this turns out to be a general result, the low-dose extrapolation
arguments of references 81, 82 and 83 must be drastically reconsidered.

84. "Cytogenetic and Molecular Analysis of Therapy-Related Leukemia,” J.D. Rowley and M.M.
Le Beau, Ann. N.Y. Acad. Sci. 567, 130-140 (1989). (A)

E. Epidemiological studies of Low Dose Behavior



The following paper addresses the few epidemiological studies with a large enough data sample, and
with systematic errors well enough controlled, that can be used to discuss directly the shape of the
dose-response curve below a total dose of 50 Rems (0.5 Sv). The paper focuses on the data on
atomic-bomb survivors.

85. “Threshold Models in Radiation Carcinogenesis,” D. G. Hoel and P. Li, Health Physics
75(2):241-250, (1998). (I)

There have been various studies of the cancer rates among workers in nuclear-power plants and other
nuclear facilities. The most detailed study in the United States was in reference 87. But a more recent
collaborative study in 15 countries (ref. 88) shows a small effect. This is not merely a
"meta-analysis" of several papers but a combined study of those groups where the data are deemed
reliable. The additional number of leukemias seen is consistent with an extrapolation from the
number at higher doses (but the lower 95th percentile of the number is close to zero). The number of
additional "solid" cancers is close to zero but the upper 95th percentile is close to the linear
extrapolation from higher doses. Taken together these data suggest that much larger numbers
suggested in references 88 and 89 can be excluded.

86. "A Mortality Study of Employees of the Nuclear Industry in Oak Ridge, Tennessee," E.L.
Frome, D.L. Cragle, J.P. Watkins, S. Wing, C.M. Shy, W.G. Tankersley, C.M. West, Rad. Res.
148, 64-80 (1997). (D)

87. "Cancer in Populations Living Near Nuclear Facilities: A Survey of Mortality Nationwide
and Incidence in Two States,” S. Jablon, Z. Hrubec and J. D. Boice, Jr., J. Amer. Med. Assoc.
265(11), 1403-1408 (1991). (E)

88. “The 15-Country Collaborative Study of Cancer Risk among Radiation Workers in the Nuclear
Industry: Estimates of Radiation-Related Cancer Risks,” E. Cardis, M. Vrijheid, M. Blettner, E.
Gilbert, M. Hakama, C. Hill, G. Howe, J. Kaldor, C.R. Muirhead, M. Schubauer-Berigan, T.
Yoshimura, F. Bermann, G. Cowper, J. Fix, C. Hacker, B. Heinmiller, M. Marshall, [. Thierry-Chef,
D. Utterback, Y.O. Ahn, E. Amoros, P. Ashmore, A. Auvinen, J.M. Bae, J. Bernar, A. Biauy, E.
Combalot, P. Deboodt, A. Diez Sacrista, M. Eklof, H. Engels, G. Engholm, G. Gulis, R.R. Habib, K.
Holan, H. Hyvonen, A. Kerekes, J. Kurtinaitis, H. Malker, M. Martuzzi, A. Mastauskas, A. Monnet,
M. Moser, M.S. Pearce, D.B. Richardson, F. Rodriguez-Artalejo, A. Rogel, H. Tardy, M. Telle-
Lamberton, I. Turai, M. Usel and K. Veress, Radiation Research 167, 396-416 (2007). (E)

Only recently have there been studies of the effects of radon on people in residential situations.
There are two types of study. One, an "ecological” study, compares the average lung cancerrate in a
community with the average radon concentration in the houses of that community. There are several
early studies but the most important and most careful are in references 89-97. The average lung-
cancer rate falls with increasing radon concentration. It would be a logical non sequitur to derive
directly from such a study the relationship of the probability of an individual person succumbing to
cancer with the radon concentration to which that individual is exposed (the dose-response
relationship). To draw such a conclusion is sometimes called "the ecological fallacy." However,
Cohen argues that it is legitimate to compare agny set of data with a theory and if the data do not fit,
the theory must be wrong. In particular, he claims that the particular linear dose-response
relationship espoused by the U.S. Environmental Protection Agency cannot be correct.



89. "Radon Levels in United States Homes by States and Counties," B.L. Cohen, R.S. Shah,
Health Physics 60, 243-259 (1991). (E)

90. "Relationship Between Exposure to Radon and Various Types of Cancer," B.L. Cohen,
Health Physics 65(5), 529-531 (1993). (E)

91. "Dose-response Relationship for Radiation Carcinogenesis in the Low-dose Region,” B.L.
Cohen, Int. Arch. Occup. Environ. Health 66, 71-75 (1994). (I)

92. "Test of the Linear-no Threshold Theory of Radiation Carcinogenesis for Inhaled Radon
Decay Products," B.L.Cohen, Health Physics 68, 157-174 (1995). (I)

93. "Problems in the Radon vs. Lung Cancer Test of the Linear No-Threshold Theory and a
Procedure for Resolving Them,” B.L. Cohen, Health Physics 72, 623-628 (1997). (I)

94. "Indoor Radon and Lung Cancer: Risky or Not?," .M. Samet, J. Nat. Cancer Inst. 86,
1813-1814 (1994). A distinguished epidemiologist challenges Cohen's studies and implicitly all
other "ecological” studies. (E)

These are "retrospective cohort" studies in which a group of people is followed and the individual
doses estimated. These are free from the ecological fallacy but there are no data in the low-dose
region where 90% of Americans are exposed. It is important to realize that any conclusion about the
risk at low doses (that is, doses below natural background) derived from these studies is dependent
upon an extrapolation, which may not be in direct disagreement with the ecological study of Cohen.

95. "Residential Radon Exposure and Lung Cancer among Nonsmoking Women," M.C.R.
Alavanja, R.C. Brownson, J.H. Lubin, J. Chang, C. Berger, and J.D. Boice, Jr., J. Natl. Cancer
Inst. 86, 1829-1837 (1994). (A)

96. "Lung Cancer Risk from Residential Radon: Meta-analysis of Eight Epidemiologic Studies,"
J.H. Lubin and J.D. Boice, Jr., J. Natl. Cancer Inst. 89, 49-57 (1997). (I)

The following paper summarizes the evidence that suggests that the mining cancer data
underestimate the risk of uranium miners. Such an underestimate would be even harder to
reconcile with the data of Cohen.

97. "Radon-exposed Underground Miners and Inverse Dose-rate (protraction enhancement)
Effects," J.H. Lubin, J.D. Boice, Jr., C. Edling, R.W. Hornung, G. Howe, E. Kunz, R.A. Kusiak,
H.I. Morrison, E.P. Radford, J.M. Samet, M. Tirmarche, A. Woodwardand S.X. Yao, Health
Physics 69(4), 494-500 (1995). (A)

F. Larger effects than establishment

The following is the foremost and most logical of a set of claims that the effect of a low dose is
greater than the "establishment” wisdom. At the time, the “establishment” used an absolute-risk
model, which gives a smaller effect than the relative-risk model now accepted for solid cancers.
But Gofman’s estimate was still 5 times the relative-risk model. Although primarily concerned
with radiation exposures from peaceful nuclear energy, Gofman is consistent in also pointing out
high medical exposures although he is clearly less eager to oppose them.

98. Radiation and Human Health, J.D. Gofman, (Sierra Club Books, San Francisco, 1981). (I)



99. ECRR 2010 Recommendations of the European Committee on Radiation Risk The
Health Effects of Exposure to Low Doses of lonizing Radiation, C. Busby, R. Bertell, I.
Schmitz-Feuerhake, M. S. Cato, A. Yablokov (Regulators Edition, Green Audit, August 2010).
(E) This multinational group is the latest to advance the idea that the effect of the dose is
undetermined.

The following paper discusses several claims that at radiation doses at or below the background
cancers are produced. These reports often select data or otherwise fall into statistical "traps" or
errors. Rarely (Gofman is an exception) is there a discussion of the effect of the background and why
many more people are not dying naturally from cancer in high-radiation areas, which would be
expected if their claims were true.

100. "Is there a Large Risk of Radiation? A Critical Review of Pessimistic Claims," A.
Shihab-Eldin, A.S. Shlyakhter and R. Wilson, Environmental International 18, 117-151 (1992).

(E)

G. Isradiation good for you?

The idea that the effect of radiation is linear with dose at low doses dominates most discussions. But
there is also a movement in the opposite direction, suggesting that radiation at low doses and low
dose rates is good for you. The following paper is typical of several papers in this conference report
that address this proposition. In addition, this view is strongly supported in reference 5.

101. "Health Effects of Low-dose Radiation: Molecular, Cellular, and Biosystem Response," M.
Pollycove, and C.J. Paperiello, in: Low Doses of lonizing Radiation: Biological Effects and
Regulatory Control, International Atomic Energy Agency, Vienna, IAEA-TECDOC-976,
IAEA-CN-67/63, 223-226 (1997). (A)

It is important to realize that there are many other possibilities. It is possible, for example, that
radiation cures a commonly occurring cancer while increasing the less common ones. Although there
are no good data on radiation effects this possibility has been suggested for the chemically induced
effects. Also it is possible that radiation cures an infectious disease (such as by killing the bacteria)
while increasing cancer. A clear example of a substance that is beneficial at low doses and very
deleterious at higher ones is ethyl alcohol.

Alcohol is a substance that has been studied for a much longer period (millennia) than radiation. In
the following paper Sir Richard Doll points out that at low doses it reduces the risk of stroke, while it
1s carcinogenic also (especially in conjunction with tobacco smoking) at medium doses, and at even
higher doses the narcotic effects can cause many adverse effects such as car accidents. The
implication here is that the same mixture of outcomes can occur with radiation.

102. “The Benefit of Alcohol in Moderation,” R. Doll, Drug and Alcohol Review 17, 353-363
(1998). (A)



H. Policy Implications: Man Rems (Person-Sievert) or Rems/man (Sv/Person)?

The first imperative in any policy discussion is to understand what question you are asking. The
relevant policy may be different for different questions.

The following paper describes why health physicists often use collective dose. This was originally
measured in Man Rems but allowing both for political correctness and also for a change in units, it is
measured in Person-Sieverts. If a linear dose-response relationship is assumed, multiplying the
collective dose by the slope of the dose-response curve (from BEIR VII Table 1) gives the overall
calculated societal effect, which can be compared to other total societal impacts. However, this can
also obscure the fact that an individual decision or decision of a small group, is best discussed using
the individual dose.

103. “Principles and Application of Collective Dose in Radiation Protection, National Council
on Radiation Protection and Measurements,” Report No. 121 (NCRPM, Bethesda, MD, 1995).

(E)

In 1978 Dr. Dunster while head of the Health and Safety Executive of the U.K. stated: “all
politicians would prefer a dead body to a frightened voter.” A dead body does not vote: a person who
fears he may have cancer may vote. This dramatically brings out a potential bias in these discussions.

In this category are recommendations by the International Atomic Energy Agency (IAEA).

One criterion is for external acute exposure of 2.5 Gray at a depth of 0.5 cm in tissue. This criterion
is more applicable to a localized radioactive-source accident than for the effective whole-body dose
applicable to a nuclear reactor or RDD device and must be used with caution.

104. "Criteria for Use in Preparedness and Response for a Nuclear or Radiological Emergency
General Safety Guide," Series No. GSG-2, International Atomic Energy Agency, Vienna Austria
(March 17, 2011) Table 2. (E)

105. Manual of Protective Action Guides and Protective Actions for Nuclear Incidents,
Environmental Protection Agency (EPA), May (1992). (E)

These guides have been the basis for action by other agencies including the U.S. Nuclear Regulatory
Commission.

There are few discussions, and none in the regulatory arena yet, of how such important individual
decisions or decisions of small groups work in practice. Obviously a sensible decision involves
careful balancing of alternative non-radiation hazards. Three examples are:

106. “A Nuclear Explosion in a City or an Attack on a Nuclear Reactor,” R.L. Garwin, The
Bridge 40(2), 20-27 (2010). (E)

107. Analyzing Evacuation Versus Shelter-in-Place Strategies After a Terrorist Nuclear
Denotation, L.M. Wein, Y. Choi, S. Denuit, Society for Risk Analysis (2010). (E)



108. “Medical Preparedness and Response to Nuclear Terrorism,” G.C. Benjamin, The Bridge
40(2), 39-44 (2010). (E)

It is surprising that even 66 years after the detonations at Hiroshima and Nagasaki, mankind still has
not come to grips with what might happen in another nuclear explosion. The above papers argue that
an explosion at ground level, rather than the 500 feet altitude at Hiroshima and Nagasaki will
increase the number of radiation casualties. They also argue that merely running directly away from
the site may be the wrong thing to do. Sheltering in place can cut our exposure for the first day, and
when the direction of the wind-blown plume is known, walking sideways from the plume is the best
response.

There is much confusion in many public discussions between an explosion of a fission device and
dispersal of a large radioactive source. There is a difference of roughly a factor of 10,000 in the
amount of radioactive products released. While calculation and experience with the theft and
accidental dispersal of a source at Goiania, Brazil, suggest that the immediate casualties in such
dispersal are small (less than 10) there is no consensus on when to reenter a contaminated area.

109. “Management of Terrorist Events Involving Radioactive Material,” National Council on
Radiation Protection Measurements, Report No. 138 (NCRPM, 2001). (E)

110. “Health Aspects of a Nuclear or Radiological Attack,” T.S. Tenforde, D.A. Schauer, R.E.
Goans, F.A. Mettler Jr., T.C. Pellmar, J.W. Poston Sr., and T.P. Taylor, The Bridge 40(2), 50-57
(2010). (E)

The following report discusses the evacuation decision at Fukushima and argues that it was
deleterious to public health. It points out that as soon as there is an important adverse effect of any
action then a risk-benefit comparison must take this into account. The IAEA and other guidance in

the above references omit this in their documents and may therefore be deleterious to overall public
health.

111. “Lessons from History of Radiation Use and Nuclear Accidents particularly Fukushima,” R.
Wilson, The 44th Seminar on Planetary Emergencies, World Federation of Scientists, Erice
Sicily (August 20™, 2011). To be available in a full volume of the papers of the seminar at World
Scientific. (E)

In 1985, the U.S. Congress requested a set of tables to determine the probability that a person's
cancer was due to his radiation exposure. These tables assume a linear dose-response relationship.
The dose for which the probability of causation is greater than 50% (and therefore compensable by
ordinary legal rules) is very high and very few people will receive it. However, there is a complex
procedure with a computer calculation that claims to be reliable, administered by the U.S.
Department of Labor. While nominally it is based on scientific principles, a close examination shows
the scientific basis is flawed. For example, a worker who was a heavy cigarette smoker and
developed lung cancer is more likely to be compensated than a worker who did not know his
smoking history.

112. Report of the NCI-CDC Working Group to Revise the 1985 NIH Radioepidemiological
Tables, U.S. Department of Health and Human Services (2003).



In accordance with current knowledge of radiation health risks, the Health Physics Society
recommends against quantitative estimation of health risks below an individual dose of 5 Rems (the
Rem is a the unit of effective dose; in international units, 1| Rem =0.01 sievert (Sv)) in one year or a
lifetime dose of 10 Rems in addition to background radiation. “Risk estimation in this dose range
should be strictly qualitative, accentuating a range of hypothetical health outcomes with an emphasis
on the likely possibility of zero adverse health effects. The current philosophy of radiation protection
is based on the assumption that any radiation dose, no matter how small, may result in human health
effects, such as cancer and hereditary genetic damage. There is substantial and convincing scientific
evidence for health risks at high dose. Below 10 Rems (which includes occupational and
environmental exposures), risks of health effects are either too small to be observed or are
non-existent.”

113. Policy Statement of the Health Physics Society, 1313 Dolley Madison Boulevard, Suite 402,
McLean, VA 22101. (1996). (E)

The policy recommendation of the International Commission on Radiological Protection (ICRP)
dating back to 1928 is that it is prudent to assume that a risk remains at low doses and that no
exposure should be accepted without expectation of some benefit. This has led to the principle of
ALARA - that doses should be reduced to As Low As Reasonably Achievable (economic and other
factors taken into account). The following report outlines suggested procedures and on page 25
suggests that if doses can be reduced at a cost of $10 - $1,000 per man Rem or less ($1000 -
$100,000 per person Sv) that should be done. The Nuclear Regulatory Commission in 1975 had
already suggested a number at the high end, $1,000 per Man Rem, for nuclear activities under their
purview. The NRC since updated this to $200,000 per person Sievert. Firstly the number is doubled
for inflation, and secondly for political correctness. This is approximately $6,000,000 per cancer
(calculated with a linear dose response) and is consistent with a US EPA figure of $6,000,000 per
“Statistical life.” It is noteworthy that although for almost all individuals medical exposures are a
large fraction of a person’s individual dose, these are not under the purview of the Nuclear
Regulatory Commission and there is no reliable monitoring of these medical doses.

114. “Implementation of the Principle of As Low As Reasonably Achievable (ALARA) for
Medical and Dental Personnel,” National Council on Radiation Protection and Measurements,
Report No 107 (NCRPM, Bethesda MD, 1990). (E)

This reference also recommend a de minimis level for an individual dose of 1 milliRem (100 m Sv).
Another suggestion was to note that the difference in radiation exposure of about 50 mRem/year (0.5
MSv/year) between sea level and in the Rocky Mountains due to cosmic rays and increased
terrestrial radioactivity is generally accepted without question. Although the first was proposed by
the NRC, there were public political objections and the proposal was not finalized. Many scientists
believe that their time and that of the public is better spent in insisting that these guidelines be
followed (and not exceeded) with a coherent risk/cost/benefit analysis rather than addressing the
possibility of a threshold at low doses that may be impossible to prove rigorously.
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EVACUATION CRITERIA AFTER A NUCLEAR
ACCIDENT: A PERSONAL PERSPECTIVE

Richard Wilson Mallinckrodt Professor of Physic (emeritus), Harvard University

b In any decision involving radiation a risk-risk or risk-benefit comparison should be done. This
can be either explicit or implicit. When the adverse effect of an alternate action is less than the
planned action, such as medical use of X rays or nuclear power in ordinary operation, the
comparison is simple. But in this paper I argue that with the situation faced by the Japanese in
Fukushima, the assumption that the risk of an alternate action is small is false. The risks of
unnecessary evacuation exceeded the risk of radiation cancers hypothetically produced by
staying in place. This was not realized by those that had to make a decision within hours. This
realization suggests important changes, worldwide, in the guidelines for radiation protection in
accident situations.

Key words: Evacuation, Nuclear, accident, radiation, risk.

BACKGROUND

There is an extraordinary large literature on the effects of radiation on
health but surprisingly little on the effect on public health of an accident or of
deliberate sabotage or terrorist attack. For example there is no discussion at all
in the radiation protection handbook in Harvard University (Harvard 2002).
Yet a proper understanding is crucially important for public acceptance of
nuclear technologies. In this paper 1 examine some historical experience of
radiation use and various accidents to show that the recommendations are
overly complex and ignore problems other than radiation. | summarize from
the enormous data pool at our disposal the facts that I consider to be
important. The reaction to the Fukushima accident was incorrect and
detrimental to sound public health. In this I use the perspective of a Risk-
Benefit analyst who constantly compares the risks of an action (or inaction)
with risks of alternative actions or inactions.

MEDICAL USE OF X RAYS

Very soon after Roentgen'’s discovery of X rays in 1895, physicians used
them for diagnostic purposes. Although very early it was realized that they
caused skin and other lesions, the fantastic ability to see within
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the body was so important that physicians correctly argued that the benefits of
the X ray use overshadowed any harm. But this only addressed one part of the
risk-benefit calculation. Others, physicists in particular, pointed out that the
same benefit could be achieved with far less harm by more careful use of
shielding, more sensitive film and so forth.

In the 1920s there was more interest in controlling the use of radiation. In
1927 the International Commission on Radiological Protection (ICRP) was
formed. This is a non governmental body but most governments heed its
recommendations. But the advice of ICRP and physicists was not fully heeded
till about 1970. In 1961 for example I had an (unnecessary) chest X ray at
Stanford University and measured my dose. About 1 rem. Now the same X ray
would take 7 mrem. But a CAT scan today is nearly 1 rem (0.1 Sv). In addition
the US Environmental Protection Agency (EPA) realized that there is a risk
posed by a number of radioactive materials in the environment. | found that
the justification for the regulations they proposed was not well argued and in
my public comments | proposed a justification based upon the health effects
data (Wilson 2000a,b).

HIROSHIMA AND NAGASAKI: DISTINCTION BETWEEN ACUTE

PROBLEMS AND CHRONIC PROBLEMS

The studies find a crucial distinction between the results of radiation
exposure in a short period (integrated over a week or two) and the acute
effects that it causes, and radiation over a long period of a few years and the
chronic effects that causes. The acute effect of Acute Radiation Sickness starts
with a reduction in white blood cell counts and can then lead to tissue damage.
It is generally accepted that this occurs at radiation levels above 100 rems (1
Sv} with an LD50 (least dose at which 50% of people die) if 400 rems (4 Sv),
{formerly believed to be 250 rems) which can be extended to 500 rems (5 Sv)
by a blood transfusion. The first major example of a death from Acute
Radiation Sickness was Dr Harry Daghlian who was exposed on 21 August
1945 in a nuclear criticality accident and died some days later. It is not always
realized but prompt evacuation is only needed to avoid Acute Radiation
Sickness (sometimes Acute Radiation Syndrome) (CDC 2011).

Hiroshima and Nagasaki provide the data from which effects of radiation
are usually determined. As occurs with all chronic effects, they are determined
at a high radiation level and a model is used to describe what happens at the
lower level. A discussion of the underlying toxicology and the models it
suggests was made in 1980 (NCRP 1980). But the usual (conservative) model
suggests low dose linearity. This comes from the realization that if a medical
outcome of a pollutant or action is indistinguishable from one that occurs
naturally, any addition to natural incidence is proportional to the dose at low
doses (Crump et al. 1976; Guess et al. 1977; Crawford and Wilson 1996).
Indeed this is also a consequence of the usual application of the multistage
theory of cancer as described over 50 years ago (Armitage and Doll 1954).
Scientists tend now to recognize a more general statement: Understanding



effects at low doses cannot be separated from a general understanding of what
causes the “natural” levels of cancer. It is vitally important for perspective to
realize that this argument also applies to cancers caused by chemical
pollutants also, and even to lung problems caused by air pollution - a fact not
realized by most of the public and not incorporated into regulations (Crawford
and Wilson 1996).



