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Preface

At the request of the Three Mile Island Public Health
Fund*, this critical study of the public literature on TMI
dose assessments has been prepared to help the Fund decide
whether or not any further scientific work needs to be under-
taken in connection with dose assessments. Because it has
become clear in carrying out this review that significant
issues do remain unresolved--issues that might bear on the
ultimate health effects projected to occur as a result of the
accident--recommendations have been developed that indicate
how gaps in the literature on the TMI dose assessment might
be closed by further research and analysis. These recommen-
dations are found at the eﬁd of the report in the form of
proposed projects relating to each issue judged unresolved by
this review.

The findings of this report, and necessarily the
recommendations based on them, are preliminary in nature,

based on information and analysis of the TMI accident dose

*The Three Mile Island Public Health Fund was established as a
result of a settlement of litigation surrounding the Three
Mile Island accident, In re: Three Mile Island Litigation, _
C.A. No. 79-0432 (M.D.Pa., November 9, 19 ‘ e purpose of ~
the Fund is to investigate possible detrimental consequences
of the accident and to improve radiation monitoring and
emergency planning in the TMI area, as well as to investigate
the health effects of low level radiation and to develop a
program of public education on the operation of the facflity
at TMI. The Fund is under the supervision of Judge Sylvia H.
Rambo, United States District Judge for the Middle District
of Pennsylvania. The Fund is being administered by David
Berger, Attorneys At Law, chief counsel for the Fund.



assessment literature in the public domain. Such findings
are subject to modification as more information becomes
available. In order to bring to light as much new ihror-
mation as possible, the following next steps are recommended

to the Public Health Fund.

1) That a dosimetry workshop be convened, with
invitations to all researchers reviewed! in this
study as well as specialists with expertise in
relevant areas. This workshop would rrovido an
opportunity for invostifators to clarify their work
and to respond to questions raised about their
analyses. The exchange of ideas promoted might in
itself resolve a number of uncertainties that still
exist as to the assessment of doses alL Three Mile
Island. In addition, the workshop attendees would
be invited to comment upon projects proposed to
deal with remaining uncertainties.

Depending upon the outcome of the workshop, an
update of this report may be desirable.

2) That as part of the preparation for the work-
shop, the Fund commission and distribute to the
attendees a series of preliminary quantitative
calculations so that the relative importance of the
issues raised in this report can be assessed and
commented upon at the workshop. These proposed
calculations, which are included as part of Section
7.0, consist primarily of preliminary analysis of
data collected after the TMI accident, but not
utilized by previous investigators.

3) That in conjunction with the publication of the
report, a call be issued for additional information
not yet incorporated into the public record. If
sufficient data are made available, an addendum to
this report would be appropriate.

4) That those proposed projects that are the most
time-crucial (e.g. monitoring of cleanup efforts)
be developed and instituted as soon as possible and
that other projects be reviewed for implementation
by the TMI Health Pund.




1.0 Introduction

Presented in this report are the results of an extensive
study of the public literature on the radiological aspects of
the Three Mile Island accident. The study set itself three
basic objectives. The first objective was to search out,
bring together, and review critically all information in the
public record relevant to estimating the release of radio-
active material from Three Mile Island and the consequent
dose of radiation to the exposed population. The second
objective was to locate and bring together all important yet
unanalyzed public information related to dose assessment for
possible later aralysis and calculation. The third objective
of the study was to develop a series of recommendations to
the Public Health Fund for future jrojects in the dose
assessment area. (These projects are discussed in Section
7.0.)

As will be shown in this report and documented in the
appendices, a great number of questions remain about the
radiation doses caused by the accident. Because the major
studies on this subject were undertaken ir. the months sbon
after the March 28, 1979 accident, and completed under
considerable pressure for immediate” findings and reassur-
ances, it is not surprising that these official studies
cannot provide complete, scientifically justifiable answers.
Subsequent studies in the scientific nnh engineering

literature have not resolved the residual uncertainties.



Some of the questions that remain about the radiological
aspects of the accident may never be answered, but a great
many may be answerable upon successful completion of the
research projects proposed at the end of this report.

Problems remain, it should be emphasized, not because
investigators have been incompetent. On the contrary, the
investigators reviewed in this study were found to have been
extremely clever in using a combination of inference and
science to extract information from limited data. Problems
remain because a great deal of crucial data does not exist,
or is unreliable. Researchers have been forced to replace
the missing information with assumptions and to manipulate,
es best they can, the unreliable data. It is hoped that this
review, by bringing together the full range of dose estimates
provided in the literature and by highlighting, often
critically, the assumptions and methods employed to reach
those estimates, will serve as a first step in reaching a
better understanding of the radiation-induced health

consequences of the TMI accident.

It should be noted that this report does not critically

examine the quantitative connection that is made in the TMI
literature between radiation doses and projected health
effects. The only detailed discussion of health effects
found in this report (in section 6.0), is connected with
clarifying how the health effects projections that accompany

published dose assessments would have changed had an uncer-




tainty range been assigned that encompasses al. of the dose
estimates found in the literature. Thus, this report is
concerned with the first step in projecting health effects,
i.e. dose assessment.