But there are assumptions and approximations. In the justification I used
the word “indistinguishable”. They must be biologically indistinguishable and
not merely that a pathologist cannot distinguish. There is only one paper to my
knowledge on this fundamental point. Cancers that occur after radiation
therapy have a different DNA structure (Le Beau et al. 1986). Unfortunately
there seems to be no interest in exploring this further either for radiation
cancers or chemically produced cancers. The coefficient of the linear term is
determined from data at high doses. Also the dose in Hiroshima and Nagasaki
was over a short period and it is probable that doses over a long period
produce smaller effects. There are animal studies that suggest a factor between
2 and 10 but only two data sets. The occupational doses at Ozerk in 1948 as
the Russians were rushing to make a bomb before the “wicked Americans”
killed them, (Shlyakhter and Wilson 1991; Shilnikova et al. 2003) and the
Russians exposed at Techa River (Burmistrov, et al. 2000; Krestinina et al.
2005), after the waste pond overflowed. A detailed discussion of how toxicolo-
gists considered other dose response models can be found in an NCRP report
(NCRP 1980) and in an ICRP report (ICRP 1990).

According to the above theoretical model, if someone gets a dose just
below the LD50 he can still get chronic problems of which the most important
is cancer. At an integrated dose of 200 rems there is a 10-20% increase in
cancer probability. This depends upon a dose integrated over a long time - of
the order of years. It can therefore rise well above 200 rems without causing
Acute Radiation Sickness. The natural incidence of fatal cancers is about 20%
so that no one who gets less than 100 rems will double his natural incidence
and he cannot rightly claim that it is “more likely than not” that his cancer is
due to radiation. Low dose linearity was used in the BEIR VII report to the US
National Academy of Sciences/National Research Council (NRC 2006). Here |
simplify their Table 1 as my Table 1. At 100 milliSievert, 0.1 Sv or 10 rems the
increase in fatal cancer probability is 4% or 20% of the natural fatal cancer
rate. The number of digits in each entry is high but they are not significant.
Alas there is no easily available table where age is broken out.
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TABLE 1. The table shows the estimated number of cancer and deaths calculated to resuit in 100,000
persons {with an age distribution similar to that of the entire U.S. population) exposed to 100 mSv (10
Rems). The estimates are accompanied by 95% subjective confidence intervals shown in parentheses that
reflect the most important uncertainty sources including statistical variations, uncertainty in adjusting risk

_ for exposure at low dosed and dose rates, and uncertainty in the method of transporting data from a
Japanese to a U.S. population. For comparison, the number of calculated deaths in the absence of exposure is
listed in Table 1; BEIR VII (NRC 2006).

All Solid Cancer Leukemia
Males Females Males Females

Excess deaths from exposure to 100 mSv
(10 Rems)

Number of deaths in the absence of exposure 22,100 17,500 710 530

410 (200-830) 610 (300-1200) 70 (20-220) 50 (10-190)

The radionuclides that are produced by nuclear fission are well known, as
are their melting points and boiling points. A listing can be found, for example
in Table 2 of the report of a study Severe Accidents at Nuclear Power Plants
that was carried out for the American Physical Society (Wilson et al. 1985)
reproduced here as Table 2. Most of the entries in this table are barely relevant
to this argument. But | call attention to the isotopes of iodine and of cesium.
The former is normally gaseous and is easily released and the latter, although
normally solid, is soon evaporated in an accident. Only in the high temperature
of a nuclear explosion would it be likely to emit large quantities of strontium,
uranium or plutonium. Cesium unlike these chemicals, does not stay in the
body and irradiates it roughly uniformly which simplifies the understanding.
The last column of this table tells us the amount in the first 7 days after an
accident. Unfortunately, although reporting on avoiding nuclear accidents, that
committee did not explain how this table should be used in practice.

NUCLEAR POWER - NORMAL OPERATION

Physicists and engineers have for decades been urging careful use of
radioactive materials. A modern nuclear power station emits very little
radioactivity. Indeed it is often stated (correctly) that a coal fired power
station in its particulate emissions emits more. Also the exposure to the plant
workers can be kept low without sacrificing performance. Health physicists
have set standards which are low and can be met with little cost. The benefit of
a low radiation exposure is not limited by a high cost to the consumer of
electricity. This leads to a very simple risk benefit calculation. Likewise the risk
benefit calculation for laboratory use of radioactive materials is governed by
such a simple risk benefit calculation with a reduction to a level “As Low as
Reasonably Achievable” (ALARA) first



TABLE 2. Radioactive inventories and whole-body dose conversion factors (3200 MW _PWR]) (Table 11.B.3;

APS 1985).
Shutdown Cloud Inhalation, «; Ground
Half-life inventory D. /X, (rem/Ci inhaled) D,/§
Radionuclides 1/, (days) (10% Ci) (remm'/Cis) (050 yr) (rem m?/Ci)
Noble gases :
Kr-85 3950.0 0.56 0.475E —03 0.310E +00
Kr-85m 0.183 240 0.364E 01 0.260E +00
Kr-87 0.0528 410 0.181E +00 0.100E +01
Kr-88 0.117 68.0 0.467E +00 0.230E +01
Xe-133 5.28 170.0 0.906E - 02 0.700E +00
Xe-135 0.384 34.0 0.567E —~01 0.120E +0)
lodines
1131 8.05 85.0 0.872E -0t 0.600F +03 0.708E +03
1-132 0.0958 120.0 0.511E 400 0.700E +02 0.107E +03
I-133 0.875 170.0 0.154F +00 0.200F +03 0.311F +03
1-134 0.0366 190.0 0.533E 400 0.300E +02 0.414E +02
I-135 0.280 150.0 0.419E +00 0.150E +03 0.285E +03
Cesiums and rubidiums
Cs-134 750.0 7.5 0.350E +00 0.470E +05 0.369E +04
Cs-136 13.0 30 0.478E +00 0.590F +04 0.410F 404
Cs-137 11000.0 4.7 0.122E +00 0.360E +05 0.131E +04
Rb-86 18.7 0.026 0.207E 01 0.660F +04 0.185EF +03
Telluriums and antimony
Te-127 0.391 5.9 0.936E 03 0.340E +02 0.813E +00
Te-127m 109.0 1.1 0.110£ 02 0.240F +04 0.584E +02
Te-129 0.048 310 0.147E —01 0.980E +01 0.198F +01
Te-129m 0.340 53 0.783E —02 0.300E +04 0.246FE +03
Te-13Im 1.25 13.0 0.314E +00 0.550E +03 0.960E +03
Te-132 3.28 120.0 0.475E -0l 0.150E +04 0.308E +04
Sb-127 3.88 6.1 0.151E +00 0.790E +03 0.920E +03
Sb-129 0.179 330 0.268E +00 0.110F +03 0.104 E +03

defined numerically by the Nuclear Regulatory Commission in 1975 to cost
less than $1000 per man rem (NRC 19753, b) (This was upgraded recently
both for inflation and political correctness to $20 per person Sievert). NCRPM
also suggested a number 100 times smaller for occupational doses.

But when the situation in a power plant is not normal all changes. The
habits, rules, customs about radiation exposure should change accordingly and
the change should be automatic and instantaneous and therefore prepared in
advance. Advance preparation would have avoided a problem stated in about
1979 by John Dunster when head of the UK Health and Safety Executive;
“There is no politician who would not prefer a dead body to a frightened
voter”. There was obviously no advanced preparation at Fukushima. The need
to balance risks is similar to the physicians’ situation in 1900-1970.
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WINDSCALE, THREE MILE ISLAND AND CHERNOBYL

There were three reactor accidents from which lessons can be learned. At
Windscale in 1957 a plutonium production reactor caught fire and iodine was

released. Short-lived radioactive iodine ("' with 10 day half life) can make the
major immediate hazard with a well-known chain. lodine can fall to the ground
and be eaten by cows where it concentrates in the milk and babies drink the
milk and concentrate the iodine in the thyroid. This has been realized for 60
years and at the Windscale accident in the UK in 1957 the government
impounded and bought all milk downwind for a month (McGeoghegan et al.
2010; Wakeford, 2007). (Curiously the cows produced twice as much as usual,
although this increase is not usually attributed to radiation!)

No one knows exactly how much iodine was ingested at Chernobyl, but a
lot. 2,000 children got thyroid cancer of which 20 have died. No one need have
got thyroid cancer if it were not for secrecy. There are anecdotes (which I
believe) that a school teacher near Hohnichi (Belarus) and an army general in
eastern Ukraine were reprimanded by the KGB for advising children not to
drink milk for a month (the half life of the iodine is 10 days or so) and thereby
causing a panic (Shlyakhter and Wilson 1992). This was, and is, far less likely
to happen in an open society in Japan.

There is disagreement about the effects of potassium iodide. If ingested
before radioactive iodine exposure it can reduce the ingestion of the
radioactive substance. But there are suggestions that if taken after exposure to
radioactive iodine it can lock in the radioactive iodine already taken. Moreover,
there are other side effects particularly for pregnant women so it is wise not to
take it unnecessarily.

At Three Mile Island (TMI) in 1979 there was a partial meltdown but
mostly contained. 1 can find no report of what happened to the iodine, but
believe that it combined with water to form HI which was pumped out of the
containment into the turbine building where it stayed quietly on the floor.

After Chernobyl in 1986 scientists confirmed that the important releases
for the long term effects are "“Cs (two year half life) and 'Cs (30 year half life).
The measurements of radioactivity deposition confirms that deposition and
therefore emission of *Sr and the transuranic elements was much less, even
though the initial explosion dispersed them locally. The subsequent graphite
fire must have reached thousands of degrees and almost all the cesium was
evaporated, and that the radiation from the ground deposition is the important
pathway with ingestion only about 25%. Evacuation from Pripyat was delayed
36 hours and Chistallogovka 3-4 days. This delay raised publit criticism. But
prompter evacuation would not have changed the integrated dose much. Only
at Chernobyl, and in the plant, did anyone get Acute Radiation Sickness. No one
in the general public did.



One important feature for perspective and public understanding is that the
effects on health of these low levels of radioactivity are calculated, and not
measured. The calculated number is too small to be directly measured. Indeed
the number might be zero if the radiation cancers are not identical with those
occurring naturally or might even be less than 0 (beneficial). This is described
by the word hormesis. There is no hormesis for those washed out to sea in the
Tsunami. Those who wish to dramatize the effect tend to stress the total
number of calculated fatal cancers. Typical numbers discussed are 4,000-8,000
in the Ukraine, Belarus and European Russia countries and 20,000 worldwide.
The latter is to be compared with the billion or so naturally occurring cancers
in the world in that time period. But when an accident has occurred, and in
discussion of how to manage its consequences, the dose to each individual is
appropriate.

FUKUSHIMA: ADVERSE EFFECTS ON HEALTH OF DISLOCATION OR

EVACUATION

It has been noted in the medical community for many years that there are
stresses and problems associated with relocation that can lead by themselves
to adverse effects on public health. In 1975 | saw figures of a 5% increase in
cancer probability. I note that in an accident situation this would only be a
calculated increase but in that sense is directly comparable to any increase in
cancer rate due to radiation. It is hard to find good numbers and [ merely refer
to a recent review (Uscher-Pine 2009). She opined (Uscher-Pine 2009):
“Despite the frequency of post-disaster relocation and evidence of its effect on
psychological morbidity, there is a relative paucity of studies; the few
examples in the literature reveal weak study designs, inconsistent results, and
inattention to physical health impacts and the challenges facing vulnerable
populations. Further research guided by theory is needed to inform emergency
preparedness and recovery policy.”

In the 1980s Dr Crouch and | were interested in the comparison of
carcinogenic potency of animals and men. We looked at the unexposed
“control” rats and mice from the US National Toxicology program. The rate of
cancer varied many percent. For example we found that in some experiments
the lights in the cages were on continuously and these were rodents with an
elevated “control” rate. In the large study of 30,000 mice at the National Center
for Toxicological Research (NCTR), the EDO1 or “Megamouse” study (Littlefield
and Gaylor, 1985; SOT 1981) there was a variation in response according to
where the cages were. Those on the top shelf got tumors later than those on
lower shelves. | presume that is because their stress was less. But what counts
as stress for a mouse is unclear.
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Similarly stress from divorce and separation, or even merely lack of a
parther, has been blamed for a 15% increase in the probability of cancer
fatalities (Kravdal 2001). 1 take 5% increase in cancer probability from
relocation as a reasonable “lower limit” to the increase of cancer with the
stress of evacuation.

The “official” Kemeny report (Kemeny et al. 1979) after the TMI accident
stated (inter alia): “We conclude that the most serious health effect of the
accident (for any reason) was severe mental stress, which was short-lived. The
highest levels of distress were found among those living within five miles of
Three Miles Island and in families with preschool children.”

Anecdotes in Japanese media have noted unexpected deaths in the elderly
who have been evacuated. Significant numbers of the elderly in shelters have
died unexpectedly. Maybe the calorie intake is below starvation level and not
all have three meals a day. Lack of hot food, running water, crowding, poor
toilet facilities and lack of water for cleaning people and locations, lack of fuel
and lack of hospitals to accept admissions, ambulances or medical services
except what appear to be medical personnel who are themselves local victims.
Yet there is no indication that these possibilities were considered by those
ordering an evacuation! A simple calculation shows that this can far exceed
any benefit evacuation may bring. A recent unconfirmed and therefore
anecdotal news report that 300 people have died from the Fukushima accident
from non-radiation causes in two townships emphasizes the possible
problems.

DOSES FROM FUKUSHIMA

Armed with this information 1 looked at the measurements from
Fukushima Daiichi. I first looked at the data on the radiation spike measured at
the gate of the Fukushima complex and integrated it (Fig. 1) (GRS 2011). The
releases on Friday, Saturday, Sunday and Monday were not serious. Indeed,
associated with these early releases was a publicly shown photograph of the
explosion showing that the wind was blowing out to sea. This by itself suggests
that attention be given to careful timing of gaseous releases. The big doses
were on Tuesday, 15 March 2011 and Wednesday, 16 March 2011. The spikes
were probably doses from noble gases. The integrated dose was large enough
for concern - 0.02 Sv (or 2 rems). But even this is less than one year of normal
occupational dose and it should not have prevented a radiation worker from
going to or being near the plant. Indeed the report to International Atomic
Energy Agency (IAEA 2011) states that the average for all power plant workers
as of 23 May 2011 was only 7.7 mSv or 770 mrems, which is about the amount
of a CAT scan.

Starting on Thursday, 16 March 2011 the reactors and the spent fuel pools
were being cooled by seawater, and there has been no comparable release
since that time. Taking the usual decay of ™Cs and ""Cs into
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FIG. 1. Dose rates measured at main gate of Fukushima Daiichi (Figure 1; GRS 2011).

account one would expect an immediate drop, and my estimate would be for
about 0.06 Sv (6 rems) at the main gate for the first year and falling more
slowly thereafter. At three miles (5 km) this would be down a factor of 10.
Although the details of who did what and why are confused, a fair independent
source of information is available (INPO 2011)

I next looked at doses in the various other locations noted in the map of
Fig. 2 They were listed by the Japanese Atomic Industrial Forum but the plots
of the doses at these locations (Figs. 3 and 4) come from MEXT (2011) The
newspapers emphasized the doses in the Ibaraki region on the way to Tokyo.
The abscissa in that plot is uSv per hour. But the dose seems much smaller
when the doses in the Ibaraki prefecture are plotted with a different abscissa
and ordinate (Fig. 5). One pSv per hour, kept up for a year, would give 8,760
uSv, or 8.76 mSv or 876 mrems. What does this mean?

Many actions can give anyone a dose of 876 mrems:

. A single chest X ray in a major hospital as late as 1960.

. A CAT scan today.

. Seven months allowable occupational dose.

. 1/5 of what a Chernobyl clean up worker (liquidator) got.

. 1/100 of an astronaut’s allowed dose.

. About the dose I got in 1991 from a day at Chernobyl mostly from in-

side the sarcophagus.

~ Any serious student should evaluate his own lifetime dose for comparison.
I have been officially a “radiation worker” since 1946. Yet my integrated dose
is almost all due to medical X rays - and I have no record of
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these for the first 20 years and even now | have to keep the record myself. The
American Nuclear Society has a website which enables a good estimate to be
made online (ANS 2011). Ideally there would be such a program with the fatal
cancer rates at different ages.

In the last year | received 2.4 rems (0.02 Sv). I believe it is absurd to
evacuate to avoid this small a dose. Certainly evacuation should not be
mandatory. Of course if we go further and consider age, evacuating an 85 year
old for anything except Acute Radiation Sickness is really stupid. The graphs
(Fig. 2, 3 and 4) from MEXT (2011) of radiation releases suggest
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that no one in the Tochiki or Ibaraki prefectures should be concerned but
naturally they will be interested.

For the area NW of the plant, the best description of the doses comes from
the Ministry of Education, Culture, Sports, Science & Technology (MEXT 2011)
in Japan.

Their map (Fig. 6) shows that the major deposition was to the NW of the
plant toward Fukushima itself. MEXT integrated the doses to March 2012 using
the usual model, giving the results shown in Fig. 6 and Table 3. The integrated
doses are in milliSievert (mSv). The high-integrated doses are all in the Furaha
County. Only one is higher than 0.2 Sv (20 rems} integrated to March 2012.
These are for continued occupancy in the open. It can clearly be reduced by
being indoors and by avoiding high dose hot spots. The lack of important doses
in the south and southwest is clearly apparent.
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FIG. 6. Integrated radiation dose map of the area NW of the plant, in April 2011 (MEXT 2011).

For comparison 20 rems was the official dose allowed for the “liquidators”
(clean up workers) after Chernobyl. According to the studies of effects of
radiation (Table 1) this can add 1% or so to cancer probability. This is well
below the variation in natural cancer incidence (up to 30%) from unknown
causes.

There is no indication of any large deposition of either strontium or
transuranic elements, which evaporate at a higher temperature, suggesting
that the internal deposition by these elements can be ignored. From this MEXT
used a theory to estimate the integrated dose to March 2011 shown in Table 3.



TABLE 3. Measurements at some specific locations with high exposures (MEXT 2011)

From Fukushima Estimates of Latest Readings  Estimates of Integrated
Dai-ichi NPP Integrated Dose (Average) Dose as of March 11,
Location Direction  Distance mSyv mSv/h 2012 (mSv)
Akogi Kunugidaira, Namie Town, - o pieq 24km 68.2 0.0374 224.9
Futaba County
Akogi, Ishigoya, Namie Town, Futaba o oo 30km 37.1 0.0158 103.1
County
Akogi Teshichiro, Namie Town, Northwest  3lkm 32.9 0.0163 101.0
Futaba County i
Onami Takinoiri, Fukushima City Northwest 56km 3.8 0.0018 114
Aza Klt?.aramakl, Hisanohama Town, South 31km 10 0.0002 16
Iwaki City
. . South-
Takahagi, Ogawa Town, lwaki City 36km 0.6 0.0002 14
southwest
THE EVACUATION DECISION

The question the Japanese faced was whether and how much to evacuate.
This decision had to be made within hours. They had not thought in advance.
Then they panicked. It is unclear whether the evacuation was ordered by the
government or merely suggested. But it was without analysis. But this is
clearly understandable and forgivable given the history of radiation effects in
Japan and the failure of the world community to provide guidance. Indeed for
30 years the world community has set guidelines which, I argue, are stupid.

They should have asked the questions:

. Is there an immediate reason to evacuate to avoid Acute Radiation
Sickness? The measured doses give the answer NO. Indeed a subsequent in-
dependent report by INPO (2011) shows that the highest exposed worker
received a dose 1/6 of the LD50.

. Would there be an appreciable increase in long term radiation dose by
waiting a few days to analyze? Again the realization that Cesium was the
problem would demand the answer NO.

. In retrospect was it sensible to evacuate people beyond three miles
from the reactor, bearing in mind the competitive risks? I submit that here
again the answer is NO.
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. Would it have been wise to inform everyone and prepare for a volun-
tarily evacuation for those who wished it, which preparation could avoid the
chaos that occurred in New Orleans after Katrina? Here the answer is
definitely YES.

. [s there an adverse effect on health in evacuation? Here the answer is
definitely YES although such effects are often ignored.

The answers at the end of each question are my own personal answers. |
submit that the whole world nuclear power and safety community, including
semi-political agencies like I[AEA and the politicians themselves ponder the
above.

American friends of the Japanese people should ask themselves the
following questions:

. What is the role of friends who believe they are experts?
. Careful analysis along the lines of the early part of this report?
. Off the cuff remarks at a Senate budget hearing? ’

Dr Gregory B. Jaczko, Chairman of the Nuclear Regulatory Commission,
gave the following testimony Jaczko to the US Congress on 17 March 2011:
“Recently, the Nuclear Regulatory Commission (NRC) made a recommendation
that based upon the available information that we have, that for a comparable
situation in the United States, we would recommend an evacuation to a much
larger radius than has been currently been provided in Japan. As a result of this
recommendation, the ambassador in Japan has issued a statement to American
citizens that we believe it is appropriate to evacuate to a larger distance up to
approximately 50 miles.” (Jaczko 2011)

This was repeated by President Obama, on Thursday, 17 March 2011, with
the following news release: “President Obama made remarks from the White
House Rose Garden on the nuclear crisis in Japan shortly after paying an
unannounced visit to the Japanese Embassy. After expressing condolences to
the Japanese people, the president confirmed calling for an evacuation of U.S.
citizens within a 50 mile radius of the reactors in northeastern Japan.” (Obama
2011)

These were unfortunate. I so stated in a formal fax to Dr Jaczko as soon as |
saw the transcript but got no response [ have been told that Jaczko was merely -
following an NRC rule: Keep the dose less than 500 mrems in the immediate
accident and < 2 rems over the first year. | argue that the events at Fukushima
demonstrate clearly how stupid, and counterproductive to public health, that
rule is, and it becomes a matter of urgency to modify it.



RADIATION ACCIDENT MANAGEMENT

At Fukushima there was no proper management of radiation doses
immediately the reactor situation was out of control (immediately after the
tsunami). There seems to have been no realization in Japan, and probably no
realization anywhere else, of the fact that radiation management after an
accident should, even must, must differ from radiation management
immediately before the accident.

Before TMI (before 1980) it was generally accepted that there were certain
radiation levels that should not be exceeded. After TMI, and even more after
Chernobyl the recommended levels were reduced. While it makes some sense
to keep, for example, to 5 rems/yr (0.05 Sv/ yr) for a nuclear power worker in
ordinary operation it is, I believe desirable to return to the higher figures as
soon as an accident goes beyond normal operation. Thus it should be allowed
for a worker to plan for 20 rems (0.2 Sv) for the whole accident, and indeed at
Chernobyl 100,000 or more workers got this dose of 20 rems as “liquidators”
(clean up workers). A one time dose of 80 rems (0.8 Sv) was allowed for an
astronaut and for a rare individual “to save lives” 80 rems was allowed. It is
reported that at Fukushima workers were pulled off the job in Sunday and
Monday in the Fukushima accident before the Japanese belatedly restored the
pre-1980 levels. This probably delayed a proper technical response to the
accident. Although at all ages it is important to keep the radiation dose below
that giving Acute Radiation Sickness, full use of older workers, particularly vol-
unteers, should be taken. A person over 70 years old with a high accumulated
radiation dose will develop cancer only after 20 years and then it is the least of
his worries. (e.g. Harding et al. 2011)

It is unclear whether my recommendation of an immediate reversion to
the pre-1980 radiation safety levels would have enabled the Tokyo Electric
Power Company (TEPCO) to control the reactors any better in the crucial first
day. I think they would and that is implied in INPO (2011).

A LESSER ISSUE: RESPONSIBILITY OF THE MEDIA.

News media have been the principal method of communicating with the
public, and even with experts. At Three Mile Island, at Chernobyl and at the
Tokyo incident the US media failed miserably and forgot their duty. Not one
newspaper, nor Associate Press quoted the precise NRC press releases. None of
the major newspapers even got the units correct. The Internet has improved
this. Experts can find information directly. But there is still a responsibility to
inform the public, and in particular to explain what the radiation dose levels
mean, in terms of public health and to discuss the harrowing decisions those
on the spot must make. In that I find the media lacking.
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I next turn to accident prevention. The aim is to prevent the undesirable
fission products ever coming into contact with the public. There are several
barriers:

1. The fuel is in zirconium pellets with are in a zirconium tube. Although
design criteria allowed 0.1% of these tubes to leak, probably none did.

2. If the first barrier fails, there is a pressure vessel which should hold them.

3. [Ifthe pressure vessel fails there is a containment vessel.

But, we must emphasize the importance of keeping barrier one intact if
possible. Of course it is always important to stop an untoward event as early in
the chain as possible. It is especially important because failure here makes it
harder to control. In a Boiling Water Reactor (BWR) one can be close to the
reactor in operation as [ personally have been - one is shielded by the water in
the pressure vessel. Once the first barrier fails, doses are higher outside the
pressure vessel increasing radiation doses for a worker and making
subsequent fixes harder.

MAN REMS (PERSON-SIEVERT) OR REMS MAN' (SV PERSON")?

In the preceding paragraphs [ have emphasized the dose per person (rems
man’ or Sv per person) because that matches the decisions that I was
discussing. Rosalyn Yalow, who won the Nobel Prize in medicine for
radioimmunioassays repeatedly emphasized this in her lectures “Radioactivity
in the Service of Man”. But radiation protection experts frequently calculate
the collective dose in Man-rems (or Person-Sieverts) because when using a
linear dose response relationship and multiplying by the appropriate slope
(coefficient) this gives the total societal impact. [ do this for the next section on
comparing disasters and also take a more optimistic slope allowing for a dose
rate reduction factor.

COMPARISON TO OTHER WORLD DISASTERS

The effects of evacuation or not evacuating should be compared to 15,000
dead, and 15,000 missing direct, measurable and definite “dead bodies” from
other earthquake and tsunami problems (Table 4).

My rough guess is that one can calculate (but never measure) 500 fatal
cancers from radiation from Fukushima (originally my incorrect prediction
was close to zero. But it could be zero or even slightly negative.). However
Richard Garwin has recently calculated a figure of 5000 worldwide.

I emphasize that the calculated cancers are within the fluctuations of the
natural cancer numbers and cannot ever be directly measured.



TABLE 4. Estimated Number of Deaths Compared to Other World Disasters.

Cause and Event Estimated Number of Deaths

Fatal Cancers from Natural Background Exposures '

10,000,000 per year
300,000,000 in average half lifetime

Arsenic Poisoning in Bangladesh 2 500,000 from exposures 1970 to date
Earthquake in Haiti 200,000
Earthquake and Tsunami in Japan 3 30,000

Fatal Cancers from Chernoby! in the Next 60 years *

7,500 in Belarus, Russia and Ukraine
20,000 - 30,000 worldwide

Fatal Cancer from Three Mile Island , 0.7 total
Adverse Health Effects Due to the Evacuation Around Fukushima 0 - 5,000

"Including medical exposures; on a worldwide basis.
2 Assuming everyone have pure water.

* Promp deaths.

4 Calculated excluding effects of stress.

* Calculated for the Kemeny Commission.

MY RECOMMENDATIONS FOR STUDY OF RADIATION EMERGENCIES

I have argued since 1980 that there should be detailed study of a number

of fundamental issues. (These should be for other pollutant substances and
actions also.)

1.

“«

Before 1980 the US Nuclear Regulatory Commission asked for an
“Emergency Planning Zone” (not an evacuation zone} of 10 miles diameter.
After TMI this became an “evacuation zone” without the detailed
discussion such a decision requires. I, personally, was opposed to this
implication for automatic evacuation, and testified to the Ontario Royal
Commission and others that it was a mistake. I strongly urge the
International Community to reexamine this requirement.

One should similarly reconsider the requirements for reentry into an area
with higher than usual radiation levels after an accident.

Are cancers caused by radiation truly indistinguishable from naturally
occurring cancers? Or is it just that a pathologist cannot distinguish? (use
DNA analysis). Even if this were only done for another pollutant such as
arsenic there would be an increased understanding of low dose effects.
What is the effect of dose rate? (I urge a careful look at such data as the
Techa River and the Mayak workers)

What is the effect of disaster stress on cancer? In people? In animals?

Can one design a fuel cladding which does not oxidize and therefore does
not release both hydrogen and energy?

Scientists must continually remind the public and public policy specialists
about the effects and lack of effects about radiation. 40 years ago as
nuclear power began to enter the world energy system, anti-nuclear
activists took the stage. Their dramatic assertions of utter disas-
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ter tend to dominate the media. It is important to publish detailed
refutations of their extreme arguments. Ideally newspapers would do this
but they do not. An example is the paper by Shihab-Eldin et al. (1992).

IMPLICATIONS FOR THE FUTURE

The need to reconsider the change the procedure in a risk analysis for the
consequences of a serious accident after it has taken place should clearly be
part of the training of every person operating a nuclear power reactor and
health physicists on duty. But there is another implication. The world is
concerned about possible release of a dirty bomb or radioactive dispersal
device (RDD) or even a nuclear bomb itself by a terrorist, whether a state actor
or non- state actor. If it can be made clear to the public, including potential
terrorists, that the effects of radiation release can be limited, such a procedure
and target can be less attractive to a terrorist. It is also vital that every group of
first responders have AT LEAST one person who understands radiation and is
not afraid of entering a high radiation area.
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1, Introduction

All of the Umited States was shaken by the reaclor accident at
Three Mile Islandy mear Harvisburdg, Fernnsulvasnis orn the mormins of
Wednesdayy 28 March 1979. The reactions of the rower comranuy the
neidhborhoady the state and federsl governmentsy the regulstory

.authoritiesy and the media (rnewsrsrerss radios and TV) in  the

following «dags showed mador deficiencies 1in sreraredness Tor 3
madJor nuclesr sccident,

It is essential to learn what we can fTrom the asccident st
Three Mile Island to hels erevent a future accident with more srave
conseruences. Several studies amd investigations have already been
initiated, A committee arrointed by Fresident Carter and chaired
by John G. RKemenwy Fresident of Dartmouth Colleser has rerorted to
the Fresidents the Nuclear Regulatorwy  Commissiomn (NRC) is
conduclting on—gsoind detailed reviewss and  the Electric Fower
Research Imstitute (EFRI)y +the research srm of the electricsl
utilite industrgy has set us 3 Nuclear Safetw Analusis Center shich
makes and rublishes rerorts and ansluyses.

Each state which has or contemrlates a3 nruclear rower wlant
8lso has a3 resronsibllity to address the rroblems of rubhlic ssfety
raised by Three Mile Island., In this comtextsy Goverrnor Edward Kins
of +the Commonwealth of Massachusetts established a Srecial Nucleoar
Cebinet Task Force to review the situstion. The Cabinet Task Force
is comrosed of the heads of the state adencies which have
resronsibilite  in the area: the Executive 0Office of Humarn
Servicesr the Executive 0Office of Fublic Ssfetwyy the Executive
Office of Environmental Affairs snd the Massachusetts Office of
Enerdy FResources.

Governor Kind also arrointed this three rersom rarnel stating
in 8 rress relesse! '

"The reason for creating this razrnel...is to assess those
reactor safely issues that will have an imract on the future
of nmuclesr enerdy in Massachusetts. ..

*No redion of the countre is more derendent or ruclear
enerdgy and no dreater roltential exists for stebilizing our
costs than the rmclear ostion. In facty nuclear enersy
rrovides us wWwith one third of our electltricity needs and has
saved New England consumers $300 million and B8O wmillion
barrels of high-mriced residusl fuel o0il since its incertion.
The benefits are worlth rursuing as lond 2s the dsmeral Fublico
is confident that this techriolodgy does mol eose unaccertable
‘risks to our rublic nea2lth and welTsro... '

*However...in light of the Three Mile Islarnd incidenlty anu
further actioms with redgard to this stste’s involvement in
licensing now reactors «haald not ocour wivts b we aeo carbsin



FAGE 4

that everuy measure involving rublic safety and heslthr which
could have rrecluded the incident in Fernnsulvanias 1s  in
Flace in Massachusells...

"As a2 resulty I have srrointed this distinguished ranel and
asked them to review the NRC’s investidgation of the Three
Mile Island incident and rerort their Tfindinds to the
Ledislature and the Cabinet—level +task force thst I have
arrointed &% soon a8s rossible.?

Discussions with the Goverrmory and with the Ernerdy Committee

‘of the Ledislaturery made it clesr tLthat the e3rnel was to be

inderendent of the ledislative and executive bodiess arndy  tLhaty
within the broad resronsibhilities outlined in the Governor’s rress
statements the committee was to determirme its own frame of
reference. The wranel redarded 1its resronsibilite 3s 3 task of
prime imrortance. . .

As in the Kemenw studue (rerort rade 4) we did riot attemet +to
reach a8 conclusion as to whethery 3s a matter of subhlic rolicwsy the
develorment of commerical nuclear reower should be conlticnued or

should not be comtinued, That would reaquire: a mudch broader
investigation irnvolving ecoromicry ernvivonmentaly and roliticsl
considerations. This renel did not review the deneral ststus of

nuclear rower in Massachusetls. We felt that that lardger auestion
also involved too msny issues for us to consider srorerlyd.

Because 33% of electric rower in New Endland is rnow denerated
by nuclear elants we did make am imitial sssumetion that muclear
power is likely to cortinue a8s a source of electricits i this
state, In addition we rroceeded on 3 rremise that the serneration
of electricity bw rmuclesr Fower involves 2 rotentially danderous
technoloste which recuires contirmuous and rigorous care in ilts use.
If in the course of our deliberations we had felt it was clear thatl
the necessary care would be imrossibler that the nuclear hardware
would be so liable to fazilure that it should not continue to  he
usedy or that human bheinsgs are so Tallibhle that thew could not
orerate this techrnologwy we would have said so, Without doing this
fary we do say thet reorle can be carelesss that ecuirment may fail
and that bad Juddemerits are sometimes made. 0Our task was to roint
out arrrosches whnich might mirmimize the rnumber of failures by
reorle or machines and rrevent the resuwults of any failure from
causing harm to the citizens of the Commonwealth,.

Sirnce the ranel had limited sersormnal time and ro funding or
staffs 1t was not realistic for us to urdertake the thoroudgh
indererndent review rnecessary Lo certifw Lthe adeeuacw of wvarious
state and utility acticns and rrodrams, Rather it was decided that
the most useful conmtribution we could make within our resources
would be to srovide advice to the Cabinet Task Force about their
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work and additional actions which could be considered,

To carry out this task the rarnel mnet with the Cabirnet Tashk
Force on Maw 13y 1979  snd July 14y 1979 had three oren rsublic
meetings om October 12y 1979y November 19y 1979 arnd LDecember 149
1979 ss well as several other workindg meetinsgs, UWe heave reviewed 3
number of documents and solicited aid and clarificetion from statle
asenciesry rower comFraniesy  and the demerzl sublic. A review andg
list of these documents and 3 list of letters are inm  the
arrendices.

Althoudgh marnwy officials in the resronsible state asencies have
been working dilidently to usdresde the sreraredrniess of the
Commonwezlth for nuclesr emersenciesr the decision making level of
the Csbirmet Task Force is still in the esarly stase of its work.
Thereforer in most csses our recommendations form &8 work srogram
for the Cabinet Task Force. '

We believe that the Commonweazlth in its sceident erevention
management rlans and evacustion rlsns must act il a8 rrudently
cautious manner and assume that accidenls such as Three Mile Island
can lead to meltdown and under some circumstances melidown can lead
to release of an srrreciegble fraction of the radiosctivite i the
caore., :

Finellyry we wish to stress that riclesr safety demsnds
continuous vigilance. It snould rict take 3 Three Mile Island in
Massachusetts to ensure that the sroblem is treated with the rmeeded
urgency.,
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2¢ Summary of Frinciral Recommendastions

The ‘rarmel has reviewed +Lthe rerort of the Fresident’s
Commission on the sccident at Three Mile Islard (Kemenw Commissiorn)
and asdgrees with ilts recommendations 3lmost inm their entiretwu.

In most casesy our recommendations are based on the Kemenw
recommendstions rointing out those actions arrrorriaste to the
Commonwealth, ATter esch recommendatiorny we rnote the section in
which the subdect of the recommendation 1s discussed in the
detailed rerort which follows. The order in which our
recommendations are listed follows the order of the Kemeny resort.

1. The Csbinet Task Force should find out what actions the
Nuclear Redgulatorw Commission (NRC) is taking in resrect
to Kemerns Commission recommerndatiorns Ad4s (F, 63) and C2
(F. 70) that the NRC orerator snd surervisor licemnsing
furnctions be urdraded. The Cabirnet Task Force should
decide in the light of this imformation whether or rot to
surrort the rrorosal of the Derartment of Fublic Ssfety to
widen the score 2a2nd increase the freauency of state
licensing waminations. Our reading of the  Kemenw
recommendations and the sresent NRC role is that the NRC
examinations will cover the ruiclear aseects of the sower
sustem. If that is +the cassey the staste examinastion
emsrhasizing ordinary steam rower orerations is rmot 3
durlication and might therefore usefully be retsined and
strenghtened. Fossible use might be made of the larde
reservoir of talent in the Boston ares to helr in these
examinations. (Sectiorn 4 of this rerort.)

2. The Cabinet Task Force should satisfy itself +that the
Enerdgy. Fscilities Siting Council of the Commonwealth has
the comrelence to asddress the sitind issues discussed in
Kemeny recommendations A& (F, 6547, The Kemeny resort
recommends that to the extent fezsibley reactore be
located remotely from concentrations of rorulation. The

isting reactors in Massachusells were ‘drandfathered®

(Frevious arFrroval not re-exasmined) when the Siting
Council waes established. The Filsgrim II site was a3lso
grandfathered 3s s8n  addurct to Fildgrim I. Howevery
Pilgrim II ws not dgrandfathered ournder IRC rules and

althoush testimornw has been closed in the N.R.C. hearings

the Cabinet Taslk Force should cormsider whether the Sitinsg

Council or other agercies of the Commonweallh should take
‘ 8 rosition before the NJ.R.Co hearing voard if this Lissue
’ is reorened, (Section 13 of this rerort.)

3. The Cabinet Task Force should take 2 thard look' at the
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Kemery recommendation Al0s (F. é65)y  that durlicate
consideration of issues be avoided whernever sossiblery and
see to  what 2utent  the idssues of imrortance  to the
Commonweslth can and should be concidered at the same
timey Fossibly in 8 simulianecus hearing with the
considerations of those issues bw the NRC.

The Cabinet Task Force should satisfw itself that Kemeny
recommendations All & and b (F. - 68) that there be
suystematic safelty evalustion and sssessment of exrerience
in wisting resctorey are beind rrorerly invlemented. On
rarer these rrodrams . were already tasking rlace before
Three Mile Islandr but the exsrerience of Toledo Edison Co.
in September 1977 which midht have srevemnted mistales by
the Three Mile Islsnd orerators wss not adecustely usea.
If the Tesk Force is not sagtisTieds it should take fTurther
sction--such as including these matters on the asends of
an  inderendent safety commitltee estasblished by the
Commonwealth (see recommendatlion & below?).

The Farnel rmnotes that the two nuclesr sower slants in  the |
Commonwealths Yankee Rowe asnd Filgrim Is 385 well as
Vermont Yanlkeers have serarate safety drours rerorting to
high level management as recommended buy Remerny E2 (F.
68), UWe recommend that the committees inmclude members
with different training snd bsckdground than normalls fTound
in utilities—-~such a3s 3 rhuysicist and a chemical endgineer
and include members who obtain ro more tharn 204 of their
salary Trom the muclear industiry so that there cam he no
reasonabhle doubht about their inderendence. (Section 9 of
this rerorti.)

The Cabinet Task Force should review the safete committiees

noted abover end if they consider them insdecuate should

set ur 3 Commorwealth safetwy committes. This committee
should he- 3 rrofessional committer with adecuzste
comrensation. If RKemerny recommendation A3D (F. 62) is
imrlementeds that the Advisory Committee onm Resctor

Safesgusrds (ACRS) of NRC mot review individual reactorsy
this review could be a chardge to 3 Commornwealth Safety
Committee. (Sections 3 and 5 of this rerort.)

If 3 safety commitlee is set ur hy trhe Cowmonwealtn it

{2
should include in its review Lhe issues ol recommendshion
BS o of Kemenw (F, 69) that the utilities 2z2nd susrliers
sustematically resolve safely aulestions in #lamt

orerations.
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We rarticularly endorse the Kemerny recommerndstions B I (F,
469) that there be clesrly defined roles and resronsibility
both during ordinsry oreration end during an emerserncws
arnd  that the resrorsibility Tor orerations during an
emerdencs rests with the wtility comrans, The Cabinet
Task force should satisfyu itself that these
recommendations are imrlemented arnd that the rules &and
resronsibhilities be not merelw defined bult 2lso written
downy adreed to and understood by each and every rerson
who ig likely to be involved in an incident or its
aftermsthys including mnot ornle wutility comesny  omrlowees
but slso the emrlovees of evers agency of state governmnent
concerned. (Sections B8y 9 and 10 of this rerort.)

The Cabinet Task Force should sastisfy itself that the rsate
setting board of the Dersrtment of Fublic Utilities is
allowing reasorshle safety relsted charges to be reflected
in the rate bsse.

The rerresentatives of the utility comranies informed us
that thew are imrroving orerator training in accordarce .
with Kemerny recommerndastion C 3d (Fe 71) by increasing the
freauency of simulator training from orice 3 vesr to twice
8 yvear and by having sceident scemarios incorrorsted in
the simulstor. We urde continued attention to this asrect
of orerator training,. (Sectiorn 4 of this rerort,.)

The Commonwealthr throush its Derartment of Fublic Heélth
and the Advisory Council on Readiation Frotection should

mairntain its rcerability to mornitor the exrosure to
radiation of varicouws rorulation gSrours in addition to the
researcn rrorossl recommended by Kemenw (Eley Fo 74) to

be coordinsated by the National Institutes of Hezlth
(Section 7 of this rerori).

The Cabhinet Task Force shouwld delermine whether there is
adequate traiming fTor health srofessionals and emersgency
resFronse rFrersonnel ir radiation rroblems in the
Commonwealth as recommended by Kemenws E3I (F. 74) and
whether the rersonmel in the Nuclear Irncident Advisory
Teams (NIAT) asre sdeauately trained arnd their level of
traiming is krnown to those who would be in command in 3
rnuclesar imcident. CSections & anmd 2 of this resort.)

We recommend that this srosram of educstion aslso be
wltended to those emrlowed in the industry, Irm
Farticulary emrlowees should be altered to the ways thew
can reduce their own exrosurey for examsrley by avoidindg
high radiation areass and this awarerness should be
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reinforced resularly, (Section 7 of this rerort.)

The Commonwealth should verify that the monitoring of
radiation is adecuate in 21l circumstances as recommended
by RKemenw E4 (Fy, 75). We are rarticulerly concerrad that
the rresent stack ds3s monmitors will overload during
accident conditions (E4a). (Section 6 of this rerort.)

We recommernd the Commonwealth obtain a3 surrly of rotassium
iodide (or other thuroid blocking adent) and decide where
it should be located (Keémenyw recommendation ESy P, FAVDIN
Note should be taken of the fact that althoudgh rotascsium
iodide has been arrroved as & drud bw FIAy it shouwld rot
be +iakern unless necessary becsuse rossible side effects
are unknown. (Section 6 of this rerart.) '

The emergency rlans of the Commonwealth have recentlus been
revised in sccordence with Kemeny recommendation F1 (F.
76>, The ranel urse sarticular asttention to clezr and
consistent delineation of the actions rublic officisls andg

utility comranw officials should take, This delirneztion
should aslso be well advertised so thst the coordinastion
recommended in Flc can be eachieved. We 3lso recommend

that the lerartment of Fublic Healthr clesrly identify the
criteria sudgdested in Kemeny FZa3 and that the Cabinet Tash
Force review that effort. (Sections 8y 2 and 10 of this
rerort,.)

We have some reservalions asbout the swracticslity of Kemenu
recommendation Gla (F., 78) that the wutility comrany be
resronsible for the dissemimastion of informatiorn during an
emergency. The utilits comrans hes the resronsibility to
determine the status of the rower rlants whethers for
examrley & meltdown is rogsible or likelws, Howeverrs even
if imformstion should be disseminated clearly hy  the
highest rossible technicsl official of the comrandr We are
concerned about whether or mot the information will he
accerted as reliatle due to the rresent lack of rsublic
confidence in utility comesnies., We anticirze thatsy as at
Three Mile Islasndy anm NRC official maw have more sublic
credipilitysy but in sny case we do not feel there 1is &
mador role feor the Commonwealth in disseminstion of
informatiorn ahout the status of the rlant itself.,
(Section 10 of this rerort.)