The report is organized as follows: after a description
of the literature upon which the report is based, all dose
assessments located in the literature are presented. The
next sections outline the problems with the existing dose
assessments (with reference to the Appendices where more
complete and technical reviews are providad). In Section
7.0, proposed pro jects, designed to answer many of the
outstanding questions, are listed and described. A
bibliography of relevant papers and reports makes up the
final section.

As has been indicated, supporting documentation for the
conclusions and recommendations is contained in the appen-
ices.

Appendix A, which has been written for the non-spe-

cialist, reviews and evaluates the literature on the doses

resulting from noble gases. Appendix B (which is primarily

technical) outlines a method, unavailable to early inves-
tigators, to make use of inventory accounting calculations
during the deliberate venting of Krypton-85 from the
containment building atmosphers in 1980 as a check on
calculated noble gas releases from the time of the accident.

This appendix has been prepared based on research carried out

via
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.. pariel Pisello, Ph.D. Appendix C, which like Appendix A
;;; been written for the non-specialist, reviews and eval-
uates the literature on doses to the thyroid resulting from
the release of radioiodine to the atmosphere and also reports
or a selection of published but incompletely analyzed data.

Technical Appendix D compares inhalaticr. and ingestion
pathways for radioiodine in cows. This comparison has proved
helpful in assessing the importance of discrepancies that
exist in studies that have analyzed concentrations of radio-
iodine in milk samples. Technical Appendix E, written by
Thilo Koch, Ph.D., comments on the possibility of using re-
search results developed in Germany to assess the magnitude
of hypothetical emissions of radioiodino from the secondary
locp at TMI. Appendix F, researched under subcontract by
Gordon Thompson, Ph.D., investigates the public (and worker)
health impacts of the cleanup of TMI-2, considering both
actions already initiated and those planned for the next
several years, as outlined in the planning literature, in
particular, the NRC's Programmatic Environmental Impact
Statement (PEIS) of March, 1981.+ .

*It must be noted, however, that a December 1987 supplement
to this PEIS (NUREG 0683, Supplement #1), published after the
comflotion of Appendix F, has very substantially raised its
estimate of occupational radiation doses to be expected: from
a March 1981 estimate of 2,000-8,000 person-rem to a current
estimate higher by a factor of about eix: 13,000-46,000
person-rem,



2.0 Description of the Existing Literature on TMI Dose

Assessment

Four comprehensive studies of the raaiological aspects of
the TMI accident weire undertaken in the initial months after
the accident. These were studies by the President's Commission
on Three Mile Island (Kemeny Commission),* the Nuclear
Regulatory Commission's special inquiry group (NRC's Rogovin
Report),** the NRC's Staff Report on the accident
(NUREG-0600),*** and an interagency task force composed of
representatives from the Environmental Protection Agency, the
Department of Health, Education and Welfare, and the NRC (Ad
Hoc Dose Assessment Group.)# In addition, a private study
(TDR-TMI-116)## undertaken for General Public Utilities by a

consulting firm, Pickard, Lowe and Garrick, Inc., was so

*J.A. Auxier et al., "Report of the Task Group on Health Physics
and Dosimetry to the President's Commission on the Accident at
Three Mile Island," (Report of the Kemeny Commission Staff,
Washington, D.C., October 1979).

“*M. Rogovin, G. Frampton, Jr., Three Mile Island: A Re ort to
the Commissioners and to the Pu ’ eport o e Nuclear

egulatory Commission Special nquiry Group, Washington, D.C.,
undated).

®**U.S. Nuclear Regulatory Commission, Investigation into the
March 28, 1 Three Mile Island Acclident, !chort NUREG- 0600,

#Ad Hoc Dose Assessment Group (Battist et al.), "Population Dose
and Health Impact of the Accident at the Three Mile Island
Nuclear Station," (Report NUREG-0588, Nuclear Regulatory
Commission, Washington, D.C., May 10, 1979),.

##Pickard, Lowe and Garrick, Inc., "Assessment of Offsite
Radiation Doses from the Three Mile Island Unit 2 Accident,”
(Report TDR-TMI-116, Revision 0, 1979). -




widely cited in public documents, and copies of it so easily
obtainable, that it has achieved de facto status as a public
document itself.

A number of other reports have been issued dealirg with
particular radiological issues at TMI, and rels .ed papers have
been published in technical journals. Some of these additional
reports and papers represent the delayed publication of work
carried out by consultants to the major investigating groups,
but a good many represent new work. For instance, as part of a
1981 review of dose assessments carried out by Technology for
Energy Corporztion® at the request of the Nuclear Safety
Analysis Center, new estimates were made of the amount of noble
gases released.

Another group of papers and reports in the literature does
not deal directly with dose assessment, but contains informa-
tion about the reactor during the accident or contains other
information relevant to assesssing doses. (For example, papers
published on the efficiency of filters in TMI-like environ-
ments bear on the issue of determining the efficiency of the
actual filters at Three Mile Island.) As a result, the initial
literature search carried out for this report revealed the exis-
tence of a large body of potentially relevant information.

To ensure thoroughness in locating this information, 185

*P.K. Knight, J.T. Robinson, F.J. Slagle, P.M. Garrett,
(Technology for Energy Corporation), "A Review of Population
Radiation Exposure at TMI-2" (Report NSAC-26, Nuclear Safety

Analsis Center, Electric Power Research Institute, Palo Alto,
CA, August 1981).




computerized data bases were searched, of which 47 contained
entries for TMI. (See Bibliography, Section 8.0, for a list of
the 47 data bases utilized.) These data bases yielded for
initial review some 300 papers and reports published as of
August, 1982 which appeared to have sume potential bearing on
THI dose assessment. A final update was carried out as of
October 1983, in which an additional 100 papers were located
bringing the total to 400. Of these 400 papers and reports,
some 100 proved directly relevant and are listed in. Part II of
the Bibliography. Also included in this list are a few reports
that were not found by computer search, but were cited in otheyr
papers or suggested by people knowledgeable in the field. No
. doubt there exists additional information--especially unpub-
lished information--relevant to the TMI Dosimetry that has not
yet been located. If readers of this report are aware of such
information, it would be helpful to include it in updates of
this report. References should be sent to the principal in-
vestigator, Dr. Jan Beyea. (c/o David Berger, Attorneys at
Law, 1622 Locust Street, Philadelphia, PA 19103).

Consideradble data on TMI have been published but not
analyzed--especially data concerning environmental monitoring
of radioiodine and radiocesium. Preliminary analysis of cer-
tain of these data for the purpose of determining their con-
sistency with particular hypotheses about the accident can be
made in a straightforward way. This report recommends that
‘ such analysis and approximate calculations be made expediti-
ously in conjunction with the proposed TMI dosimetry workshop.

| S



3.0 Doses Received at Three Mile Island

The focus of most TMI research, and of this review, is
on the "population dose." A population dose, as opposed to
an individual dose, is the cumulative sum of the radiation
drses delivered to an exposed popula*ion. That is, three
hundred people receiving a l-rem dose to the thyroid gland
would have received a 300-rem thyroid populaticn dose.
Population doses are important because they can give, if
carefully interpreted, a rcugh approximation of the total
number of cancers that may result in the exposed population
from the doses delivered to whatever organ or organs are
under consideration. In general, population doses can be
estimated more accurately than 1ndividualldonca.

A number of population doses are of possible interest at
Three Mile Island:

1) the population dose delivered to the “"whole
body" from radiation, primarily from noble gases
such as Xenon-133 in the passing radiocactive cloud;
2) the population dose delivered to the thyroid
gland from inhaled or ingested radioiodine; and

3) long-term population doses delivered to various
organs and the whole body from any long-lived ra-
dionuclides, such as radiocesium or radiostrontium

that were deposited on the ground or inhaled.*

*Radiocactivity deposited on the ground would continue to
irradiate the population as the radicactivity decayed.
Inhaled radioactivity, if it is both long-lived and retained
in the bYody, can give a delayed radiation dose.

S —— — " — pa——




estis

these categor
Many of the entries are
has as yet been made. (Such lack of information
itself the incompleteness of the available literature.)
the three sections that follow, the measuring devices avail-
able to researchers and the general methods employed to reach
their estimates for each of the dose categories listed above

are briefly summarized and reviewed.

the Whole Body

literature contains a substantial

pulation dose estimates from the noble gase

released in the initial accident--from 276 to 63,000 person-

rem delivered to the general population within 50 miles (see
Table 1, column 1). Suech a divergence is sufficient to
indicate the degree of unc ertainty on this question.*
Researchers estimating the whole-body population dose
approached it in one of two general ways. One group of
analysts assumed they knew how much radiocactivity was re-

®*These numhpr ‘were calcul ated without taking into account
self-evacuation and shi lelding afforded by buildings. As
indicated in Ap,enilx A, they should ﬂro*ably be reduced by
25% or so as a result. They should be in creased--possibly
doubled--to account for the neglect of acces beyond 50 mile




Table 1

Range of TMI Population Doses Appearine in the Literature by Time Period and Organ

(in Person-Pem)

Dose to Whole-body Dose to Whole-body Dose te Dose to Bone
from Short-lived from Long-1ived Thyrold from from
Isotopes /e.x., Radlocesium Radiolodine Radiostrontium
Time Period noble mases/
within bevond within beyond within beyvond witnin bevond
50 50 50 50 50 50 50 59
miles miles miles miles miles miles miles miles
(equal (equal ) (equal
Infitial 276- o) to S0 ? to 50 1,280 to 50 ? 2
Accident 63,000 mile mile mile
dose?; dose?) dose?)
Krypton :.
Venting c) c) d) d) o
. 1
Clean-Up:
Projected ’ 13,000, ? ?
Doses to 46,000
Workforce
. Projected
Doses to e)
Population 10 ? - o
from Clean-Up )

These doses should probably be reduced by about 25% to account for building shielding and self-evacuation.
See Appendix A.

b) Considered to be a significant overestimate by analyst.

a)

¢) Insignificant in comparison to doses received in the initial accident.