In resrect Lo recommendation Glhry we believe that everuons
concerned  din the Commornweslth should be clear in advance
who should rerovide the information sbout radiological
releases and evacuation rlans. Several times in this
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orersort we suddest circumstances where one or  another

18,

19.

adency of the Commonwealth--ususally the Dlersrtment of
Fublic Healths should be officially desidgnated the lead
3BEENCY .

We concur in the recommendsatiorr of Kemenw F4 (F. 77) that
the rublic must be informed sbout nuclear rFrower. At
rresent reublic information 1is often unrelishle and
incomrlete. The Frinciral role we see for the
Commoriwealth in this is education about emerderncy and
public health slanning and we serrlaud the scltions slreadu
beirng takern by the Civil lefernse director and the
Ierartment of Fublic Health in addressing rublic meebtingsy
resronding to auestions anrd Frovidin informatior.
(Section 10 of this rerort.) '

We feel it is a geperal resronsibility of techrnicslly
informed reorle to share their information with others and
encourasge them to do so.

We corcur with the recommendation G3 (P, 79) of Kemenys
that the newsmedis should imsrove their sbility to cover s
nuclesr emergency in accordance with their
resronsibilities. In. addition to the detsiled list in
Remenys we sudgest that the mediza should be asked to =rint
verbatim the officisl eress releases of NRC and stste
officials as well a3s srmy interrretations the medis may
wish, The official releases are 1likelw to be more
comrlete snd easilwy understood bw  the technical rublic
than the rress interrretations. The dgermeral rublic will
turn for inTormaticon analusis to those techmriicsl
individuals in whom thew have confidernces ang the
surrluing of relisble and detailed information to the
technical communits is an imrortant eart of disseminmation
of information. (Section 1.0 of this rerort.)

We recommendy in the evernt that Pilgrim II is licenseds
that the Cazbinet Task Force consider whether the
lerartment of Fublic Ssfety should be asked to insrect the
work in erosress as the [.F.S. sudgdgects. (Section 13 of
this rerort.) '

The Cabirnet Task Force snould examine the relstiormshis of
the Commonrnwealth with the addzacent states (im rarticulars
Vermont) in which & rnuclear rower rlanlt exists. We have
rno good waw of Jduddging the exisling situstion with resrect
to emerderncy resronsess orerator trainmindgy ang reactor
safetyy but what we have heard suddesls that the interests
of the Commonwealth may be served by 3 coorerative effort
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to imrrove safetys - (Sections 4 through' 12 of +this
rerorl.)

In view of +the hearing of +the U.S. nerartment of

Transrortation scheduled for February 1980y we are
disarrointed that the relevant agencies in the
Commonweaslthy the Lerartment of Fublic Healths the
lIeravriment of Transrortation and the Massachussets

Turnrike Authority do not ssrear to have made an efrfort to
resolve differemnces thes have with reseect to a rnuclear
transrortation rolicw., We are encourasied howevery by the
statements of lecember 14y 1979 that thew will rnow meet
and trw to arrive a8t s common arrrozch. We sugdest
dguidelines for this in Section 11 of this rerort.

Unider current sractice srent fuel is beindg stored st  the
reactor site and will remzin there until there is a rlan

to resrocess the fuel or store the fuel elsewhere, This
is a situsatiorn rot envisadged inm the oridinasl rlans. We
recommendy thereforesy that +the Cabiret Tashk Force

reexamine the situsation to see whether the consequences of
any rossible accidents st these rools should be included
in emergency rlanninsg, (Section 12 of this rerort.)

Althoush mot directle related to reactor safetyr the rarnel
notes that the Commornwealth is at the mercy of decisions
made by others when it sends wasstes to rerositories in
other states. We sccordingly recommend that the Cobinet
Tasl. Force consider whetlther it is arrrorriaete to develoes s
rerository within the state or redion for low and/or
medium level wastes——mostly hosritel and lsundry  wastes
with half lives less than 100 years., The amalusis might
be carried out in condunction with the cornsideration of
toxic weste disrosal rnow in Frrodress by the Executive
office of Environmentsl Affairs., (Section 12 of tLhis
rerort.) ‘

The Czbinet Task Force should review the eroblems of theft
anri sabotage a1t the nuclear rezctor sites and the
recommendations about this of the Rathderns committee.
(Section 13 of this rerort.)

The Cahimet Task Force should consider whether a stachk d3s
monitor be dimnstalled to read directly imto &8 stste
tuilding to dgive en immediaste indication .of rroblems.
(Secltion & of this resort.)
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2+ The Kemenw Rerort

The Kemers Rerorty on which we have based most of our
recommendations  should be carefullw read by all those in the
industre and state government who have the resronsibility fTor
ruclear saTety., '

We note that the rerort emrhasizes the humasn element at  Three

Mile Islermdr The statements bw Herbert lDiekswey Fresident of

General Fublic Utilitiess that the orerators and stafi? at Three
Mile Islend were trainmed s3s well 83 ang in the industre seem to be

true as Tar as rarer oualifications sre concerned. Howeversy the
rereated astatements of these same orerators to the Kemeny
Commission thal thewy did rot urderstand what was doing on  1m the

first 3 hours of the accident are s damning indictment of the
trainmindg, We discuss this further in .section 4 on orFerator
trasimins,

“Amons the manwy comments on redulstion in the Kemenw rerorts it
was mnoted that both in industry and in the NRC there is a3
preoccuration with meeting regulationsy rather than sddressing  the
safety issues directlu,’

The ranel saw this clearls in its oren meetirngsy as  bhoth
industry and NRC rerresentatives kert discussing whether or ot the
redulations had beern met before and even instesd of asddressing  Lhe
safety dissues themselves, This is & dandgerous trend but to s very

considerable extent it is inevitable, ODrne  consecuence of  this
methord is the imsisternce on incorrorating ang safelw idea into a
regsulations before scting wuron it. WUriting a8 redulation and
establishing its lesslitw and workabilituee and sbolishing or
modifwing redulatiors when arrrorriate are Nnecessary and

arrrorriate activities. However in this rrocess toth regulated asnd
regulators mayw tend to fordet tLhe oridinel obdective of the

resulastion. We see a very useful role Tor the Comrcnwealth heres
both inm the licensing hearinds ard in continuous review
subseauentle, That ist to be certain the obdective of sublic

safelty is not last in the msaze of srocedure but is comstentls used
as the starmdard for messuring 2ng actionm or resulation.

It srrears to this ramel thst an inderendent review of crucisl

issues by & committee arrointed by and resronsible to  the
Commonwealth suddested in recommendstion & zabove may be useful sven
whern changes 1in resulations are not an issue. We envisade
aetivities similar to those of the Advisory Committsze om Reacltor
Safesuards {ACKRS) of the Nuclesr Regulators Comnmission. Ir

contrast to the ACRSy 2 state committes would o owvecched Yo zcol on
matters srecific Lo one rarticulsr nuclear Feollitsy rather Lhan on
deneric issdesy arnd erimarile Lo addrese those sreas over which the
members should rnot be
fuull time state emeloveess but drawn from the larser rool of talent
avallahle in Msssachussels snd thew shogld bo recowmsomsed for their

A W]
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4, Orerator Training

The Kemeny Commission emshiasizes the human errors involved in
the Three Mile Islasnd accident. We rnote here that Dr, Herbert

Diekamsy Fresident of Germneral Fublic Utilitiess in 8 ° rress
statement commenting om the Kemeny rerort moted that the orerztors
were traoined a2 well as any in the industrua. This ststement is
baserd Or examination rerformamce in the Nucleasr Redulatorw

Commission examinstion.

It isy of courser conceivabhle that the orerators and stzaff  in
the wtilitwy comssmies in Massachusetts are betler trairned sndg
hetter cualitTied than those a8t Three Mile Island,. It sprears Lo us
to be & role of the Commonweslth to ensure thet this is Lrue,
Alreadyry Massscnusatic haes & serarate examination for rower slant
orerators. The lersrtment of Fublic Safeluys which is in charge of
this licensingy emrhasized to us that scecident rereverntion desends
uron-good training in steam swstems and not srecificslly on nuclear
matters, This is not externsivelw covered in the federal licensing
FrOCesSS. While this distincltion is to a larde extent true: there
is no asnalozue in 8 cosl fired sower rlant to the rnecessity  of
keeringd the core covered at all times. Before the scecidonmt at
Three Mile Islandy the Massachusetts orerators were trairmed 1in
uridsual  orerating comditions but rot in accident cormditions. - This
is done on 8 comruter simulator st Morrisy Illimois Tor Filsrim I
and Vermont Yasrnkee snd at Kewesrorty Fennswlvania for Yankee Rowes
Seabreol will have its own. The staff for Fildrim are trained with
their own comruter code to reflect the sarticular rlznt thewy have.

Only simce the zccident 2t Three Mile Island have accident
scenarios been wlaced on the simulators. Kemeny noled that failure
of 38 rressure relief valve to resest wss omly sut  or the »
and Wilcox simulator i Arril 1972y atter the Three Mile Island
Accident. The ranel wes informed that some of the =zccident
secuances in the Rasmussen rerort {(see Arrendix I1) are now on lthe
General Electric simulstor. We recommend that thew 31l be on  the
simulator 3s soon as erraclical.

We note and aselzsud the fact thalt the émerican Nuclear Society
is urdrading its recommencdation on  sdninistrative control
rroceduresy orerator selectiony and simulstor training,

The nature of orerator training in the neighhoring states of
Vermont &snd New Hamrshire is  unclesr. we recammend thst the
Commornwealth malke commorn cause with Vermont armd New Hamsshirver
rossibly with common teslting srocedures,

Ify &8s we believe is the casey orerator licensins 10
Massachusetts should continues Lhern the examiners themselves should
be trained om the -simulatorsy and  the Commonwealth should
arrrorriate funds for that surrose. ‘
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" The Executive Office of Fublic SsfTetw has draftesd 8 bill ‘o
imprrove the state licensing rrocedure and we recommend that the
Cabirmet Task Force consider it seriouslg.

We recommend +that the wecutive Office of Fublic SaTety
comsider making use of the large reservoir of inderendent talent in
Massachusetts to hels structure & ridorous testing srocedure,
Althoudh our detailed recommendations are oren Tor discussions we
suydgdest that this could include?

1. review of the 80 odd evert tree secuences for serious
accidentss sych as those outlined i the Rasmussen rerort
and review of the orerator actions necessary in  these
03505 . :

2, simulator training om these and otheér sccidents.,

3., oral exsmination imn which the orerastor exrlains safety to
an inderendent exrert.
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S5+ Accident. Frevernlion

The Kemeny Commission recommended that each wtility cowrany
nave & safelty review drour rerorting directley to tor mansgement.,
The ranel in ite oren meeting on November 12thy 1979 ascertained
that both Eostorn Edison and the Yankee Atomic srour have such
review dgrours and details of their comrosition were dgiven to us.

We recommend thast these drours should each include orme or two
membeors  with 8 wider ranse of ewerertigse tham normalle found im the
tility comranies——-such as a chemical ondineer or rhysicist,

It is a3lso imrortant that the ssfety drours include emondg
their membershir some rersons who dorive less than 204 of their
salary from the rnuclear industre to assure there can be no
reasonable doubt about their inderendera .

We are concernea that there he such safety grourss for reactors
close to Massachusetts borders? Verriony Vt, and Seabrool.e MNH,.
Althoush these are now rFrart of the YVarnkee Altomic drousy  the
situstion 1is in a state of flusy and ws are concerned that if thew
become totslly inderendent thew maw have too little internal

wrertise to draw ome The adecuecw of thesz in house safely srouss
should be reviewed by the Cabirnet Task Force as suddested 1in
recommendastion 4.

We sudsest that the Commonwealth consider establishing a
safetw review committee of comrelernt rrofesszionals able and willins
to work tard. The srototyre fTor this committee would be the
Advisory Committee Tor Reactor Safesuards (ACRS) to the Nuclesr
Regulatory Commissior. This committee hss a2 high rerutation.
(recommerndatiaon &)

We make o suddgestion Lo the Cabimnet Task Force mnobl covered by
the Kemenw Commission that thew comsider establishing an arnornumous
letter office associsted with this review committee Ffor gssletly
auestions.

We are fTullw aswsre ofry and sharey the deer snd rnatural
rerudnance  of Americamns for sronumous letters which auestion the
honesty and comretence of individuslsy wrivate citizemsy rublic
officials or roliticiams. EBEut in the matters of rublic safely we
feel there might be some modificatiorn of this zbsolute stand. It
should be made clear that any letteor will bhe tramscribed before
beird rassed oné  that no attemets will be maede to locate Lhe
serndery  bul  that the conlents mas e achkrnowls i bhe wublic
rress, 0OFf courses arnwone violating the smonumity snouwld be subdesct
to-arrrosriste civil roenalties,
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6. Radiation Monitoring

The Muclesr Redulatory Commission rerortsry esreciallue NURES
0558y indicate that the amount of radiocacltivity relessed to tLhe

ublic at Three Mile Island was rmot larder and 1t was released

through filters out of a3 tsll stscky angd diserersed throushoul the
surrounding area. .

fis 3 resulty the effects on rublic health are rrediclted to  he
miniscule. While this is verg reassuringy we zsbed the following
cuestions of the rower rlamt orerators in Massachusetbtts and of the
agencies of the Commonwesltih?

1. Is monitering adecuate Lo ensure wunderstanding of  the
small releases of radistion in ordinary oreration?

2, Is the mornitoring adecuate to make an ex rost Ffacto
measurement of rsdistion dose in the event of an accident
in which the releases are the sire of those.st Three - Mile
Island?

e Is the monitorinmg adecuste to messure radistion releases
in real timer so thalt indications can be given of whether
snd how to evacuate? :

On October 12y 19792 3t 51 oren meetindgsy the renel discussed
these aquestions with resresentatives from the rower comranies: the
NRCy the TDerartment of PFPublic Heallthy the Nerartment of
Environmentsl Quality Endineeringy the Derartmant of Fublic Safety
and the Advisory Committee om Radiastion Frotection.

It seemed clear that most of the monitoring 1is deared to
releases in ordinary  oreration and that a3 socod Jdob can be done
under ordinary conditicns.

In accident conditions the situstion is likels to be less
sastisfzotory, At Three Mile Islamd the stsck dHas wmonitor
saturateds and as the incident Frosressed no orne was able to tell
how much radiosctivity was being released. This could only he
deduced from meteorological c¢alculations and deses measured i the
field, Althousth doses in the field are in-the finasl analusis what
we reed to knows this leaves out am imrortant riece of information
which would bhe rarticularly useful for dimmediste srediction of
hazard in the event of an sccident to aid 8 decision gbhout whether
or not to order an evacuation. ' '

We were told that . it would  take over 5 wesr to in;stall
ecuirmnent st Bostorm Edisomn Co. Filgrim Resctor that would rot
saturale under accident conditiomnss i.0.0 dimstruments carable of
indicating the levels of radiation that mizbht be exrected in the
event of 38 serious accidents While we believe that this maw be
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S true  for 8 bureaucraticelly accestshle monitor—-—-one which has bteen

arrroved in advance (on rarerds is firesrroofs amd so  on——it. scems
to wus that a temrorarye one that could measure the unusualle lsrdge
amounts of radiosctivity dim am  asceident couwld and should be
available in a8 weealk. We urde thal such a2 monitor bhe oblained
rrometly and thet the Derartment of Fublic Heslth assure itselT
that this did take rlace.

Although the 2 nuclear rlamts in the Commonweaslth are no
better eauisred Lo measure stack gas effluents during an accident
than vere those in the Stste of Fennselvaniar thew have beern belter
eauirred to meazsure releeses at distances remate from the slanl in
the event of sn sccident amd the provisiorms Have been recentlu
improved., UDetsiled rlams exist to use the reswulls from ground bhase
monitoring to uickly estimatle the madnitude of the radioasclivity

release. Twice &s many radioluminescent dosimeters are now in
Flace around Fildgrim I as wWwere arcound Three Mile Islarnd. The
comeanysy the NRC arnd the state sersarstely maintsin dosimeters which
are checked adainst eact cther. . .

Whern it comes to om-lime mornitoring the situation 1is less

clear. No stations exist with contimuous recordind monitors.
Monitoring derends uron radistion monitoring feams which csn bhe
sent out a3t the first sism of trouble. M '

This ensures that calibrated mormitors are used, but it desends
entirely on word of mouth Tor immediate feecdback, In retrosrect

this worked a3t Three Mile Islandy but we have sone misdivings ahout
whether the feasdbhaschk i1s adeauastelys sromrt amd whether radiation

survey teams will e -ent out early enousi

At Three Mile Island the orerstors reslized there was troudble
by &6 a.mer the radietion level in the contzinment went wuse to 25
mr/trsy more than fifty times mormaly at 6130 emery but rmnot ontil
6154 3.m. was a site emerdency called and radiation monitoring
tezms disratched, Bg +this +time the radiation level in  the
containment had risen to 400 mr/hr (it rose to 100,000 mr/hr L= 100
R/Zzbird by 71200, ' -

Althoush  the rmuclear endineers at Three Mile Ialand
(incorrectly) meassured a high dose of 40 R/hr in the containment a2t
159 3.m. 3nd calculated s dose in Goldshorousgh of 40 R/hr dus  to
the rreserce of noble dasess it was not mmtil 73148 a.me  that
aecurste messurements were made confirmimg a8 low dose. Fart of the
delaw was 1in checking ecuisment—--—which cowld have heen chechked
anylbime in the rrevious 3 houre ifT the monitor: tesms  had  been
alerted,

Althoudth we auestioned Lhe rower comrany  rerresenltlativess it,
is ot colesr to wus thet if an emerdencuy occewirs in Massachuselts
there will be any more rarid resronse., We wer not  told of  the
existernce of  esroceduores which identify sreciPic zvernts bLhat would

]
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lead tol
1. Summoning s radiation survew team to the site

2¢ Checking idnstruments and ensuring that a3 vehicle i
availabhle

[3H]

3. Sending out rsdiatiorn survey teams

We recommend that this asspect of emerdency readiness be
clarified arnd imeroved. A suddgestion Wwas made to us that 2 stachk
gas monitor be instzlled Lo read directly into a8 state bulldings so
that there is immediatle indication of rroblems. Such a readoul maw
be useless unless it has well defirmned roints which trisder a
TESFQNSE . The rower comeanies ardgue that the informstion sumrlied
could be misuszsed by an overly exuberant rublic relstiorns official.
Yet .it would be & sasfeduzsrd adeinst failure to obtain asdeauste
information from the resctor orerators, This misght occury. for
examcley 1f sabotlade amd terrorism were the cause of the accident,
We urge thaet this cuestion be re—-exemined by  the  Cabinet Tashk
Force.,

At the eresent times the Tersriment of Fublic Hezallth is
resronsible for emerdency monitoring while the Derartment of

Ernvirormerntal Quality Endineering reads sOome of thie
thermolumirescent dosimeters for the lewrartment of Fublic Hezlth.
This we believe 1o be a8 sensible arnd srorer srrandgement. The

erartmert of Fublic Heslth has monitored radistion devices for
many wvears and has exrertise snd staff who routirnelwy wmonitor
radiation sources such 3s medicsl x-raw equisrments and thus their
skills and eauirment zre kert ur—to-date. All of their statf is
avaeilable in sng emerdency. .

The reasons Tor the assidgnment of this resronsibilite to  Lhe
Derartment of Fublic Health may rot he ohvious to the ewecutive and
ledislature inm the future snd we recommend thet the Desartmert of
Fublic Health be formally desisnsted +the lesd sgency o svoid
rossible confusion.

We note that there are a3 number of rersonnel throughout the
state who have training in radiatiorn monitoring who can be called
urony some of whom Torm the NIAT tesms discussed earlier. However
theuy maw not he rresent during the criticsl early stades of an
accident,

We mote that in 3 mador rmuclear accidents the total quantity
of - the rnohle #ases and aleso a8 large fraction of the iodines
tellerium or cesiun rresent ss fission sroducts in the Fuel mignt
be released, It is these last three elements that accournt Tor
estimates of larde rossible hazards to rublic healthr simce they
are absorbed by the human body and iodirme concentrates inm the
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thuroid. Although il is reassuring thaelt at Three Mile Island ]
19 curies out of 30 milliorn curies of iodirne sresent were releasseds
(because of chemicasl rslate-out =snd bhecause of  fillers) it 15
rossible that in @ mador sccident such fillering rrocesses would be
raridly satursted.

The iodimne which has a half life of 8 daws can be sn imrortant
contributor to the short term hexsvd and Lhe rossibilite of ils

relesse would domirnate sny evacuation Plrn%. This is made very
clear inm & rerort for the Council on Ernvironwerntal Gua]itw b Dip
Jarm Bewes of Frincetons and in s 1978 MROC rerort (HUREG -1131) by

Aldrich et 8l of Sandia laboratories.

Tellerium arnd cesium are rarticuloles z2nd to be released
recuire evaraoration of core sroducts. Their relesse is less lilely
than the iodine relesses but thew are also imrortarnt and are &
lormsger term hazard.

For rurroses of Judding evacuation slanmsy therefores a rarid
measurement of ilodine snd rarticunlatc relesses seems 1o be very
imrortant. This is not made clear in the N.R.C. guyides  on
emerdgency slanning. There are rresenltly no adecuslte monitors which
distinguish these releasesy althousgh we wore Lold thset thew asre
forthcominsiy and the imrortant distinction betwean relesses with
and without sarticulates is mot included in anw of the emergencw
rlans rFresented to wus. We recommend that all rersonnel involved
with messurement of radistionsy and with rossible evacustions learn
end understend the distinmction beltween the effects of rnoble das
relessery iodine relesse and rarticulate relesse,

Two mitigating features are worth rnoting,. Firsts if reorle
are exrosed to icdirner some of the effects can be reduced by tshkinsg
medication—--csuch &s rotassium iodide—-—that blocks the uwurtake of
iodine in the thurvoid, The Commonwealth should ensure that in the
case of asccident it hss access to an 3decuate sursly  of  such
medicine within 24 hours.