'
4) One paper on this subject has not been analyzed at this time,

e) On the basis of new information (the NRC Programmatic Environmental Statement Supplement #1, December 1981), the work-
force dose has been raised from the original estimate of 2,000-8,000 person-rem. The NRC has not vet revised its
projected dose to the population, but on the basis of the magnitude of the chanve in the first rilsure, it is possible
that the projected population dose of 10 person-rem will prove to be substantially underestimated.

\
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leased (usually 2.4 million curies) and therefore calculated
the total population dose using standard meteorological
dispersion methods. The quantitative results for this
"source term” method are shown in Table 2. The second group
of analysts did not assume they knew how much radiocactivity
was released, but used extrapolations of off-site dose
monitoring data (as best they could) to estimate the total
population dose. The quantitative results of these calcu-
lations are shown in Table 3. This method produces con-

siderably higher values for the population dose than does the
first group when a low release is assumed, but is in approx-
imate agreement with a 7-17 million curie release.

Each of the studies listed in Tables 2 and 3 is reviewed
in detail in Appendix A. The conclusions reached there are,

briefly, as follows:

-The most sericus reservations about the source term
(Table 2) studies involve the set of assumptions used to

estimate the release of radioactive noble gases. As a sub-

stitute for a vent stack monitor that went off-scale early

in the accident and remained off-scale for most of the re-
lease, the investigators relied solely on stripchart moni-
tors in the auxiliary building, out of the direct path of
the escaping radiocactivity, and assumed that a constant
ratio between these monitors and the off-scale monitor

would have existed. Because of changes over time in,




Table 2
Fifty-Mile Whole-Body pop:lation Doses projected

from an Estimated Nob e Cas °olguso.)

Ralease Estimate
H.toorolo§Lcni (Millions of
Investigator oce Cucries) g!rlon-lnm

Kemeny Commission
Group

subcontractor:

Lavrerce Livermore ARIAC Code . 276”"
Labcratory

Oak Ridge AIRDOS-EPA 10®
Laboratory Code I

Oax Ridge TUA Code 970°
Laboratao~y

miller et al. AIRDOS~EPA Code I1I 1500d
(Oak Ridgwm)

vechnology tor XODOQ/GASPAR 3000 - 7000*
Thacgy Corp. Codes
(Knight et al.)

a) All snalysts except for Technology for Energy for Corporation (TEC)
assumed the same time dependence for the relesse as supplied by
the Xemeny Commission. The results for all but the TEC data differ
because the assumed metworolegical models differ. The TEC results
differ because of the iarger assumed release. shielding from buildings
and sclf-evacuation has not been taken into account. Doing so might
reduce listed doses by 25\,

As reported in Xemeny Commission's "Report of the Task Group on
Health Physics and Dosimetry,” Octrbat 31, 1979.

See also, Knoy et al., utilization of the Atmospheric Release Advisor
Capability iAlAC) Services o
ccident. eport - g

Livermore CA 1980.)

A report raleased by Oak Ridge subsequent to the Kemeny Commission
report indicated this higher population dose figure. It was obtained
using the same computer code. Howevar, assumptions about the relesase
height were changed. 1In the secend calculation, it was assumed that

a ground level release was a closer approximation to actual dispersion
conditions. See Charles W. Miller, sherri J. Cotter, Robert E. Moore,
Craig A. Little, "Estimates of Dose to the Population within Fifey
Miles due to Noblo Gas Releases “rom the Three Mile Island Incident,”
Presented at ANS/European Nuciear Societ! Thermal Reactor Safeiy
Conference, Knoxville, T Yolume 2, PP. 1336-1343. (April 7-11, 1981.)

Knight et al., (Report NSAC-26) p. 111-14., Doses were corrected in
their report for shielding (i.e., they wore reported as 2200-5300,
not 3000-7000). But in order to make the results consistent with the
other entries in the table, the gorrection has been removed.




Table )

Fifry-Mile Whole Body Population Dose Estimates Obtained by

.
irterpolation and Extrapolations of Environmental Data :

Investigator Person-Rem Limitations of Methodology**

Helicopter missed releases in
first few days:; Fay have missed
center of plume on other
occasions.

Department of Energy (Hull)®! 2,000
(Based on Geiger Counter Readings)

Ad Hoc Dose Assessment croupb’

(Based on TLD Readings) c)

I 5,300 "Holes" in TLD

4) coverage; limited
 § 4 3.0 data points
available
11 2,800%’ for interpolation
£) and
v 1,600 extrapolation.

Meteorological V-a 2,600%’ Assumes that the time
n h) i dependence of release
Interpolation v-b 34007 (12,0007 ) is uniform.

Kemeny Commission Task Group” LO0O - 6600 Same limitations as methods I-IV
(Repeat of Ad Hoc Group's Methods I-1V) of Ad Hoc Group.

k
Pickard Lowe and Garrick, Inc., (Woodard) ' 3,500, (xz,oom‘5 Assumes that the relative time

(Meteorological interpolation of TLDs) dependence of the release can
be taken from striochart monitors.

16,200 Assumes that meteorology was
the same between two time periods
when, in fact, it was not.

Takeshi (Interpolation of late -
TLD readings backwards in time)

n) 63,000 Same limitations as in Takesh!

Kepford (Interpolation of late
method.

TLD readings backwards in time)

'

.‘rhese estimates apparently do not take building shielding , self-evacuation or doses beyond 50 miles

into account. For the purposes of this review, it is assumed that these effects cancel each other out.

**These limitations are discussed i detail in Appendix A.
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Footnotes

_.‘l'lblo 3

"u reported in Appendix A o reference cited in footnote b).

B)ad Koe Population Dose Assessment Group, (Bactist et al.)
*sopulation Dose and Health Impect of the Accident at the
Three Mile Island Nuclear Station. A preliminary assessment
for the period March 28 through April 7, 1979," May 10, 1979.

ﬂtxt’.‘nnlnuwnumuuon based on all Metropolitan Edison
and NRC TLDs.

"n:npouuoa/uurpehuon based on Metrcpolitan Edison TLDs
only.

.)txuo’ouuoullnumuuon based on all Metropolitan Edison
and NRC TLDs located within 8§ miles.

"txtunhum/uurwuuw based on Metropolitan Edison TLOs
within § miles.

"nn is the value given in the Ad Hoc Group's Report, using
meteorological interpolation, as opposed to the value given
in the subsequent paper published in Health Physics. The
analysis was based on Mstropolitan Edison TLDs. The number
of detectors included was not specified in the analysis.

”v-luc given in Health Physics paper. W. Pasciak, E. Branagan,
Jr., F.J. Congel, an . Fairccbent, “A method for calculating
doses to the population from XE-133 releases during the Three
Mile Island accident,® Health Physics 40,457-465 (1981).

“thu is the value that would result from including three
additional lhttogouun Edison TLDs in the anelysis. This
value is not explicitly stated in the Health Physics paper, but
derived for this review using information g!n'ixfy_'ﬁu authors.

”ﬂm is essentially a check of the Ad Hoc Dose Assessment
Group's work. Report of the Task Group on Health Physics
and Dosimetry, Tables Bl and B4, and p. 133, -

“Pielurd. Lowe and Garrick, Inc. Assessment of Offsite Radiation
f t cident, Port TDA-THM

I-

“Duuut TLDs were not used in this calculation. Had they been,
the calculated value would have exceeded 13500 person-rem. The
12,000 figure has been derived for this review in analogy with .
the estimate givan under method V-b. -

"uo Takeshi, "Excerpts from the author's review published in
Nucl ineering [Japanese revies] , Vol 26, No.3" (un-
P is mimeographed notes, Kyoto University Nuclear Reactor
Laboratory, Kyotc, Japan, no date).

"’Ch.mcy Kepford, “Testimony before the NRC Atomic Safety
and Licensing Board, August 20, 1979, in the matter of
Public Servics Electric and Gas Co., Salem Generating Station
Unit #1," Docket #50-272 (1979).




1) the radiocactive composition of releases, 2) the
radioactive atmosphere in the auxiliary building itself,
and 3) the varying pathways of escaping radioactivity,
this assumption of a constant and determinable ratio is

highly questionable.

-The most serious reservation about the environ-

S ——

| mental monitering (Table 3) studies stems from thg

. necessity to rely (in all cases except the DOE Heli-
copter measurements which have their own more serious
limitations) on the set of thermoluminescent dosimeters
(TLDs) in place at the time of the accident. There is
' evidence in the literature 'that these original TLDs left
significant angular gaps through which bursts of ra-

| diocactivity might have passed entirely undetected or

only partially detected. Figure 1, reproduced from an

Atomic Industrial Forum Study, depicts graphically the
fall-off in measurement efficiency when a burst of 5;-

|
|
' diation is not centered on the registering dosimeter.*
|

| *Charles D. Thomas, Jr., James E. Cline, Paul G. Voilleque
(Science Applications Inc), "Evaluation of an Environs
Exposure Rate Monitoring System for Post-Accident Assessment"

' (Refort AIF/NESP-023, Atomic Industrial Forum Inc., Nationsl

| Environmental Study Project, Rockville, Maryland, December
: 1981). '

"I...lIIIIIlIIllllIll.----------.-.-.-...-mm,..-...-___._______________
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Figure 1. Adapted from Thomas et al. (Report AIF/NESP-023)

Angular Variation in Measurement of Yenon-133 Dose for
Three Distances Under One Set of Weather conditions’

Ground Level Release !
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(Projects designed %o use this type of information to
obtain more accurate anvironmental measures of noble gas
radiatiorn are described in section 7.0.)

A second reservation about the use of TLD mea-
surements based on the original Met Ed set of TLDs is
that a second set placed later by the NRC indicated a
substantially greater population dose for the period
when the two sets could be compared. Some investigators
accepted the lower readings and virtually ignored the
higher ones; otrers accepted the later higher readings
and attempted to extrapolate from them alone. The
partircular procedures followed are discussed in Appendix

‘ A, but both procedures are problematic.

-The most serious reservation about the data
provided by DOE Helicopter Geiger Coun'er readings has
to do with the fact the bulk of %he readings do not
begin until two days after the initial release. This
and other reservations ar> discussed in Appendix A.