Secondy the cesium and Ltellurium release is a long term hazard
for which sromet evacustion is rot essential,. Evacuation amd/ar
decomtamination subseauent to the sccident canm rprudently be
rostroned until radiosctivite levels are zctuslly messured.
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7. Fildgrim I Orerasting Staff Radistion Exrosures

There has been some discussion  about wnusual  levels of
exrosure of workers to radistion st Filsgrim I

Cobalt steel im a reactor vessel becomes sriioactive a5 &
result of neutron bombardment,. Some of it leaches into the reactor
coolant system srnd is convewed to 3ll searts of the reactor. This

radiosctivity should bhe removed by filtersy hut it serrears that
these filters were clossed in the Tirst wesr of oreration of
Filgrim I &nd redicosctive cobalty Hzlft life of 10 yearsy was
derosited on manw rarts of the reactor coolant sestem. This
rroduced unnecessary radiation exrosure to the resctor staff. This
was clearly a mador error on the rart of the Roston Edison Comeang,

A graduste student at Harvardy MHMr. Huffmany has measured
radiation at several slaces near the reactor arnd confirms that
indeed it is dominated bwe cobslt &0, U2 are informed that over the
rast two Years 3 massive effort has been in rrodress to identifgy
rerlacey or shield radioscltive risindg.

The cccurational radialtion doses addod ur over 211 emrlovgeess

was 2000 rerson rems in 1977y angd this Tell to 800 rerson romsg in |
19279, The originmnal high radiation doses were a «idn of slosew
management . However the doses have remsined withim the standards
reccemmended bw  the Intermationsl Committee on Radiological
Frotection and have now been reduced. We urdge continued efforts in
this directior. In addition to cleesning and rerlacing riresy we
urde that the orerating staff continue to ray attention to the
level of their own exrosure to radistion. StafT members can reduce

their own exrposure levelsy by careful avoidance of rlaces with high

radiztion levels but Roston Edisorn must Frovide the framework in
which this can take rlace.
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8. Accident Mansdement

At Three Mile Island am incident was allowed to escalate into
an accident. Evervone seems to adgree that orerstor training is Lhe
Frimary coure and imsroved slant control desigan 38 secondary  cures
we address at this time a3 third issue of resronsitility during the
accident. : ‘

Mr. Olsorr of. the Derartment of Fublic Safetwy told wus that
the 1law is clear, Gerneral Law 1448 of the Commornwezllth states that
the shift endgineer nas comelete resronsibility and in his  shsence
the shift surervisors and then the most sernior orerstor takes over.
If they think it is arrrorriater thew can ask for angone rresent to
leave the control room,

If an sccident develorsry additionzal rersormnel are semnt to a
technicasl swurrort centery serarate from the conmtrol room. When
radiation is releasedr am emerdencs control center is  established
and it is to this center that radistiorn momitorinsg teams rerort and
where a lerartment of Public Hezlth officisl does.

We are concerned that not evervorne is clear on the chainm of

authority,  In view of what hasrened st Three Mile Island we
believe this can be 2 very serious sroblem. We wunderstand the

authority and reswonsibility to bhe as Tollows.

Ta orerste the reactor the chief engimeer or his deledaltle as

above. To measure radiations whoever 1is in charde 3l the
emersgency control cernters to sssess radistion and whether to

recommend  a3n  evacuatiaom! the Derartmoent of FPublic Health throudgh
ite reesresentzive at the emerdgency cormtrol center. To carry oul an
evacuatians Civil Defense from an emergencs control center in
towr.

A reactor crerator at Three Mile Island decided to release
radioactive =as oul of 3 sterade tark a3t ¢ s3.m.s on Fridayy Maerch
30th to errevent @ more serious situation from develorings it wass
Mis  suthority Lo do eov bt he did not inform those monitoring
radiation to exrect a sudden increasery causing  JUnmeCessaryg  alarm.
IT 8 resctor orerstor in Massachiuselts decides to initiaste such 8
release he should discuss 1t with the rerresentalive of the
Derartment of Fublic Health and to give as much warning a3s rossible
to avoid confusiormsy aslthowudgh he is not recuired to do so.

‘ We recommend that srocedure relative Lo chain of command
during  an sccident  he clarified and that it be made kriown to a3ll
who might be i1nvolwvedd. Im our mealing of November 1%90Lh we were not
convirced that evervone sdreed to who has aulthority for whal. In
our view this ie imexcuseshle and we call it to the asttemtiom of
Lhe Cahinel Task Force.

It arrcars that a2t Three Mile Island the orerstors were



FAGE 23

reluctant to call]l im hels, Im our meeting of November 172Lh it
became clear thet most oreralors would be so  reluctsnl--indeed 1t
ie & natural humar characteristic which can be fournd in other
situations. It was rerresented to us thst after & tramsient the
orerators mush First bring the reagctor Lo @ stasble condition before
rerorting the situstiony thaelt the solubtion to Lhe orerator errors
at Three Mile Island is better orerstor training and that after
such traimingy orerstor duddement will be 3s dHood a8s thalt of s
surervisor. We sre rveluctsnt to sccert this.

That 9 oreratorss in a3 Lime of slress should 2ll make the same
incorrect disdnosis Tor 2 1/74 hours does not surerize us since thewy
were working together in the szme situastion. It is rossibles
althousgty  Tar  from certainy thalt ancther rerson comind in fresh to
the situstion and rossibly wilth & different training couwld Tind
their error.

We find it strandge that an orerator can turno off an emerdgency

sustem (the FCI) Wwithout immedistelw c3lling his surervicors or
mawbe his surervisor beind called auvtomaticallws. This ture of

eractice needs reexamination arnd we recommend 8 rrocedure whereby
surarvisors would be donedislelwe celled without Jdudsgememnt om the
eart of the orerastor under certain circumstances.
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Q. Emerdgency Flasns

The erarmel met with the Civil DNefernse Director amd his staffy
together with rerresentatives of Bostorn Edison Comranws the
Derartment of Fublic Hez2lth end the Derartment of Fublic Safetuy at
the Civil Iefense headeudsrters in Framinghamy Mase. on 1&th of
July and with rerresentatives of the wrower comraniesr the Ciwvil
Iefense Directory the local communitiessy NRC and the state agencies
(Desartment of Fublic Heslthy Dersrtment of Environmental Qualits
Ergimearing and Civil Defense) on Fridsuyy Qctober 12,

c
general cemerdency vlan which hss been well tested, There have bheen
four recent incidents i the Commornwesltiy inmvolving evascustion,
These ares

On brief examination it arrears thet Massachuseltts hes a  good
]

1, Elizzerd inm the Boston area Februsre & and 7 1978

2+ Hurricame Eelle in Care Cod and the Islardss Aus. ® ang
10y 1976

3 Chlorine tarmk car overturned in Western Massachusetbttsys
March 919446 -

4., Frorane tank sccident at Tewksburyy Feh 951972
During Hureicane Belley 17+000 reorle were evacusted within 4 hours
from the initial decision. Fromet evacuatiorn aflter hurricane

warninsgs hos saved mans lives in the U.S. in the rast.

Although the situstions are similary there are imrortant

differences. Im the case of hurricarmes there is advanced warnindg
of the storm and the decigion Lo svacuste will rmiot rmormally catbtoh
FEOFLE LUNIWITE, Gf coursers thie rneed nobt harren in & nucliear

incident, It is reesonabla to exrect a3t lesst 2 hours rnotice of 3
maJdor radialior relesser and limited windsreeds can erovide more
time. A&t Plemouwth the local authorities feel thew cam alert
gvargorne  within 10 miles within one houry with & slreect by streets
homwe hw homner nobification. The vast madorite of reorle wowuld he
rnotified within a shorter time.

This suggests thsl evacusation can be comrlete before hidgh
radiation doses occury erovided thal the initial warninds based
either on radiolodical measurements or reasctor orerstion from the

regetor  stalff  are eromet snd srovided that reorle are adecguatelw

inTormed in sdvance aboul what action Lo take.

There 15 & weohlom with evacuabion in nuclear incidents which
we feel has not e adecusleluy sddressed;  rsucholodgical concern
for ruelear everls is fTar drester than that  for other evernlts of
similar caleulated risk, We have only to comrare the casusal media
coverage of Lhe Canzdian evecuation of 250,000 from 8 redionm of a

N
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seilled coblorine tank car to the coverade of the Three Mile Island
incident to know thalt there will be wore fLrawma in the nuclear
incident, This maw hinder evacuation. '

‘The raneld asked fTor detailed rerorts. on each of  these

imcidents  wilh & discussion of the successes and failures of the

wlans.,. We were dicarrointed that we onlw got ress  summaries of
some of themy althoudgh corne was more Lhoroushly reviewed.

The Cabinet Task Force coould ask  that the Civil Uefernse
authorities csrrwe  oul =ostmortems on gecen evamouation incident and
on the sractice drills and w2 recommend thst Lihe rower comranies he

‘asled to  include these rost mortenm rerorts im srersornmel traicicst.

Althoush thews can then e acoused of merelwy besng  reads  to  fishl
the last wery that is better tharm mot being reasdy to Fisht a8 war st
all.,

In dHenersl we found the written ememdgency wmlans to  he
incomelete and lacking im detsil. Dur confidemmce that thew will he
adeeuate stams more from oral discussion thars from the writuien
submissions. Simce rersonnel maw change angd .can only be exrected
to read the written words and not the minds of their rFredecessorssy
wriltlern #lans are imrortant.

We have been informed that evascuation rflans are now beindg
rewritten to intesrate 2311 asepeclts of emersiency rlanning in one
documenty listing clearly the sssisgrned resronwsiblities. We hore
that this slan will answer these concerns, THie Csbirnel Task Force
should satisfy itself thet this document is com=lete.
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10. Review of the Communications inm the Evert of an Accident.

Ore of the mador sroblems in the Three Mile Island sccident
was imTorming  the rsunlic. There were:- failures by  {the mower
comeanye the Mucleasr Resulastorwy Commission and of the sress  snd
mediz dgernerallu.

Fower comsany srecs releases were not sufficiently detailed,
Fress statements were made which arreasred to be contradicted hy NRC
officials on the srot and in the Hethesds hesdausrtersy  and  there
was a3 lach of understanding by the sreassy radioy and TV,

In retrosrect the officisl rFrress relesses of the Nuclear

Redulastory Conmission were dood. They were brief» rrecicers and
accuralte. But they were hard to obtasin. The rublic wowld have

beern well served if the rress had srimted them verbatim. One of
the recomnmendationss therny of this re2rel is  that the rFress be
recuesterds in an emerdgencysy Lo erint officisl rsress relesses
verbetim (and mske whaltever sdditional comments thew choose to make
seraratelu),

Alsoy il is imrortant that Lhe rower comerany have 3 erocedure
for siving adecuate rreass releases snd ot merely leave this to the
Nuclear Regulstorw Commission since  the FOWET CommPany is
resronsible for the rlants mot the Nucleasr Redgulatorws Commissiorn.

The Kemerny Commission recommended that im  the event of an
accidents the tility CORF &y should continue to have
resronsibility for oreration and for dissemimation of informstion
to the =ublic. In srincisle we adreey bul have some causlms abhout
the ahility of the wbtility comrzny to srorerly inform the rublic,
Accordinglyu wer  reconmend  that the resronsibilties of rsublic
communicstions be handled by  rerscons more technically qualified
than the usuzl sublic relstions staffe This sersomnm or FETSONS
should be technically comretenty have access to 3ll  informaltions
know the special skills of easch membher of the Nuclear Safety
Advicorz Certer set wus hw the Electric Fower Resezsch Institutes and
develor an onzsoindg rarrort with the sress.

In the davs subsecauent to the Three Mile Island accidentr the
issue thst caused the most confusion and ranic was that of the dgas
tubtile (or bubbles) in the reactor vessel. .

At about 5 r.m. omnm Wedrnesdaws March 28y +the resctor wes
rerressurized snd shortly theresfter the reactor coolsnt rumes were
restarted, The reactor sressure did not rise instantaneously s
water was added showing the sresence of a das bubble. The #das was
slowly bled From the relief valve st the tor of the eressurizers
but  evern when 31l svaeileble soe hod bzen bledy measurements of the
chandgr of pressure with smount of lieuid showed a residusal bubble.

Orn Thursdsgsy March 29y the chairmasn of the Nuclear FRedgulatorw
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Commnissiorny Tir. Joserh Hendries zslked a series of ressonable andg
erorer auestions,  What is the dss? Could it be hwdrogenT Could

it bhe an exelosive mixture of hwdroden a2nd oxuderny disassociastled
from water bw radiogscltive bombsrdment? We mow krow thaet it could
not Have been huydrogen and oxysgaeny hut do mnot krnow whelther the das
was hudvodger or stesm or in what rrorortions.

The NRC staffs under Dr. Roger Mattsony made calculastionssy
arnid said that Lthe bubble could he comrosed of hudrogsen and oxzzen.
This led to vconsiderabion of Lthe sosaibility of am exyrlosion in the

reactor vesesnls larde enoudgh  to  cracl  the conlsimment vessel,

There was a Flurry of aotivitye a2t NRC whish g0t their contrazctors
to calculate ab initio the rrobebility of easch of these,

Not wurtil Sundawsy Arril 1y was it cleasr to the NRC staff that
thew hed mede &8 mistake in the caleculationsy thset a3 mivture of
hudrodgen and ovudgern could nolt have been rresents that 1if it had
ignition was in asnw case unlikelws and that an erFlosion corsumindg
all the sgss would riot have craclked the containment. In subsseuent
congressional hearindsy Lhe NRC staff armd in ssrticular v, Roser
Mattson arolodgized for the errors Meanwhile on Fridsesy March 30y
the Governor of Fernmswlvanis arnd bis stalff were in confusions rot
knowing whalt to do or whether to order an evacusation. Some
citizerns were close to sanic.

In retrosrect alsor an examination of the calculstions in the
NRC rerort of Aldrich et a8l alrasdy referred tos which was alresdy
available in 1978y suggest that sven if 2 comrlete core meltowns
with contzinment vielations had occurred on Friday Msarch I0thre no
immediate evacualion bhe 2 miles would have been called Jor.
The shorl lived radicactive elements had deczuedr and simce Three
Mile Islaend I haed ornly arerated st full rower Tor three monthse
the lons lived ones had mot built us,

What shouldd we hore for in these circumstances? We want to
encoursa?  those we charde with srotecting us to ask reasonable and
srorer uestions The answers Will mot alwasws bhe accurste. But
thera were men at  Beheoook  and Wilcowms zt the Electric Fower
Researcoh Institute and Motros=olilan Edisornr Co. who had  thousht
throush the srobhlems hefore ard krnew  the right srswers, Some
others stesdfsstly masintaimed (correcltls) that there was ro

rroblem. Moreover some of the NMRC contractors. krniew the answers.,

This ranel does mol kriow whethery how spony and  im what waw
the rizsht  answer was givenm Lo MNMRC by Bahcoecok and Wilcox arnd the
Electltric Fower Resesveh Institube, The answer may  have been  too
brief and without the backus necessary Lo he believed or it mav
have rezehed an overly tired or sudnacions NMRC stalfftor, It sesms
to wsey  howevers that dn Llhese douws  of teleshoresy TV and Jdet
agircrafly thot 3 daws is too long 2 time Tor Lhis and  that there
was  a communicetions  foul-us  of modor srorortions. The srimary
resronsibility must lie with the utility comrasnss the eresident of
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Metrorolitarn Edisorn Co.y who was in charzgs of the reactor and did
nolt ensure that technical cuestions gat adeauste Ltechrnical answers
ineluding sufficient deteil to ensure accestance.
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11, Tramsvaortation of Radioactive Materisls

There sre several "levels® of radioscltive waste which muslt he
shippec? ' :

1. Hidgh level waslhe-—mostly srent Tusl from reactors which is
to a lardge extent @ fTuture rroblemn.

2. Low level uwsste--e.d. workers’ clothing with small
amounts of radioactivitu,

2. Tramnsurasnic wastes where the level is low but the
half-lives are long. '

Fadioactive sources for medieal and industrial wse are also
shirred in  the Commonweazlth and have chsracteristics similar to 2
and 3 abave. The rules for trarsrortation of these sources arey
and wrobably shouwld continuwe to bey the same a3s  those for
trensraortation of waste.,

The hidgh level wastes are the ones which rersreseont a3 rotentisl
maJor  hazard. Thess wasles comntain the Tission sroducts snd the .
trarmseranic elewents from fTission.

High level shirments that can bhe foreseern inm and  throush the
Commonuweslth of Massachusatits are of comsrlete srent fuel rods.
These will comtain 811 the wazte inside the zirecallow tubes wunder
normal circumstances. The srent Tuel will not move from the
reactor site Tor wmang months——or sven wears—-—after romoval from the
reactors  and  mach  of the short lived radiosctivity (rarticularly
the gaseous iodime 131 arnd xenon) will have decawed, However the
regulations  shoulad  anticirate that if there is a8 reactor sccident
where Lhe Tuel rods zre coracked orern a3s 3t Three Mile Islands

earlier transrortation maw be desireable. In the evenrt of a
tramsrortation zecidenty most of the materiz)l may  he wrected Lo
stavy  in rlacer with & rossible ewcerltlion of cesium isolores.

o

Transfer of radiosctivity to the biocsehzre mizht take rlsce a3 2
result of disesolving in waters; or zgirborne diswerzion by mesns of |
an (externally casused) exslosion and fire.

To suard adainst such evenlsy unlilkelw though thew maw ber the
hisgh level wastesy irneludindg fuel rodsy muast he trarmsrorted in
srecially desigrned containers which are ot likele to bresk in  the
evernt of collisionsy drosmingy imwersion im water or fire, The
grecific criteria asre serelled out in rules of the U.S. Derartmant
of Trensrortasltion.

The U.5. lasartmernt of Transsortostion rules 3lso srecifwy that
the shisment shall travel by a route thalt avoids rorulation centers
as much as rossible. This is an obvious rule to avoid sroblems in

the event of an sccident, The errobhlems could he of two tures? 3
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real aseillasde-—an event considered to be very wunlikelu; or an
accident where the truck is destroseds bhout  the shisring ceshk
remains intact. It is dmerortaznt to realize that ever in the latter
Ca3Eey there will be considerable disturbance befTore it is
ascertained thal rmo radioscetivity is srilled, Thus in either case
it is desirable to take =  route which minimizes the accident
Frobahilitu, More tham one desigmated route is nmecessary to allow
for closed roads and so forth,

AL the eresent timey the Derartmnent of Public Healih is
informed of every shisment dnvolving muclear fuel andg medium aor
high level wastes (but not incluading the numerous shisments of  low
level medical wastes.) In the event of am accident it is then
rrerared to send the arrrorriste rersonnmel and monitorisg equirment
to checl for srillade of radioasctivits,. '

A rublic hearing of the U.S5. Dersartmernt of Transeortation has
been - scheduled in early 1980 to discuss this matter further. It
seems likelw Lhat the sreference Tfor direct routings will be
confirmad, Some  shirmernts (from the Universits of Lowell and MIT
reactors) will rrobably bhe made within 3 wear thereafter.

A auestiorn ahout direct routings arises because the
Massanhuseltts Turrrike is srivately ouned., The Turneike Authority
feele an obligation to hondholders mot to allow ang cardo to travel
along the Turmrike for which there 1is nol adecuate liebilitw
insurance., ' )

Ahoutlt 9 wears agor subsecuent to the licensing hesrings. on
Maine Yaokee Atomic FPower Flsnty the Mainme Turnrike adreed to z3llow
shirments of wsste on 2 rezular bzsis slomg the Mazirne Turneike from
Brunswick to Kithterwy, This was 3% the recuest of the states made
through its Alttornew Germeral and with 55 understsndimg  that  the
state would srovide 511 necessasry molice escaorlt srd reimburee the
turrnrike authorite for smy clean ur exrernses and any  lost  revenue
in case of an accident., This was based on &8 business Judgemanti
not only is the Trenuencwy of road accidents on the Turrmeike less

i
tham on city roadssy the clearn ur costs in the countruside are less

tham in 2 city.

About five wears ago alsoy the Mew Hameshire Turnrike made a8
similar arrazrdements arnd Dr. Alsn Altshuller» then Secretary of
Trancerortation in the Commornwaalth of Massschusetts marde
rerresentalions  to  the Massachusetts Turneilke Authoritu., We have
rno record of the regsulty but imn 1272y MIT hzad to shir srent fuel
from its rezctor slonyg route 20 instead of the rreferred routes Lhe
Massachusetts Turprile, Im 1775y the committee set ur by  Governor
Sardenty and rerorting Lo Governor Dubalis (the Rathdens committee)
also recomuenderd thal the Turrwike be used Wwhen it is the most
direct route.
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Mr. Irisceonll of the Massachuseels Turnrilke Authority raised

Cthe euestion of liability to bondholders both in writing snd ovally

at our Necosmber 14th meeting snd commented that his insurance costs
would incresse were ragiosctive shirments to be rermitled,. Wae have
sumeathe with the sroblems  of  the Turnwike Authorityy  but  are
concerned  thst 1l hzs no rositiv siydgestions aboul how fThese
concevrns misht bhe resolved., The Maga:‘huﬂaotr Turneille Authority
has  some oblistation to the residenlts of the Commonuwealth in return
for the undervtaling of the legislasture not to rermit & comrelbing
aoal weasl Troewau,

While the Frice-Anderson Act srecifiss that there shall be
$560 million in dnsurance to cover accidents Lo lifer limb and loss
of erorertu, UWhelher lost ravernues would be recovered will be
determined in  the courts as various colsims resulting Trom the
accident a2t Three Mile Island zre litigated, A guestion has been
reised try the Massachussels Turnsile Authority arnd  Lhe
Massachuseltts Derarimernt of Trarmsrortastiony whother $540 million is
ernough to cover costs of 3 severe tramnsrortatoion zccoident.. The
aceident wilh th2 most severe conseQuUence would rFrobobly bhe one
resultinsg  from sabotbtades with an eurlosive fragmentation of the
load, It swews srohabhle thet this would be less severe tham  Lhe
most sevious reactor sceident simce only a few rarcent of the total
Tuel inventorwy would be carried at any one timery and then wususlle
orly manwy wears asfter removal from the resctor. Issues such as
thisy should be razised in the forthcowming hesving of the U.S.
Derartnent af Transsortation. ’

5

Most of the above discussion is srecifically relevant to the

trensrortation of thigh level wastes. I our view the sam2
criterions avoiding rorulsted centers when rossibles couwld well

aerela Lo a3ll radiozctive materizly irmcluding radlo et ive sources
for use in medicine ornd irndustrw,.

It is idmecrortant that &t the forthcoming hearing ol the
U.,S.harartment of Transrartationy that the asdenciles of
Messzochussets should srealk Wwith 5 united voice if rossible asnd if
not  that each bhas s thoroush understanding of the concerns of 211
other state adencies involved. At our lecember 14 meetings Or.
Farker for the lerartment of Fublic HealthsMs Murraw for the
Ierartment of Tramssortations and Mr Iriscoll Tor the Massachussets
Turnrike Authority ssgreed to trw to develosr a3 common arerroach.

We recommend that.s listind of these recomnended routes be
kert i the arrrorriste state offices to avoid the cofusion now
created by the circulation of insccourate erivate lists.
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- : i2. aste Disrosal in the Commonwealth

A larse amount of radicactive waste is  dgenerated i the
Commonwealths althougn the foeus dis srimarily on the waste
gererated hy the roWer slanltsy there is a8 significanl emount
genersted by hogsritels and research leboratories,

The classsification of waste by radicsctivitu—-—highr mediums
and  low-- corressonds  arrroximatelae to 3 clzssification bw half
life. The modiuam and low level wastes are wsually fisceion rroduacts
of half lives less  Lhen 20 wearsy whereas the high level wastes
contsin a3leo some transursnic elements with half-lives of thoussnds
of uvears.

At the momenty the high level waste is retsinedy in fuel rods
on the site of esch rower reactor (the fuel of the research,
rezctors at MIT end lLowell University &sre tramsrorted oulb  of
state). Althoush some of the low level waste is kert on rezctor
site Tor a while: most is transsrorted to & federsl rerositorvyse asnd
8l1l the medicsl and research waste i¢ so tramsrorted.

Originallye industre elanned to remove the fuel to a2 central

TRFTOCRGS 1M slant to wtract resicdusl  urenium a2nd usetul
Flutoniuny and to leasve sesarsted wastes for ultimats burial. The

desire to  limil the free aveilshility of elutoniumy and Tinsnciazl

constraintes have led the U5, Government to foreso this srocedure
urntil sga2auate safedguards sgeinst theft of =lutornium zrod
international suarantees adgasinst proliferation of nuclesr wesrons

are  availahle. Urtil +there is resrocessing or  erovisiaon for

rermanent disrosaly the fuel rods will erobable not be removed from
the rezctor ssent Tuel eits and  this method of storsge will
continua to bhe rermitted Tor ss long as the reactor site remsins
orerstional., .

Sirce this was not the scenario rlanned for when the rlants
were built we recommend the Cabiret Taszsk Force sstiscfu itlsell that
adecuste attention has bheen diven to the ssfete imrlications of the
chanse in Flans. ’

The relstionshirs between Massechussets and other statles would
e much imerovesd if Massachussets had its own storade site locsted
within the staete or redgion for low level waster which are mostlw of

half lives less tharn 100 wesrs, Accordingly we concur in 2
recommendation of the dAdvisorw Council om Radistiom FProtectiors
that the Commonwaalth axurlores Frobasbly in comcert with
neldhhouring statesy the setting ur such 8 rerositors, This  could

be dome din corddurction with towic waste dissos Whidon s now heing

cormsidered Ly Lhe Desasertment of Zovironmentzal &aifsive.



FAGE 33

13, Suitesbility of Flymouth as a Site for FPilsirim I1

Ore obvious auestion which is raised =as a3 result of the
accident at Three Mile Islend is whelher Flumouth is 3 suitable
site Tor a second resctor, The rrorosal to build this rlent was
made severasl wears agoy and althoush & construction vermit hae not
gt beern lssued bw the Nuclear Redgulatory Commizsions the licernsing
hearinsg hazs alreasdy been the longest licensing hearing in hisztory,.

Manw lssues are broudght oul clearly by the *Frorosed findimss
of fzclt snd conclusions of law® submitted he the Aattormew Gereral’s
office of the Commonwealih of Msssachussels onn November Sth 1979,

Thecse issues are.

I Fimanciazl ccualificaticons of Rostorm Edison Co. to
construct & sower =lant. '

II. The adecuacy of the quality assursnce of the Beohtel
Corroraton and of EBoston Edison Co.

ITI. The need for mower,

IV, Altarnative energy sources.

V. Alternestive sites.

VI. FRisks of theft or sabotase,
Issue; onAwhich ro testimony has béan submitted:

VII. Emerdgencd rlanninsg,

VIII. Cost benefit analuses.

IX. Sa2feltw issues subseauent to Three Mile Island. (The
rampering I-VYI  is  that of the attorney Gerneraly andg VYII-IX is

ours. )

The ranel Teels a duty to comment on those asreclts which
a8 bearing on safety.

On issue Iy the Altorney Gerneral noted that the Fostorn FEdison
Comrany does not have cash  in hand to comslete Filgsrim II inls
desernds with some ortimism on cash becoming svailable, The safely
concern is  Lhat 2 compang which is short of coeh misht be tenrle

to cul cormers armd Lo rosh Lo commernce oseorabtions bafore At is
FrOmRaT,

e recommends thaet the Commommwesllth exercise due vigilencer
rrobahly through the Derartment of Fublic Safetys to onsure that no
cormers are out 4F Pilgedm TT i licensed. T et T force

o Y B W

shioslol T e Pive s bl o af thae Towonred o
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that thew intensife their insfection efforls in this eventusalitw,

The issue I on euality assurance is much more SETious., The
past serforaence  of  Gechtel Corrorstion and  of  Boston Edison
Comranw  which bhebtween them constructed  FPilgrim Lo mast he

considered i sreculation aboul their rossible future rerformsnce
for Pilsrim II. '

There is rmo doubht that both Eechtel and Boston Edison Comranu
macde miastsles,

Ore of these we noted i section 10 on Radistion st Filgrim I,

There have hoen. seversl violations of resulstionss for ome of which

the Muclesr Regulstory Commissiorn fined Boston Edison Comeany
125000,

He hore that bhoth GBechtitel and Boston Ediszon have learmned  from
their mistales. If Filgrim II is licernsed thiz should bhe watched

carefully by the Derartment of Fublic Szfeolu. . .

lesue I1I the need for rowers and issue TV zllernative enerdwy

sourcess nave in our view little direct imract om the current
satelty of nuslear rower and we chose not to discuss  them. To
satisfaotorile discuss these cuestions we would -have to cormsider
the growth of electricity cormsumeltion pboth din the Raostom Edison

redion end in the whole New Englsnd sower sool (NEFOOLD, We would
have Lo consider the desivesbility of rerlacing imrorted o1ls  the
possiblity of imevorting hydroelectric rower fTrom Quebec and whather
znd how soon renewabhle srersw sources such ss solar rsower and  weod
can  be  used. We would slso have to tske into zccount the safetw
arnd health effects of ezch of sliernatives.

Tasus V on zlternitsve sites and issue VII onn emsrgs=ncow

Flannind  are verw much the direct concerns of this sanel, WUe hsve

in section 9 of lhis rerort discussed the emerdgency  slanning  for

Filsrim T. FPilgrim II is rlanmed to have twice the rower of
Filgrim I,

Wnetihar arother site would he sreferable for Filgrim IT i a3
move comsler  oueshtiorn. There are mzrng asrects of site selection
grnd the rossibilte of 38 severe sccident 1s  ornly  one of themns
slthioush it is the one we consider heres. Would Lhe choice of

another site be signifTicantly better in the event of an accident?

It was alreacdy cleer Trom 3 close study of serendix VI aof
Rasmussen’s  resorhy armd de underlined by the morz rocsqnt work of
Reves arnd of Aldrich referred Lo earliersy that Lo ihe suent of  the
mozt zevere  acocidenty there would be Towoer talib: O
sites Lhan obhors, Th resctors at Indizn Foint N.Y. arnc Ziors
Illinois are close enoudh to the rorulation centers of New York and
Chics#o reseectively that an sccident during a northerly wind could
cause  many more Lhan the numbor of 1stent czrnecers caloulasted b

E T
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Raasmussen for an averadge of the 90 rezchtor sites used in 1974, On
the other handy the mnesrest rorulaltion center to Maine Yankee is
EBathe and evern wilh a northesst wind the latent cancer rate would
he 10 times less Lhan averade, '

The Flemouth site lies inbetween theso wtremesy and  the
results of Rasmussen serly almost directly to ite The rprinciral
concern is the lardge rosulation that lies to the rnorthwest. A

great deal of attention heas besn Focused recentls on the question
of siting as 3 salfety issue, We ursge tha Csbhinet Task Force to
follow the discussin closels.

Issue VIIT has no direct safelw conecuences and issue IX  is
discussend extensivelw throughoul the rest of this rerort,

The question of sabotede and theft of rnuclear materiasls which
is the substance of issue VIy remsins very imrortant. The Rathdens
Committee of &8 Tew uwears ado mad: recommzndstions on these
suhlectsy which we csll to the attentiorn of the Csbinet Task Faorce
and the Utility comranies. Frofessor Rathldens testified on this
subdect at the Filsrim II licensing hearing, We were rleased to be
told thaet +the Desartment of Fublic Health has studied these
aquestions: and hes been brieTeds in secrecyy by the Nucle=r
Regiylatory Commission. We sussiest that this also be reviewed by
some members ol Lhe Casbinet Tassk Force.
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prendix I, The Three Mile Island Accident

To determine which state azclions are now serrosriate it is
useful to Tollow in some detsil the course of events hetween 4 a3.m,
orn Wednesdaws Marceh 28y 1979 and the Tollowing  Sundzwy Arril 1y
1979, There are several voluminous rerorts on thisy end we
condanse Trom these a simerlified asccount. This summary s intended
not to rerlace these more comerehgnsive endy  therelfores more
accurate accountss but to rlace in clear lemzusde the rroblems  as
thew arose s that Lthe resder of this rerort can see the
rorarective of the recommeﬁdations. :

Three Mile Island is 20 miles eouth of Hsarrisburg i the

middle of the Suszsauchanns River, Two nuclesar rower rlants are
located theres Three Mile Islarnd 1 srd Three Mile Island 2. The

rclear stesn denersting sustems were in esch case desisrned by
Babhcock ardd WHilco:r Co. The reactors are sressurized water resctors
znd  the relevanl rarls are shown in 8 simerlified disdgram in Tigure
1.

The rmuclear reactor core consists of asbout 305,000 fuel rods
ghout 1/2 inch in diameter and 146 feet longy esch rod is 3 tube of
Tiveconium a8llow (zirvcalloy) filled wilth many ceramic rellebts of

uranium  oxides 172 inch i lendgtih. Iiuring oreration nuclear
fission tzkes rlace within the fuel rodsys releasing cnerdy within
them. The 2ircallow tubes are filled with telium under spressure
and sesled to contein the redicsctivity. The whole is  surreounded
by waler. Neutromns  from the nuclear fission escasre from their

tubesy are slowed dourn by collisionm with the watery  2nd  the slow
rneutrons  reenter  the tubes where most start 8 mew Tission in new
uranidm nucled,

The fuel rods heat ur 3 8 result of the nuclear reactions
rroducing & totasl wower of 2772 medgawaits maximum and water Tlowind
around the rods 1is  heated be them to 600 Fs the waler 1is
rressurized to 2159 sounds eer sauare inch (rsi) (150 ztmosrheres)
to rrevent boiling, The water is rsounred to & hest excharngers
called a3 ornce throusgh slezm generstor (OTS6) where much of the hesat
in the water is removed., The wster then rasses back to the bottom
of the reasctor vessel., There asre two such reactor cooling loorss
each with 2 rFumrs, ALl of this is inside 38 concrete contsimment
vessel desidred to contaim any radioasclivity that would be released
if the barriers of the zircallow Tuel rod arnd the resactor cooling
sustem were to break. '

Stesm is sroducad i the steem deneratorsy where the water is
at 8 lower rressure of 200 w351y and rassed to the turhiney where it
is used to dgenercte electricity, The steam is  condensed baclk to
walter imn the condensers and flows throudh the conderisate sumers and
the feedwater pumers bhack to  the steam  denerstor. These two
‘secondary” loors rass  tLhrousth & renetration in the containment
vessel to the Lturbine room.
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Uarious safetw sustems exist to inmsure thet the radiosctivity
slwaus  sltaws within the fuel rodsd this is done by ensuring that
the generated healt is alwasws removerd and the fuel does mot crack or

melt. To shubtdown Lthe ruaclesr rezction (SCRAM the resctor) toron
shutdowrn rods carn be reridly inserted into the resctor coresd this

can hasren either manuelly or sutomaticallu.

Althoush the nuclear reactiom can be (and was at Three Mile
Island) shul down  in less tham 3 secondr the razdiosctive Tission
sroducts continue to srovide some heasl (decaw heal). Immedistely
afTter shutdown this is a3lmost 8% of full rower or 200 medawalts at
Three Mile Island.

If the main feedwster rumes fails there are 3 auxiliary rumes
to rrovide water to the stesm dererstors. Two are elecltricallu

controlledy and one is orerated by the stesam turbirne. If the
reacltor sressure gelts Loo hizhr there are rressure relief valvess
one - Can e controlled from ocutside the containment

1

(electromasneticalle orerated . relief valve EMOV) and two others
which cannot be orerated from outside the contaimnment vessel are
set altl a8 slighlly hidgher sressuere in csse the first fsils to
orFarate. :

If the water in the reactor evsrorates so thsat cooling slows
downs & rnumber of emerdency core cooling devices exist to sul water
‘back in the core. This water is borasted to ensure that the nuclesr
reacltion ceases. . )

On March 28+« 1979y Just before 4:!00 a.m.y» Unit No. 2 a8t Three
Mile Islard was orerating at 97% of full rowers under 2utomatic
control and had heen for three weeks, Three of the crerating orew
of 4y +the shiTt Toremsn and tuwo oreratorsy were engasied in
tremnsfTerring  resin from 3 condensste rolishar tank to a8
regeneration tanksy and sroduced & hlack in the trsmsfer line.,

Frobehly as & result of asctiorm to clesr the resin blochkasser
the ®=lant suffersd & total loss of feedwstery which zutomaticsllw
tridgeerod & turbdine trisey (l.e. 2 aswiteh of ™ of the turbime) a3l
04100 and . 37 seconds. ALl emerdency feaduster punes slaviteds 5
they were surrosed to do and this starling wsse noticed bw  the
orerator. The reactor contirnued to orerate at full Fowers and
since the hest was no longer being taken awew ss raridly 3s mormals
the reasctor orerating temsrerature and sressure rose., S0 fary the
resronse to the tramsient was 2s anbticirated.

The subsecuent behavior cosn he seen nwost readily oy
waminahtion of several fidgures and tabhleds. Im Fizure 2 ars the

outEuts of spveral  ebris chert recorders  during the  first 10
mirnutes aftey the bLransient. In figure 3 these and other recordaers
are shown over 3 reriod of 15 hoursy and both figures show times of
crucial events,
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Arrroximately 3] seconds after the accidenty the
electromadgnetically  orerated sressure relief valve (EMOV)Y oreneds

ool 49

i to relieve the sressure. The resclLor
sustem sressure continued to risey until the set roint of 2300 =si
was reached when the rescltor triveed according to design end  the
contrel rods were indecteds storring the nuclear reaction.

We rause and note some reroblems that had develorsed, For
safetur it would have been desirezble (and mossible) to have the
reactor tris in the event of Teedwater interrustion. Were this the
Casey ity manw incidents the relief velve would mol meed te urerste
(althoush in this rarticualar incident it would have).

After the reasctor trirreds reactor sustem temrersture fells
the Fressure fTell as steam was vernted through the relief valve.
The relief valve wes surrosed to close asdgainm as the rressure  fell
to 2100 wsi (13 seconds after the sccident) tbwt it failed to do so.
This failure was urnoticed bw the orerating crewr because falling
temrerature also leads to 3 dror in sressure (slthough a slower
dros) .

The reactor rressure continued to fall armd when it resched
1600 wmqi (aflter 22 wminultes) emergeoncw sumes (hidgh sressure care
indectiorn or HPCIY started to indect more water imto the resctor.
ITf this had been 2llowed to continue the resctor would be
intact-—and srobably orerating——today.

Unfortunstely the orerators were watching another
indicator—-—the rressurizer level., The rressurizer is 3 small tarks
rormslly halfT filled with reactor watersy asnd covered by sressurized
nitrogen das. This =Zas enables the sustem to core with small
volume chandes without lardge pressure charnses., The orerators are
treined not Lo sllow the eressurizer Lo be comrletely filled with
water for this normslls indicestes thet no dzs is rresent. Control
of the reactor is difficult in that case. (This is referred to as
8 *solid® rlarnt.) The rressurizer hedan to indicate a3 high level of
watery because of a combinatlion of release of dgas from it throush

the relief valve and formation of steam voids elsewhere i the
reactor systown. These steasm volds formed becasuse the sressure

became low ernough for the water to boil, The orerstors mistabenlw
thought that +the resctor system hsd too much water and made the
terrible mistake of turning off the emerderncy rumrs which add wsier
to the suystem’y these sumnrs were turrned on and off throushout the
dawy actions which showed a8 comrlete lack of understanding of the
status of Lhe reactor. It arrears that this lack of understarndindg
has been widessreoad throughout the rmuclear industre, Maval re=zctor
orerators also are taught to follow the sressurizer lovel.

At 8 mirmtes into the sccidenty am orerstor moticod that the
steam denerators were dry of water om the secondsry sides slthousgh
the auiliary feedwalter rumes had been seen Lo start. The orerator
found  that these rumers had been isolated from the swstem by closed
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bhloclk valvessys and the orerator orened 1lthese valves, It <=till
arrears Lo be wunclear why these valves were closedy and how lond
thew had been closed, Althoush it was irmitialle thouzht that this
wes a maJor contributor to the accidents it comtributed rothing
directly excert added confusiore. It migsled the orerators into
false acltiorns in the first mirutes of the accident.

The resctor sustem temrerature and sressure arreared to
stabilize Detweernn 4120 AWM., and 59114 AM.3 this is because the
water was boiling and the slesm was goimg out of the relief wvalve.
The reactor sustem was by bhis time roridley filling with stesm and
enrtuying of watery and the circulsting rFuanrs were PFPumring 2
steam/water mixture.

This steam/water mixture was still adeauate to maintain
adequate cooling of the fuel rodsy but the coolant rumers are not

desisgrned to rume stesm and bedgan to be noiswy (cavitatior). The
orerators turmned of f the rumesy one set 3t 95014 a.m. arnd the other
at 9ta41l a.m. exrrecting  that natursl circulstion would occur,

Natural circulastion would indeed have occurred if the reasctor
system had been Tilled with (subcooled) water, But sirfmce it was
filled with & boiling waster/stesm wmivture Lhe decision led to 3
digaster., Th2 water settled to the bottom arnd the steam rose to
the tors maling circulatiorn imrossible. Onlw the bottom 2 feet of
the core was covered with water and Lhe tor rart of the core was
cooled onle be steswm.

Immediztely after the rumrs were turned offsy the thermocourles
measuring temsersture in the coolsnt loors showed thal the core was
uncoveraed but the oreratorse did not intersret them correctla. The
temrerasture of the hot ledg (tor) went off scaler the temrerature
rising to 2 =oint that a2t thsl sressure could only indicste that
the thermocourle wes in sure steamy and the cold leg cooled down
showing that circulation had stor=ed,

The orerators had crested serious eroblemsy although thew
still did rnot krow what the sroblems were or how thew had created
them. For sbout 1 hour--3:40 to 6140 2.m.—-—the tor of the core was
uncovered arnd  undercooled, Subsecusnt detsiled csleoulations show

that the temsarature in the tor of the core rose +to 2000°F. At
this temprersture two rheromena occurreds the steam interscted

chemically wilth the zircomnium fuel rod claddingy midizindg the
clazdding 2nd releasindg hudroger: ‘

Zr + Hap = Zr0 + H&
The fuel rodss bw then brittley crscked oren and relessed the
gaseous  Tission #roducts (xernonr kruetons and  dodine) to the
reactor conlant water whonce some lefl via the relief valve to  the
contairment vessel and some to the outside environment through
lealks in the Frimary coolant sustem. Rising radistion levels were
observed as  early as 9120 a.mer 8 site emersencw declared at 6:35
oMo ard @ odernoral emergency a3t 7124 3.,
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Fortunatelsys at 6118 a.m. an.orerator rnoticed that the tail
fire  ltemrerature on the electromadneticelly orerated relief valve
was 35 F Migher than on the addzcent safelty valvess indicating
steam Tlow. Whe this was nol rmoticed earliery at 2120 8.m.r when
the comeuter srinted out this information on orerator recuests (the
temrerature difference was thern 49 F) is not clear. Howevers the
blocl valve W3s closerd al &118 A.Mer isolating the
electromagnetically orerated relief valve and encding  the
uncontrolled loss of coolanmt. The reasctor bedgsn  to rerressurice
and  corntirved =artisl use of the emerdency water indection swustem
recovered the core by asbhoul 6149 rem,

Attemste soonm after to restasrt the circulstion eFumers  failed
because the sumes were fillad with steams The reactor for the next
11 hours was cooled by the boiling of water to steam which left by
the elecltromesnetically orerated rressure relief valve.

There was still not comrlate understanding of the situstion.
The emersency coolant water was adain turned off at 7:30 AM.. and
the resctor was rartially derressurized twice more in attemsrts  to
get a steble situstiony until at 2128 =.m. the temrerature in the
hot les of coolant loosr A came on scale 3¢dain., The reactor fFrumes
(it wore Firmslle orersted adgeinm 2t 7150 Preme arnd the reactor core
temperature and mressures stebilized., .

The incident was oversy althousgh that was mot clear for many
more dauws.

The Hudrogen Bubble

As the reactor was beind rerressurized shout 5 to &6 F.m. on
Wednesdagy March 28y 1979y it wes mnoticed that a3lthoudgh water was
teing raridly fed into the rescltors the sressure rose onlw  siowly
This wss evidence thet there ws3s 8 dzs bubble inm the rr*c*or
coolant swstem. Moreover the bubble wasn’t stesm or it would have
condensead.,

The cuestions thern aroses
1. UWhere was the bubble?