It should be noted that the highest value for the whole-body.
dose (63,000 person-rem) found in the literature appears to
be close to an upper limit under any set of assumptions for
the noble gas dose within 50 miles from the TMI accident.
That is to say, if it is assumed that the entire inventory of
. . Xenon-133 (140 million curies), plus the accompanying

-lIll'I...llIIlIIlll;lIlIIllIIIlllIllllllllllIlllIlllllllllIlIIlIIIIIIIIIIIIIIIIIIIIIII-
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Xenon-135, Krypton-87 and Krypton-88, were released from the
reactor during the accident, and then the meteorological
model for dispersion giving the highest dose per curie
released is applied (see entry under Millsr et al in Table
2), it appears that the whole-body population dose would be
approximately 75,000 person-rem within 50 miles.®*

In the concluding section of this review, proposed
projects are described which are designed to come to grips,
as far as may be possible, with problems in the estimation of
the whole-body dose from noble gases. In addition, certein
preliminary calculations of published data hot utilized in
the literature on TMI dose asssessment are identified. These
calculations should be made and ths results presented to the
proposed dosimetry workshop, as suggested in Section 2.0

above.

#75,000 person-rem equals the ratio of 140 million curies to
274 million curies multiplied by the maximum population dose
given in Table 2 for this size release (1500 person-rem).
7€,000 is not a strict upper limit because the angular dis-
tributior of the released radiocactivity may, in reality, have
differed from the distribution assumed in the calculation
taken from Table 2. Also, should a release have occurred
during the first hour, there would have been copious amounts
of very short-lived noble gases present that should also be
included in the population dose calculations. On the other
hand, the assumption of a 100% release of noble gases is too
pessimistic. Clearly, a more detailed upper limit calcula-
tion is desirable. Such a calculation (including the contri-
bution of other isotopes) is proposed in Section 7.0 as a fu-
ture research project. :




3.2 Doses from Radioiodin

The official estimate of the amount of r dioiodine
releasec is 15 to 30 curies* based on one interpetation of
in-plant data. However, an alternative analysis of in-plant
data carried out by an independent researcher indicates that
the actual release nould have been much higher, amounting to
5,100 to 64,000 curies.** Although other studies and data
appearing in the literature do not make as explicit estimates
of radioiodine releases, the information reported has been
converted to an approximate release magnitude format, in
order to determine whether the results are consistent with a
low or high release. Paradoxically, the remaining studies
also appear to fall into a high or low category, with none
fallingz in between. For instance, a reassessment of one
attempt in the literature to relate milk data to the release
magnitude suggests that many hundreds of times more radio-
iodine was released during the first two days of the acci-
dent than was estimated to have been released in the offi-

cial studies,®*»

In contrast with this first set of milk data, a differ-

ent but more lim’is. set of milk data can be interpreted

'§ée. for example, the Rogovin Report, Part 1I, Vol. Is

*#®#See Appendix C, Section 2.3.2, for a discussion of Takeshi's
analysis.

###Since one government-commissioned report begins from a
hypothetical assumption of 10,000 curies of radioiodine
released, it is possible that other researchers have also
bezn ?wnre of this possibility (see Appendix C, Section
3.6.1).




as supporting the official release estimate. In addition, we
nhave found that iodine limits determined by actual measure-
ments on people (as part of the public whole-body countirg
program) do turn out to be consistent with a 15-curie or
smaller release., However, these measurements were limited to
people living within 3 miles, so that radioiodine blown down
or up river would not be likely to have been detected. (This
measurement does serve to rastrict the direction of any large
release.)

Analysis of the data from grass samples and meadow voles
can also be interpreted to support a 15-curie release. No
easy resolution of these contradictions with the first set of
milk data is possible.

To summarize the conclusions reached in Appendix C, the
most important problems revealed in the literature in con-
nection with assessing radiciocdine releases and doses involve

che following:

-For in-plant measurements of released radiociodine,

there are gaps in the monitoring data due to the

loss of filter cartridges. Furthermore, the cali-

bration of the charcoal cartridges and filters is
at issue. There is evidence that both water vapor
and the temporary attachment of noble gases may
have blocked sites for radioiodine, producing
inaccurately low readings. In addition, some

possible pathwavs for airborne releases have not




been adequately considered. Finally, 11 million
curies of radioiodine have not yet been traced--
radiocactivity that conceivably could have escaped

via a liquid pathway.

-For environmental measurements the most important
issue (as mentioned above) is the lack of agreement
between the measured radioactivity in various sam-
ples of cow's milk and other data. In addition,
insufficient use (i.e. collection of data with no
further analysis) has been made of information from
other environmental sources--that is, grass sam-
' pPles and radioactivity found in other animals. In
part, analysis is hampered by the lack of baseline
information on appropriate metabolic processes: the
passage of radioiodine into the thyroid gland for
meadow voles, rabbits, and other animals, the hy-
drolysis of methyliodide in cows and its passage
into milk. As in the case of the noble gases,
furthermore, problems remain in the angular dis-

tribution of environmental samples. e

Proposed projects designed to remedy, as far as may be
possible, these uncertainties are described in the final

section of this report.