2. What was the comrosition of the bubhle? Hudrodern (From
zirconium and water reactions)?

3. Or wWas Lthe hudrosen/omxudgen mixture from a
#holtodissociation of walter rresent?
The locastion of the bubble wss euickly determined: it could

orly  he sas trarred in the head ol the resctor vessels where it
could mot ne vented hy remote control.

\ .. o .
Thia comrosition of the hubble was originallw  assumed to  be
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condensible stesmy then hydrodens but on Fridsey mornmings March 29y
Ir. Josesh Hendries Chairmsn of NRCy asked his staff the third
auestion. He ot the ({imcorrect) a2rhswer that it could bhe s
hudrasoen/oxgsdgen mixture. Thiss 1T truey could be alarming because
hudrodern  and oMudgen can be idgmited producing an exsrlosion.  No one
was auite sure whather that would a) destrow a rums or b)) oren  the
reactor coolasnt sustem bourdsaries or evern o) crachk the comtairmert
vessel. It was Teared that 33 or ) could lead--evern at this late
stadge of the sccideant—-——to 3 comslote melidown of Lhe core. Mot
until Sundow aftornoons Aeiril 1 were deTinitive smswers aveilasble,
Eu then it was understood that!

a) The shotodissocizalion of water to hudrodgen and oxuden does
rot take Flace uwunder bthese condilions. Orn the caontraryy they
recombiine to form waler (in ordirnary oreration hydrosen is aadded as
a scavendger for oxgden Lo =revent corrosion), It was not however
ohvious that it is also true when Tission sroduct dgases are in the
waters as thewy were bhg 8 a.m. on Wednesdawy morningy but it
trdﬁvFIPfS that 1t was the case.

b) Subsecuent calculations made for RC sudgsest that an
exelosion would not have broken the coolant sustem bourndarg anuwad.

The question with the irmcorrect zrhswer and the fsilure of
industry  to gel the correct one raridly to the right slacer csused
grezt confusion and even ranic from Friday to Sundawy March 30th to
Arril 1,

The release of the fission rroduct dsses to the esrimary

reactor conlent svstems alcso allowed the release of some fission
rroduct daces to the contsinmment veszel--via the aren reressure
reliet valve. Various small leaks in the riring allowed
radiosctivity relesses to the other buildingsy whence some were
released throudnh a fillter +to a staclk and the stmosshere, sihort

lived radiozctive isctores had mostly decasved before releases ar
before =z3ssing  over sosulatiorn centers, The domimart radicactive
elemant relessed was wenon 133 with & hslf life of 5.27 daws which
emits @ betas ray wilh maximum srerdse of 0.35 mevs avorase 0.17 mevy
and a8 dgammny raz of €0 kilovolt ermerds in the csse of almost everw
disintedgration, This is nmot & verw high enerse comerared with some
other radicsctive decsus. Most of this xenon was releassed withir
the Ffirst Tew davssy before much had 0=cauod, Xenomn is & noble dgas

which for 211 sracticzsl eurroses 1is chemicalle imert. The
radiztiorn from the wenom 133 is easily zhasorbed, This isotore was
the domirnznt comtribuotor to the radiastion hazard. Most of tLhe

radiozctive  dodine  either rlated oubt on metsl surfaces or wes
trareed in Tillers., In 2811 it was estimated that of 2,000,000
curies  of  redicective  ifodime (I 131 i bthe main building and
40000 curies i the swuweiliasre budilding onles 1% curies  were
relessed  to  the environmernts but that 10.000,000 curies of noble
dasy mostlye wernom 133y were released in Lhe reriod March 28-Asril
20y 1979y 2/73 of it in Lthe first 36 hours,
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The Tollowing agencies coorercsted in radiosctive monitorime!

The IPerartment of Healtlthy Education snd UWelfare (Center for
Nicease Conltrol and the Food snd Drug ddministrstion) ’ .

The Derartment of Energw (Brookhavern Nationasl Leborastory)
The Envirénmantal Frotection Asency

The Metrosroliten Edison Comranyg

The Slate of Fenmnsalvania (Buresu of Envirommentzl Heslth)

Their preliminsry findings are given in a sreliminary rerorts

(with authors from severasl of lthese aderncies who arrear to be in

agreement)y and 3 finz2l rerort is in ereraration.

-The rreliminary rerort states thst rno ore rerson inm the
general rsublic received s dose (exrosure) of more thanr 100
millirems, If the dose is added ur over 311 rersorns within 2 S0
mile radiusy the rFreliminary rerorlt showed 3n intedgrated dose of
3500 +1500 mam 2 rems., Later correction is made for the facts
that:

i. Xenon 133 is a3 favorasble isotore and that ressronse of
reorle to wermon 133 1is less than thermoluminescent
dosimeters susdest

2. Feorle were shielded by clothes snd buildinds
3. Manw reorle moved zwau

This brought down the estimate of total rorulstion dose to zhout
2000 marmrems or less,

The significance of these doses cam he seen by COmMFETILSOM.
Eighty millirems is an sveradge vearle bachsround radistion doses
sea level, fisauming a8  srorortionsl relation betweern dose sl
resronse snd hesed  on observations 3000 man rems leads Lo one
cerncer according to the BEIR (I) rerort.

Accordinglyy the Three Mile Island sccident will add less than
172 1lo the exrected rumber of carncers amond the rorualation within
50 miles of the cite of the sower slant. This is am increase  from
the rnormal mumber of csmcers exrechted in the area of arrroximnstelw
WS==From 350:000,0 Lo 2I50,000.5, The mesning of the Traction 0.5
is statislticals it is clear that it it will never he roscible to
determine whether the accident at Three Mile Islamd sFroduced  an
agadditions2l concer,

It is virtuslluy certain that Lhe Three Mile Island accident
dicd rnot and will mot cause mang cancer casess althoush we believe
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it is irrelevant to this ronel’s worlks

whether the Commonwealth is erersred
with nore serious resualis.
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simce  the msin issue is
ire the event of an accident
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How Cleose Was the Three Mile Island Accident to 2 Disaster or
Serious Accident?

The concern over Three Mile Island is for us rol the asccoident
teself but the rerserective on asccidentls that it rrovides. lows it
mear that serious asecidenlts are more rwmraobsble then ereviously

SUFPFQOLEAT

N class IX accident is defirned in the Federal Redgister (10 CFR
100  &s omm  in whieoh the radiztion exceeds 100 mr/hr a8t the site
toundory which dose was nolt achieved at Three Mile lsland, However
the Nuclear Regwulatorwy Commicsion has stated that as far as core
demase 1s concermedy the accidenlt was larde enough to be considered
3 class IX esucident.

The "waiver of deferses” claucse in the rFrovisions of the
Frice-Arnderson dcl takes effect st shout this level,

Im answering the euestions are serious zctions more rerobhabley
we will Ffirst discuss intermediate cuestions. How close dia the
reactor come to & melidown of the Tuel? How close did the reactor

come to =2 breach of the contaimment vessel and)liberation of

radioactivitu?

The answers Lo these auestions will be discusssed in
voluminous rerorts  angd hotly densted over the mexl seversl wears.

However some fealures seem defimite,

i The reaﬁtnh came closer to 3 meltdowrn than amy  Frevious

commercial reacltor acoident 1in 8 light water reactor,

2. It is ot easy 1o savw how closes Tor two rezsons. O the

omne  hand humasn Fallure izs rresent in 3 waw thet hsad not

beern rreviouslu shern  into  sccount-—-the orerstorss by
reasoning dncorrvectlus intensificed the ascocoident by &
series of incorrect actions, The stetisticsl auestion
becomes 1 Wwe  imadgine 1000  indesendent  accidents

Frrocesding as b bwomod st Thnree Mile Talandd wur to &810
Bl i tow many of bhow would the orerators bheve robiced
the leaking relief valv a——zrid 1T thes hady  would thew
therefore taken correct acltion? These euestions are hard
to asnswer. Secondluy there is disagreement over what
would have harrened to the reaclor core if thew had mot

acted correctly. IL seems that the cooling of the tor of
the reactor from G130 Bemme——when it Tirst hbecame

urncovered-—to 7200 s.m. whern it wass  covered adaings Wae
grezster  than had neern Feared. This hize led some to olasim
thet 8 esmsll loss of coolant accident conld mever lead Lo
g melltdown since convacltive steam cooling msy be adeauate.

2. The rrobahility of violating cont2inment mavy still he
small sfter 3 pneltdown ocours, In reactor safety studies



~

4.,

FAGE 45

a8 srobshility of 1710 has been estimasted.

ALl the radiosctivite will not he relessed even 1if  the

containmernt 1s violasted. Farticularly critical are the
chemicel elements 1odimey telluriwn and cesiumy if

releaserd thew intersclt chemically in the bode wheress
Henan does not. Filters and rlate out mechsmisms kert the
iodine relesse low &t Three Mile Islendy bult inm 8 serious
accident these Tilters misght be overloasdedy they were in
fact not as effective as thew should have been a2t Thrae
Mile Island becswuse thew hed become saturated in srevious
HEE ., :
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Accertability of Accidents and Their Ceonsecuences

The ranel made no attemst to decide whether one rarticular
accident is  subliclw eaccestshle or unaccertasble. The RKemeny
Commission made & roint thst the eresent level of safelu--which
includes the aceident st Three Mile Islandy must be imerroverd,

"To rrevent mucleasr sccidents 8s serious as Three Mile

Island fundamental chansges will be necessarw In the
organizalticony rrocodures and rracticos-—and ahove 211 i the

attitudes of the Nucleasr Redulstorwy Commission srndy o the
externt that the institutions &are turicsl of the nuclesr
irnchustru.s :

It also nmote (F. 32 raradgrerh 186) Lhat imrlicit asmong the
caloculations in the Rasmussen Rerort is am estimate of frecuerce of
accidents similar i size to Three Mile Iclamd. This Trecuency is
one -in  several hondred rescltor oreratinsg wesrs. We have now had
nearly 300 reactor orersting wears ann one  accident of  this
masnituce., Although  the zccident at Three Mile Island was not
rredicted bw Rssmussen 1t wss not in itself corntrarg 1o the
frobability estimates therein. Simce Rasmussen snd collessussy and
manw of those who have read and understood the rerorts beliesve the
resultsy if correcty were accoertshles it seems to us thet this
sssunrtion of the Kemernwy rerort rerresernts 3 significant derarture
fraom those rasl beliefs arnd needs examinalion. This 1is
particularly true when we realize that the maein sublic criticisms
of nuclear reactor safetw and Rasmussen’s rerort in rarticulsrs
have been based on & dishelief in the nrumbers--riot declared
statemenrts that evenn iT the low accident sreobabilite sstimzstes are
corrects reactors are still uneccertzble. Discussion bw individusl
critics and the rublic seem rmolt Lo have considered sdecusctely
whether the results in Raspussen’s rerort would be sccertable i1if
true, However the rmuclear indugsiry end the Nuclesr Regulstory
Commission rroceeded as if it wWwere.

Kemeny doesn’t addrecss this discrerancy,
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firrendi I1. Review of Avaeilable Rerorts

Members of the ranel reviewed 3 number of rerorts. The most
relevant are discussed below,

a) The adverse effects of exrosure to low levels of radistion
and to levels of radistion likely as the result of an accidernt.

There have beern many rerorts om this toric. OF thesey we note
in rarticulzsr the rerorts of the Committes om Biolodgical Effechts of
Iormizimnsg Redistiom of the MNationsl Acadomy of Sciencens

rarticulsrly  the first of these - in 1972 (BEIR I) and the most

recent (1979) of which only 2 draft is avasilashle (REIR III).

We note that the members of the BREIR III committee are
rrosently  disszsreeing on whether the idincidence of cancer in a3
rorulation is srorortional to exrosurer or whether this is  an
overestimate of the number at low doses and  therefore an
overestimate of the risk. However we slso riote that. there zre &
few scientists (2.4, Karl Morgsen of 0zl Riddge National Laboratorw)
who believe the lirmear huyrothesis understates the risk by 3  factor
of ashout 9, ’

Until this is settled we believe 1t is reasonsbhle to sssuma
that radiation exrOsSuUTe Ccaguses cencers in a roruglation in
rrosortion te the exrocure.

v

Accerting this end the estimatles given in the BEIR I rerorts
the exrected number of cencers exrected in the evenl of an accident

is N .
, & 7o
é‘ﬂ < i/w .
it -
where the summation is over the whole rorulastion osed (N reorle)

and I is the exrosure of the individuzl in rems,
b) The Rasmussen Rerort haed flawsy some of which we listi
i, It is mot very readsble

2, The executive summary does rmot summarize the rerort

3. The discussion of common mode failures where several
safety cuslens fail simultsmeouclw from the same cause is
not . 2lwsvs correcth. The hest krnown awamele is the
incorrect calcoulzstion of  the sronskilily of core selt
arising from an anticirated transient without scram (ATWS)
for a hoiling water reactor.

4, The uncertainties i the numbhers sre larser than Rasmussen
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shales.

Thie studw was overly sraicsed by NRC znd industres and  overlw
dammed by critics. Subseauentles the NRC eurressed reservations
about ite It wes misuseds dAncluding in Congressionzl testimonw by

.~
L
ite  suthorsy but insofar a2 we know meither it rmor the methodalosy
@ in it has been used to imrrove safTetlu. :

o
i
o8

We asree for the most sart with 1he CDHF1UG1DHS (winich include
zgmne of  Lhe sbove) of & committees et ur by NRD a2t the recuect of
Resresentative Udzall and chaired e Ire He Lewis. We ssiree  theat
the bhasic wmethodolodgy of evert Lree aneslwsis is useful. We gdree
with Irs " Lewis 2lso in his testimornw  csubseguent to Three HMile
Isliand +that this wmethodolody can and should be used im licensing
reactorsy and Lraining and licensinmg of orerstors.

Im Pcrtlcul ar the Lewis review rerort sazidi

1, The DLRasmussern rarortl was an essential ster Devonad
earlier attemsts to estimste the risks of nuclear rower.

2. The rewrort attsined a far resching obJectivecation of
safetw assessmenly introduced a workeble acciodent
clascificationy and eresented & methodology for the
guantitative determination of risks.

3. The event tree/failure tree wrocedurer togetther with an
adecuate data base has rroved to be the hezt available
tool for the Guantnfanu o of the occurrence of low
Frobebility sccidemts.

4, The imsrortance of late fatalities and srorerty damade wWas
recognized besides that of earlwe fatslities although this
is not errarent from the summzare rerort asnd was not
reflected in many of the statements rurrorting to have
been based on the rerorts including those by the authorss
abhout the risks of rmuclear rower.

The occurrence of an accident at Three Mile JIslarmd does rniot
invalidsate®™ the dgernerzl conclusions of the Resmussen rerort or ang
off these rerorts. Rasmussen’s demeral roint thst an accocident
felling Jdust short of 8 meltdowr 1s likelw ornce everw fTew hurdred
reactor weasrsy but that other defernses will in the vast madority of
cases rerevent znwthind more seriouss s not “1? i @l thousEh not
necee=arily correct. ITndessd  the  accoiddsnd % the
deci rabilitw of using the methodolozsw Tor » 1 OGN Lr“lnlnd
FUTFOSes, The seecific conclusions of this rnrort arrlied ol Lo
two erecific reacltors—-—the Surry rlent in Ulrd]ﬂlw (for which
Westindghouse Electric Core. srovided the nuco
swatom) zned Feach Bottor in Fernmswlvarnia

r(qulL.g
Llectric
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lant). Resmussen did not analuze a Baboock and Wilcox reasctors
arvd  if he had one sor it is rossible Lthat he would have realized
thaet the aecident seauence thal took rlace 2t Three Mile Island waes
more srobsble than sccerlable.

A more recent reactor safelw studye in Germanyr chaired bz Ir,
Bivkhofer of Munich is now dellelE and the sanel had a8 cory of
Lhe summnaryd. While overcoming some of the defects inm  rresentation

of the Resmussen rerorty it comes to similar conclusions.

) The rerorts of NRC on the details of  Three Mile Island
secident  and the radistion megsurements thereat are thoroughr seem
very fxetual and show ne bias that we could discern.

d) The best known seneral rerorts on comearative risks of
niclear osnd other rower sources include the Ford-Miltre stucdws =
rerart of & subcommittee onm CONAES (Committee o Nuclezsr and
Alternative Enerdwy Sources of the Natiornal Academw of Sciences)y
the risks associated with ruclear sowerd and 3 rerort from Canads
by Inhaber. The last of theser by Inhabery is so Tull of errors
that it is useless for rolicy rurroses.

These rerorts eut 2 large uncertaintey o the comsarison  of
ruclear  sower Wwilth the most abviouszlw camrarable alternative-—cnal
(cozl hecause ibLs rrice is comrparabhlers it is bhest burnt in large
sower wlantsy and there is mlentwe of it). Bult they 21l adree Lhat
unless the uncertointies 3ll comsrire to Tavor coalys snd g0 sgainst

rnuclears rnlear gower is erobably safer. It is imrorteamt to riote
that this arsument dzeends urorn s belief that the euestiorn of
disrosal of nuclear wastes coan bhe safely deslt withe The

resronsibilitys for the resolution of this cuestion lies with the
federal goverrment rather then sm o individusl state.

Staff Rerort on the Generic Assessment of Feedwater Transients in
BWR’s snd PHR'Sy NUFFG 0540y May 1979,

Investidation into the Mareh 28y 1979y Three Mile Islasnd Accidrets
Office of Insrection 2rid Enforcementy Nuclesr Redgulzbtorw
Commicsiony NUREG-0400» August 1979,

TMI-2 Lessons Learned Task Forces Status FRereort and Short Term
Recommendstionsy NUREG-0578y Jule 1979,

Aralusis of Three Mile Island Unit 2 Accidents Nuclear

Safety
Arnaslusis Cerntery MNMEAC-1sy  Julw 1979y F.0O, Eox 10414y Falo Altos

Ca]. j Tornis 94-.10\3 ’
Indeyxed Ribhliogrerhs of TMI-2y NSAC Tibr Ausust 1979,

Forulation Dose and Health Imsact of the Accident at Three Mile
Island Nuclear Stations NUREG-0558y Maw 1979,
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The Effect On Porulations of Exrosure to Low Levels of Tonizing
Radistions Rerort of +the Advisory Committee on the Biological
Effects of Jonizing Radiation (BEIR I)s NAS/NRCy MNov.e 1972,

fhe Fffects on Forulastions of Emwbsura to Low Levels of Ionizing
Radiation (BEIR III) Iraft Rerorty NREC/NAS Maw 1979.

Eeds Sternglasss——extensive list of referernces in BEIR rerort.

Mancusay Kihezle arnd Stewsrty Radiation Exverozures of Hanford Workars
Mwima Fron Cancer arci Other Cowusesy Heslth FPhesicsy 3310 5w 36
(1977),

Mortaslitw Frowm Leukemia amd Carncer in Shiswvard Nuclear Workeersy T,
Nadariaen and T. Coltony Lamcet 118072y 1018 (1978).

teactor Safety Studwy An Assessment of Accidernt Risks in U.S.
Commercial Nuclear Fower Flantsy "The Rasmnussern Resort®y WASH 1400,
NUREG 75/014s Qotober 1973, ] .

Rislk fAssessment Review Grous Rerort to the U.S. Nuclear Redgulastory
Commissions H.W. Lewisy et 3l.y NUREG/CR-0400.

Populaﬁion Dose and Hea2lth Imesclt of the Accident - at  Three HMile
Islandg Nuclear Stationsy NUREG 0358y Maw 1979, :

The Germasn Rishk Studu--Summarwy Geeellschaft fur Reazaktosicherheit
(GRS mbHy Gloclkendasse 2y 5000 Kolm 1y Germanys Ausust 15y 19792,

Jan Beweas Some Lomg Term Cornzecuernces of Hurotheticsl Mador
Relesedez of Radioescltivite to the Atmosrhere from Three Mile Islandy
Frincetons N.Jey DIrafty Sert. 7y 1979,

n.c. Aldrichs P, McGrathy N.C, Rasmussenr Examination of Off«ite
Radiolodgical Emerdgerice Frotective Measures for Nuclear Reactor

Accidents for Ruestionins Core Meltsd NUREGS /CR-1131 or SAND
78-0454 :

JeGo Reamerwy B, Babhitty FHll. Hasdertgy C. Lewissy Fothe Marks
cC. Marrets [ MeBrides HeC» MocFhersoany RaWe Fetersomny T.H.
Fisfords T.BHs Tauwlors a0, Trunle s Rerort of the Presidents

Commission of the Accident a3t Three Mile Island. November 1979

Demodrarhic Statistics rerteining to Nuclear Fower Reactor Sitess
NUREG 0343 Qctobher 1979,

Messzchusetts Commission orn Nuclear Safolbu (Foattdans rernrt)
Degsvtment af Fulic Heaslthy Commonwealoh of tossachusatts

Serlenhar 1975

Title listy Fubhlicly availzable documents Three Mile Island Unit 2
lockeltl S0~320 Cumulative to Maw 21 19792 NUIREG 05489
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NIAT (Nuclear Tncident Advisorws Team) Hendbook (draft) Derartment
of FPublic Healthy Commonweslth of Msssaschusetts Jdune 1779

New England Interstate Radiation Flans New Endlsand Radiolosical
Health Committeny March 1979 :

Commornwealth of Massachusetts Comrrehensive Energerncs Flanmy LCivil
IeTense Adency and Office of Emerdgency Freparedmess Jarnuary 1979

Aress around ruclear facilities should b bhetter sresared for
Radiolazsical Dmerserncies. Resort to Lhe Comstroller Gernerel of Lhe
United States Congress, EMIO -78-110 March 30,1979

Flenning hasis for the Ievelorment of State and Local Government
Radiologicsl Emergency Resreonse Flans  in Susrort of Light Water
Nuclear Fower Flanlts NRCy EFA NUREG ~03%26 (EFA S20/1-78-016)

Frotection of the Thugroid Gland in the Event of Releases of
Radioiodines? National Council orn Radiation FProtection and
Measurements NCRP rerort 55

Regulaztory guide 1.111 Methods for Estimating atmosrheric trarnsrort
and disrersion of daseous effluents in routine relesses from lisht

water cooled reactors NRC Rev 1 Julw 51977

Risks of Enerstwy Froductions H., Irhabersy AECE 1112/Rev 2 Nov 1978



FAGE 52

Arrendiy III, Meelindgs

The following rersons were rresent st meetings of  the sanels
the meetinds of QOctober 12y Mtovember 19 z2nd lecember 14 were OFel.
Formsl sresentztlions were made by Mr. Luddon of Boston Edicon  and
Feul Cahill of the Civil Uefense Afency on June 253, Informal
discussions and ressornzse to the cuestions of the rermel were the
format of the last 3 meetings. Any rerson eresent was abvle to
erecsent his views and on December 14 2 written submission from the
South Shore Chawnber of Commerce was nade.