@




3.3 Doses from Radiocesium

Only limited environmental sampling for radiocesium was
carried out after the accident. A great deal cf the data
that was recorded is suspect because too many readings from
different sites show or are recorded tc show exactly the same
value.* No judgement is attempted here as to whether such
identical readings are the result cf instrument or human
error, but little reliance can be placed on such data without
further clarifications. Consequently, there is no hope at
this time of heing able to use past measurements to determine
a geographical pattern for radiocesium deposition on
ground. (The possibility of making new measurements to
locate radiocesium still remaining from the accident is
discussed in the proposed project section of this report.)

In order to determine an estimate for the dose from radio-
cesium, or at least a limit to the dose, it is necessary to
rely on general reports of the magnitude of the enviren-

mental measurements. Cesium-137 levels measured after the

accident were found to range up to 100 nanocuries per square

*E.W. Bretthauer, R.F. Grossman, D.J. Thome, A.E. Smith,
“Three Mile Island Nuclear Reactor Accident of March 1979
Environmental Radiation Data: A report to the President's
Commission on the Accident at Three Mile Island,” (Feport
EPA-6-0-4/81-013B, Environmental Protection Agency, las
Vegas, Nevada, 1981).




meter.* (A nanocurie is one billionth of a curie.) However,
these levels were not attributed to the accident but were
presumed to be due to residual global fallout from past wea-
pons tests. In the absence of confirmation of this
presumption (which could have been checked by testing for the
ratio of Cesium-134 to Cesium-137), it is not scientifically
valid to conclude that no radiocesium from the accident was
present. Calculations should be made for the proposed
dosimetry workshop which would at least set upper limits to
the radiocesium releases from the accident and therefore give

the participants some idea of the maximum relative importance

of the possible dose contribution. A method of determining

an uapper limit of this type is described in section 7.0.
Because cf the scantiness of the radiocesium data and
the lack of attention given to it by investigators, there has

been no need to prepare a special appendix on radiocesium.

*K. Killer, C. Gogolak, M. Boyle, J. Gulbin, "Radiation
Measurements Following the Three Mile Island Reactor

Accident” (Report EliL-357, Department of Energy, New York,
New York, May, 1979).
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4.0 General conclusions of this Review

The findings of this review are, in summary, given
below. Documentation is provided in Appendices A and C.

+) Monitoring equipment in place at the time of the
Three Mile Island accident, as is well known, was poor and
1iable to error. This includes both the in-plant monitors,
such as the vent-stack monitor that went off-scale, and the
charcoal cartridges for radiociodine (some of which were

lost), and the thermoluminscent dosimeters which were distri-

buted in insufficient numbers outside the plant.

2) Environmental sampling, hastily instituted in the
chaotic aftermath of the accident, was insufficiently coor-
dinated. Sampling did not cover all directions from TNI
adequately. In addition to problems in calibration and la-
belling, there was little or no redundancy in measurement
--redundancy that would have made it possible to check mea-
surements against one another.

3) In their analysis of the information collected, the
early official studies are subjict to the following limi-
tations. On the one hand, they easily accepted monitor read-
ings that may be open to legitimate question. On the other
hand, they rejected as anomalous 2 number of high environ-
mental readings without sufficiert rationale. Finally, in
many cases, they did not make full use of statistical tech-
niques that would have allowed better use to be made of the

data collected.




4) Additional data remain to be analyzed. Some data
collected early (e.g., radioiodine grass measurements) have
not been officially analyzed as a contridution to determining
radioiodine release rates. Other data only became available
for analysis after the initial studies were completed. (For
example, as discussed in Section 7.0, and in Technical
Appendix B, it appears possible to use the Krypton-85
deliberate venting in July, 1980 to gain information about
releace of all other noble gases.) Still otrer data will
only become available as the cleanup progresses (e.g., the
tracking of long-lived I-129 as an indication of in-plant
release pathways for I-131).

For all these reasons, it appears that the official
estimates for whole-body and thyroid population doses should
not be regarded as final at this time. Such a statement is
not meant to imply that, in fact, the official dose estimates
have been proven wrong, but only to judge that much greater
uncertainty than heretofore acknowledged should have bé;n
assigred to the doses delivered to the population and, as a
result, to the estimated health effects projected from the
doses,

At the same time, as already suggested in findings 3 and
4 above, it should be stressed that many uncertainties that
now exist can be reduced by further scientific and sta-
tistical work with existing data and by the revelations of

new data. For instance, in the course of this literature
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review and analysis, it has become obvious that continued
study would pay rich scie?tific dividends, especially in
those areas that were relatively neglected in the aftérmath
of the accident, such as radiciodine and radiocesium re-
leases. In addition, there may exist unpublished studies and
jnformation that would have an important bearing on the
conclusions of this review. Although use has been made of
what is probably the most important and comprehensive private
study, TDR-TMI-116 (which was prepared by Pickard, Lowe and
Garrick, Inc. at the request of General Public Utilities),
additional unpublished information probably exists that is
extremely important.*

The Public Health Fund will no doubt want to take
appropriate measures to encourage those with.relevant private
and unpublished information to bring it into the public do-
main. The first step should be to convene a dosimetry
workshop, at which the methodology and dose'cstimates may be
debated and, to the extent possible, resolved. Such a work-
shop would serve as a forum for the authors of the papers
reviewed in this report to clarifihtheir work, to respond to
the conclusions of contradictory studies and of this review,

and to comment on the proposed projects of section 7.0.