Mamw written and oral resronses to our cquestions were surrlied
by the wutility comranies and state adencies,

We are dgrateful to all of these rarticrants Tor sharing wilh
s their views angd therebwy helsing us to form our recommendations.

-The list of atltendees al the wmeetindgs follows.

June 25y 1979y Civil Deferse Facilitws Framinsham
Richard Wilsony Harvard University
Susan Wiltshire
c.n.¥. Thorrntony Executive O0ffice of Environmental AfTairs
Al Comrronis Mescschusetts Derartment of Fublic Health
John 5* Olsenv‘ﬁept. of Fuhlic Scfety
Geordge Surtelis Massachusetts lerartment of Fublic Health
Edward Howardy Eostonm Edison Comrany
James ludory Eoston Edisbn Companu

Willizam Je. Bell, Mass. Tlest . af FPublic Heslth (Rsdistion Comtrol
Frodgram) . :

Johrn Clements Mass. lert. of Fublic Health (Div. of Hazaridous
Materials)

Bermard Holarns, Masse. Civil Defernse Adency
Geordge M. Tullwy Asst, Sec.y Executive OTfice of Fublic SafTety
Lilli&n Morgensterns Mases., QOffice fTor Eﬁerﬂs Resourses
Faul Cahilly Mass., Civil Defense Adency
October 12y 19279y Saltomnstsll]l RBuildindy Boston

Fraomb, Congels Huclear Roshulatory Commission
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Ed Wodnmzs: Mass., Civil Jlefernse Agency
Fernard V. Holans Mass. ‘Civil IefTernse AzZencw
Rohert H., Cunoinghasmy Bireétory Massg Civil Defenée ﬂgthu ‘
Robert Foulaws Mass. Civil Iefense Adency
Johr Louerinsy Mass. Civil Defense ﬁﬁencuv
Gerald Howesy Flumouth Civil lefense
Tom Souwdony Bostomn Edison Comrany )
Harrison Balfoury Eoston Edison Comrany
Fred J. Modoleskos Boston Edison Comrznyg
Chriétine E. Rowmszny Bostom Edisorn Comranw
Robim R+ Shults Boston'Edison Comrany
Edward KRarasiarns Mass. Institute of Techrnolosy
James F. Wrighty Dest. of_Public Safetgy Div. of Inssection
Joel Erowrs Consultant to Boston Edison Cémpans
R Merlimoy Consultsnt to Roston Edizon ComFans_
Franl ﬁrchibaldy Masse Terl, of Labor and Industries
Lewis lraffers Dlert. of Environmental Quslity Endineering
Al Com?roni: Masse. Tert., of Fublic Health
William J. Eells Maés. Lertsy of Fublic Heelth
Fatrick Codgios Mass, Institute of Technolosy
James A. Maclonsldsy Yankee Atomic
Lavid E. McCurdwes Yarkee Atomic
Thomas  C. Elsassery State Lisison Officersy U.s. Nuclear

Redgulatory Commission

Ronmie Lirstiutze Union of Concerned Scientists

1

A
m
<
£l

V, Carlisle Smithy lert. of Fubhlic Safetgs
Council orn Radiological Frotection

orn Governor’s



Johmo H. Clementy Mass. Ilest. of Ernvironmental
Enginesring

Geordge Swibles Mass. Dert, of Fublic Heaslth

C.de Maletshossy Advisory Council on Radiatiorn FProtection

Le Morgenstermns Mass,. Office of Erersge Resources
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Quazlity

JeGy Fitzratricks lirectorr Mass. Office of Enerdy Resources

.Judw Ghorey Masgs, Lesdgue of Women Voters
Marw.Gorhamv Senator Sharon Follard

Andrew C. Kaedaks Yenkee Atomic

Efford H, Fiercey Rowe Civil DIlefense Dert,
Jbsewh Mowes Monroes MA 01350

Richard Wilson, Harvard Umiversity

Suzan Wiltshire

Georde Rathdensy Mass. Institute of Techrolody

November 19y 1979y McCormeck Office Buildinstes Roston

Lillian HMordgensterny Msss., O0ffice of Enersgy Resources
Johr Olserns Dest, of Fublic SaTelw
Georse Swinler Mess. Dert. of Fublic Heslth

C.ds Maletshkoss Advisorwy Council orn Radiation Frotection

J.8e Fitzratvricks: Directorr Mass. Office of Emersy Fesources

6. Farkers Liest. of Fublic Health

FeS.Ws Wrights Attormew Gerneral’s Office
Several resresentatives from Boston Edison
Several rerresentatives from Yarnkee Atomic
Heler Woodmany State House MNews Service

Geordge Rathdensy Mass, Institute of Techroloswy

Busan Wiltshire



Richard Wilsars Harvard University.
slus many obthers.
Decembor 14, 195?7 State Housey Foston
Gerald Farkers Mass, Dert. of Fublic Health
Ciede Maletskosy Advisory Council on Radistion Frotection
Georse Suwiblesr Maco. Dest, of Fublic Heslth
Bob Curnminghany Civil Defense
Jerry Ackermany Borton Globe
Andrew C. Kadsks Yinrkee Atomic

Lincdln Clarly Jrey Mass, Imstitute of Techrnoloss (Reector
Laboratory)

Edmund C.  Tarnuzoory Yinkee Atomic

lLarrw Carrmanes Mass.,  (Office of Energys Resources

Frank Archibalds Tort, of Labor and Industries

Helen Woodmans Staﬁv House MNews Service

James W, Gosnelly baston Edison

WeRe CBriffirny HMM Nucocistess Consultant to Boston Edison
James F, Urisghty hnrt, of Fublic Safetyu

William H. Dormers Jr.y Dert. of Fublic Safety

Johm Ke  Olseny Tovl,  of Public Safety

Harrison R. Balfoure Boston Edison Co.

Johrn Murrhsy EBoston Pdisorn Co.

Fat Granshans 36 Croddon Rdes Hinghams MA

Jog Augenstern—-Stocrts 883 HNantasket Ave.y Hulle Mé

Joe EBzerleiny New 1nlaond Council

Elizasbaeth Murrawy IMicutive OFfice of Transeortation Comstruction

Lillian Mordgensterns Moss, OFffice of Enersw Resourcss

w2



-

Richard Wilsaors
Susarn Wiltshire

Georde Rathdeoss

Harvard University.

Masa. Institute of Technolodwy

POGE

96
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Arrendix IV.e Glossary of Terms

Auxilizry ouildins,. A structure housing s variety of ecuirment aird
larde Ltanks nrnecessary for the oreration of the rezctor. These
inelude make-ur rumrsy the mske—ur and waste gas decay  tanksy  anid
the reactor coolant holoa-ur tanks.

Rabcocl.. and Wilcox (EBW). The comranyg thot designed and suserlied
the TMI-2 reactor and nuclesr steam surrly syustem.

Tacksrourd radgiation. Radiation arising Trom  natural radioactive
materials slwsws Fresent 1o the envirornmenty including solar and
cosmic rarialtion and radiocactive elements in the urrer  atmosrheres
the dgroundy building materisles and the human bodu.

Beta earticles. High-enerdy electronss a form of iomizing
radiation thalt normzallyw is stosrred by the skiny or 3 very thin
sheet of metal. '

Roston Edison Comrarnyg. A local watility resronsible for  the
orerstion of Pildrim and other raclear rower reszctors in the New
Erndlandg region.

Carsium or Ceosium. A chemical element produoced in Tission. Cesium
of isoltare 137 hass a half life of 10 swezrs and has s damma of 600
khev,

Chainrn resction. A self-sustaining rescltiony . occurs in rnuclear
fission when the numbar of neulroms released ecuals or exeeeds the
number of nevtrons absorbed =lus the nedtrons which escare from the
reactor. ‘

Cladding, Im & ruclear resctory the metzal shell of the fuel rod inm
which uranium oxide rellets are stacked,

Collective dose, Tha sum of the imdividusl dones rece

memher of 2 certain Srous or =orulstion. It is

multirlging the sveradge dose rer rerson by the numher :
within & <eeecific dengrashic ar2a, Conseruentlyr the co]loctlv

dose is exrressed in ferson-rems. For exameley a8 thousarnd s2orle
each exroced to orne rem would have a collective dose of 1,000
FErSOn-Tems,

Condensate booster sunes. Three rumrs located betweer; the
condensate rolisher and the main feesdwaler sumes.

Condensate rolisher, A device that removes dissolved mirnerzls from
thé water of bLthe Teedwalter sustem.

-Condensate sumes, Three rumers in the feedwater swstem  thet  sune

water from the condensers to the condencsate rolishers,
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Condensers. Ievices that cool stesm to water after the steam has
racaed through the turbine.

Contairnmant building., The structure howusing the nuclear reactors;
intended Lo contain radiosctive solidss dasesy and wsete 27 that might
be relessed from the reactor vessel in 2n accident.

Cortrol rod. A rod corntsining materizl thsat absorbs neutronss
used to control or halt riuclesr fission in a8 reactor.

Core, The cenbtral sart of a8 nucleasr resctor that contains the fuel
and rFroduces the hest.

Critical. Term uwsed to describe a8 nruclear . reactor that is
sustaining a2 chsin reaclion.

Curie. A unit of the intemnsite of ra dlon"tlvltu in 3 material, A
curie is ecual to 37 hillion disintesrations each second.

llecaw hest. Hest rroduced by the decaw of radioactive rearticless
irn & nuclear reactor this heatr resulting from materials left from
the fission srocessy must he ramoved afler reactor shutdown to
rrevent the core from overhesltling. Sege radioacltive decaw.

Emerdency core cooling swstem (ECCS). A backusr sustem desidgned +to
suyrly cooling water Lo the reactor core in 3 loss-of-coolant
accident. ' -

Emergence feedwater sumes., Bezclkur rumers  intended to SUrFlY
feedwater fto the siteam generators should the feedwster sustem fail

to surrly water., Also oslled auniliare fTeedwster sumres.

Feedwater rumers. Two larde runers carable of surrly TMI-27s two

stesm generglors with ur to 1%3,300 gallomg of water 3 minute.
Feedwster sustem. Nateo suurrly to the stesm dernerators in &
rressurized  water reactor that is converted to steam to drive

turbiness #art of the secondars loor

Fission, The selitting arart of 8 heavy stomic muclusy into two or
more Farts when a8 neygtron sirikes the mucleus. The srlitting
releases a lardge amount of enerdgy,

Fission sroducts, Redicective nuclei arnd elements fTormed by the
fission of heavy elemenls.

Fuel damasdge. The fsilurs of fuel rods  and  ths  releoasse of  the
radioactive fission sroduects brasped insicde them, Fual damage can
ocoeur withouwt & melting of the resctor’/s urandicm,

Fuel melt, The melting of some of the wuranium oxide fuel inside a
reaclor,
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Fuel rod. A tube comtaimning fuel for e nuclesar resctor.

Gammz Tess. High~ererdy electromatic radiations a fTorm of
ionizing  radiationy of higher enerdz than ¢-ravss that rpenetrstes
very dees into bode tissues.

Gernoral omersancy., Ileclared by the utility whern an incident at &
rvclesr rower elant roses g rotentislle serious threst of radistion
releases thalt could sffect the sHermeral sublic,

Gereral FPublic Utilities Corrorabtion (GFUY. A outility holdins
COMP AT rarent corroration of the three comramies that own THMI.

Genetic defects. Healtn defects imherited be a3 child from . the
mother arnd/ov Tather. '

Half-1life., The time recuired for ha3lf of &8 diven radioactive
subsltarnce to decsy.

Health rhusics. The eractice of srotecting humsns and  their
environment Trom the rossible hazards of radistion.

Higin »ressure indeclion (HFIY., A sume sustems casable of rumsing
ur to abhoult 1,000 Zallors 3 minute into Lhe rescteor coolant sustems
rart of the emerdency core cocling sustem.

Todine-131,., A radiosctive form of iodines with & hzlf-life of 8.1
devsg that cam be absorbed by the humarm thyroid if inhaled or
ingested and czuse NOoOM—CanCerous or cancerous gSrowkhs.

lonizing radiation. Radiation casahle of dissrlscing electrons from
atomss the rrocess seroduces electricalle chardged atoms or ions.
Faorms include gamme rausy x-rawss and belte rarticles.,

Isolation, Condition internded to contain radiczctive materials
relezsad in & nuclear sceident inside the cormtainment buildinsg.

Tsotore,s  Two nuclei of the szme chemical element hut Qdifferent
MmerS e

Kruelton-85. A radiosctive rnoble d3sy with 38 half-life of 10.7
gearsys  that is not sbsorbed by body tissues and is soon elimimsted
by the body 1T ichaled or ingested,

Let-rdowrn sustem. A mesns of removing water from the reaz2ctor
coolarml syslem.

Loss of coolasnt sceident LOCA)Y. A aecident involvimg . 3 broken
irey stuck-gren valver or other lesk in the reactor coclant sustem

that recults in 3 loss of the water cooling the resctor core.

Mela-ur sygstem. A storade tanl inm  the 20¢ilizry building  which



FOGE &0

erovides water for the male-us =ume.

Meoltdown, The melting of fusl in 2 nuclesr reacltor after the loss

of conlant water. It & significent rortion of Lthe fuel should
melts the molten Tusl could mealt throuzgh the reazctor vessel ard
releasze larde euantities of radicactive wmaterials  into  the

contaimment bHolilding,

Metra=olitsn Edison Comsanw (Met Ed)., Owrerator and rart owner of
the Three Mile Island muclesr rower slanb.

Millirem. 1 one—-thousandltn of 5 rems see rem.

Naturel cooling. The circulation of water without rumeing by

Thesting water in the core aend cooling it inm the steam dernerator.

Neulrorns. An uncharged sarticle fourd in the nucleus of every atom
heavier Lhan ordinary hagrogsens redtromns sustsin the fissiorn chsir
reaction in nuclear reaclors.

Nohle dgsses, Irert dgasses thet do rnot resct chemically arnd are not

“ahsorbed by body liscsues» althoush  thew may enter the biood 1if

inhaled into the lunsts. These dgases imclude heliume neons krustons
HEnOMy S0 raaort.

Nuclesr Redulstory Commissiorn (NRC)Y., u.s. adency resronsihle for
the licensing snd  redgulstion of commericals testy srnd research
miclear reactors.,

Nucleus, The central core of ann aton,

Ferson—-rems. See collective dose.

"Foisons®. Materizls Lhat Strnng zhsorh neutronss ucsed to
contrul or stor the fission reaclior in 3 nuclear resctor,

Filaol-orerated relief valve (FORV), A wvalve on the

TMI-2
FIrREcsUrLIery desigrned to oren when shbeam eressure reaches 29255

rounds ser sauare inche.

Fotassium iodide, A chemical thst resdily enters the thyroid gland
whert ingested. IT takern in 3 sufficient cuantity srior 1o exrosure
to redioscltive iodimey it can srevent the thyroid from asbsorbing
arie of the rotentiazlly harmful radioscltive iodine—-131.

Fressure vessel, See reacltor vessal,

Froseuriser, A tank that msintains the srorer reactor coolant
Freasure in @ Fressurized waler reasctor.

Fressurizerd water rescltor. A nuclear reactor system 1in wWhich
reactor coolant water is kert under high sressure to leer it from
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hoiling into steam.
Frimary sustem, See reactor coolant sustem.

fradiozctive decsy, The srontasrneous rrocess bivw  which an unstable
radioasctive nucleus releases enersy or rarticles Lo become stanle.

Radiczctivitw. The srornlaneous decaw of an unstable atom. During
the decaw processy iomizing radistion is wsusllye given off.

Radiolussic. The brezling arart of 2 mole=cule by radistion: such as

the srlitting of waster into hudredgen and orxugen.

Reactor (rnuclear). A device im which & fission chain reaction can
he initieteds masintaineds and controlled,. '

Resctor coolant rumr. Ore of four larde rumes wused to circulste
the water cooling the core of the TMI-2 reactlor.

Reactor coalant sustem, Water that cools the reactor core and
carries cway heat. Al»o called the Frimary loos.

Resctor vessel. The steel tanl contziming the reactor cores also .
called Lhe pressure vescal,.

Refi. (Roenmltdsen eauivalent man) A starndserd unit of radistion dose.
Freauently r:ojmtion rnose is measured im millirems for low-—-level
radiatinny 15000 millirems equal OFRE rem.

Resrirator. @A breathing mask that filters the air to rrotect
agzinzst the irmnhslation of radiocaclive materisls,

Safetu-related, The NRC emslows several broasd defimitiorns faor this
concet By omery safetw-related items sre "structurese swstems and
omronants thst srevent or mitidale the conseguences of rostulasted
accidents thet cowuld cause undue risk to the health and safets of

the esublic.® Howevery Lthe NRC has no srecific list of
safetue-related itoms The licernses dosisnates whet in its elant is
conzideraerd €3ro'n-r\11t@da If ths MNRC diszagreess Lhe auestion is
nesolizted, Sefetu-related items receive closer guality control

and assurancey maintenasncery and NRC inswrection.

Saturatiorn temrerature, The temrerature at which water 3t 2 dgiven
rrecsure will boils the saturation =oint of water a3t sea-level is
212 F.

Scorani. The rapird  shutdown of &8 rnucleozr rosctors by drospsing
control rods inlto the core to hslt fissiorn

Secoindary sustemns, See Teodwater swustaem.,

Site epmerserncid, Ueclared by the utilite when an incident st 3
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acleasr FoWen Flant thresterns the uncontrolled release of
racioachivity into the immediate zsrea of the #lamt,

Solid swustem. A condition in  which Lthe entire reasctor. cooclant
syastemy inmcludinsg the sressurizery is filled with water.

Steam semerator. A hest exchsnger in which resctor coolant water
flowing throush tubes hesls the Teeduwster to sroduce steam,

Steam tabhle, A chart used to determine the temrerature at  which
water Wwill Hhoil ot & f1iven Fressure,

Tellurium. A chemicsl element sroduced in fission. S0lid  under
ordinare condilbinms. :

Thermneluminescent dosimeter (TLID. A device to measure ruclesr
radiatiorn,

T™I. Three Mile Islandé site of two nuclesr rower reactors
oreralted biw Metrosolitan Edison Comrany.

Tramnsiert. An abrmormal condition or  event in a3 nuclear vrsower
sgstom,

Trir. N sudden shultdown of 38 riece of machinerg.
Turbine buildins,. A structure housing the steam turbiner
dgeneratorry arnd much of Lhe feedwster sustem.

Uramium oxide (UD Ys A chemical comround contsining wuranium  and
wygen thst is used as s fTuel in muclesr reactors,

Waste a5 decaw tank, One of two auxilisry building tenbs in which
radiocactive deses removed from the reactor coolant are stored.

Xernon—-133. A radiozctive noble s€ssy with 3 h2lf-life of 5.3 dauss
that is mot shsorbed by bodwe tissues and is soon elimimsted by the
bocdy Lf inheled or ingested. :

Yarlee ﬁtmmic‘Gruuw. A comranw  formed by seversal New England
utilities to build the riuclear rFower rlant 2t Rower Mass., Now also
an endinecering service organization for the New Endlarnd utilities.

Zircalos-4, A zircorndum allow from which fuel rod claddinz  is
made . .



Several letiters Trom Mr. Harold Raftons, 2 Al
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Arrendix U, List of lLetlers

7/10/79 and ©/2/79--J.T. Driscolls Mazs. Turnrike Authoritwy  Use
of Turneike with enclosures. '

7719775~ .FE, Bgdghiany University of Lowells Shirment from the
University of Lowell Resclor,

/237 7F s Clark: Mass. Institute of Techrnolagyr Shisment from
the MIT reactor, '

8/13/79--0G.E+ Fariers Derartmernt of Public Healthr Funding for IPH
worl, with enclosures, :

0/E/T7F9~-ReHe Curminshamy Civil Defense Asencyr Emerderncy &lans

12/14/79~--R.F. Fraziersy Sauth Shora Chamber of Commercas Need for
Filgrim II.

8/31/7?~-M;E. Mewerys Attornes Germersi’s Officer Filgrim 11
hearinﬁ.

QRIN/T79--JeMe Ludony Boston Ediszons Resronze to cuestions

10/73/77%9-—JMe Ludaony Bosten Edicons R Menadement of uwnusual
evernts (B) radistion exesosure (€) communication flow Faths.

2/30/72~~N.M. Hsllery NRCy resronse to auestions with enclosure
NUREG--CH78, : :

LLG/ TR, Vandanbursahy Yankee Atomic Electrics resronse Lo
aquestions with enclosure.

10/11 77900 e Melelskossy Advisory Council or Radistion
Frotections rerort on emerdency wlsns with enclosure,

10/12/7%-~-J. 4 Ludons Roston Edisony Ouster Cresk imcident.
11/1/779~~1,0. Broclgsy Boston Edisony resronse to auestltions,

12/14/79--G,E. PFarkery Derartment of FPublic Heslth (hsanded to
Richard Wilson)y list of TLI’s.

12/17/792--J, Driscolly Mass., Turnsile Aublhoritwr use of turneile.

AT T e MA
sod e leasre

cancarring  work  bwe o bhe Undaen of Cornceermod Sodombiat
FOWET L oEeneral.

Mr. Dave Miner (undated)ys a8 letter concerned with sohotagse of
nuclear reachtors,



Rulemaking Comments

From: Gallagher, Carol

Sent: Wednesday, June 13, 2012 3:59 PM

To: Rulemaking Comments

Subject: Comment on Proposed Rule - Onsite Emergency Response Capabilities
Attachments: NRC-2012-0031-DRAFT-0010.pdf - Adobe Acrobat Pro.pdf

Attached for docketing is a comment from Richard Wilson on the above noted proposed rule (77 FR 23161,
April 18, 2012) that | received via the regulations.gov website on June 13, 2012.

Thanks,
Carol