#This review has already paid div.dends in this regard. An
important study on pathways for radioiodine in cows, com-
missioned by the NRC, had »fallen through the cracks,”
according to the project managor and had not been released
eighteen months after completion. After our inquiry, the
study was published.
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2:0 Need for Additional Dosimetry Analysis

When considering the TMI accident, it is important to bear in
mind that the overwhelming bulk of the dangerous radiocacti-
vity released from the fuel was probably contained within the
reactor complex and certainly was not released into the air.*
This fortunate result was due to the fact that most radio-
activity passed through and (except for the noble gases) con-
densed in water before reaching the atmosphere. Had water
not scrubbed the condensible radicactivity from thé escaping
gases, the consequences would likely have been much more
serious. Table 4, reproduced from an earlier study on TMI
performed for the Council on Environmental Quality,** shows
‘ the projected consequences for three alternate scenarios of
increasing severity, Although the probability of such re-
leases is a subject of intense debate at the current time,

the very possibility of such releases occurring should serve

to put the actual accident in perspective.

*Note, however, that at least 11 million curies of the radio-
iodine core inventory is unaccounted for (see the discussion
in Appendix C, Section 2.1). Until the missing radioiodine
is traced somewhere within the reactor complex, it is
premature to conclude that there were no pathways by which
radioiodine entered the river. In any case, this amount of
inorganic radioiodine could not have entered the air or it
would have easily been detected. Even airborne organic
radioiodine in quantities of this order would have left
traces that would have been detected.

*®J. Beyea, "Some Long-Term Consequences of Hypothetical Ma jor
releases of Radioactivity to the Atmosphere from Three Mile
Island,"” (Report PU/CEES 109, Center for Energy and Environ-
‘ mental Studies, Princeton University, December, 1980).
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Even though the actual accident was nowhere near as

severe as the worst case described in Tabl in fairness to

4

ar

the population surrounding TMI, it is important to continue
efforts to estimate the full dose delivered. The best ef-
forts of the scientific community have yet to be put forward
to find out whether high readings have been rejected justi-
fiadbly: informed criticisms of official estimates have yet to
be granted a response.

Even if there were no doubts about the significance of
the population doses received at TMI, it would be worthwhile
to pursue the analysis of the TMI dosimetry further in order
to guide future monitoring and emergency planning programs,

The TMI data provide a testing g or theoretical
models of dose pathways and proposed emergency measures.
Resolving as many loose ends as possible at TMI should
improve the possibility that important observations will be
made relevant to emergency planning and monitoring. For
example, it has already become clear from this preliminary
study of the dosimetry that in order to minimize radioiodine
in milk, not only should cows be kept indoors after a release
of radioactivity and kept from grazing, but they should be

shifted to feed that has been stored indoors or brought from

distant locations, rather than allowed to eat baled hay that

may have filtered radioiodine from the air. The licking and

chewing of the ground, habitual to cows, should also be
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restricted.

As for monitoring, much work is still needed. Despite
the flurry of post-TMI NRC requirements, it is not clear that
any better information about radioiodine or radiocesium
dispersion would result should an accident occur in the
future at another reactor. Because of changes in inst;umen-
tation, better information would be available about the
amount of noble gases released from the reactor vent stack,

but the authorities to our knowledge still have no ndeﬁuate

way of determining the distribution of radioiodine or of
radiocesium deposited on the ground. A post-accident plan
for environmental sampling of deposited radiocactivity is
needed to ensure that data are taken from all angular

sectors.

Some improvements in monitoring methodology can also be

recommended as a2 result of this dosimetry review: potential
biological monitors such as the meadow vole, rabbit, goat,
honeybee, etc. should be “"calibrated™ by measuring their-
uptake of deposited radioactivity. They would then become
quite useful in future radiological incidents as a check on
the soil and grass environmental sampling program. One of
the most frustrating aspects of trying to make sense out of
the THI data is the lack of redundancy in measurements.
Human errors and equipment malfunctions will always lead to

measurement errors. In the absence of independent measure-
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ments that can be used to separate errors from real effects,
it may be difficult to explain discrepancies and therefore
difficult to assure the public that the true nature of a
release is known.,

Changes in monitoring procedures are also indicated. 1In

trying to make sense out of TMI data, it became obvious in
the course of this study that measurements of different
airborne radioisotopes should be made on the same air sample,
so that relative isotope ratios can be extracted with confi-
dence. In this way useful information could be obtained that
was independent of meteorological uncertainties. Only one
(accurate) measurement of this sort was found to be available
. in the TMI monitoring data. |

There is, of course, another important reason for pur-
suing the TMI dosimetry, beyond learning more about mon-
itoring and emergency planning: there is a substantial popu-
lation surrounding Three Mile Island that has been five years
waiting for information that they can trust concerning d&ée
levels. The complete peer review of dose estimates that can
be arranged by the Public Health Fund, through a forum such
as the proposed dosimetry workshop and subsequently by com-
missioning new studies to resolve uncertainties, will help to
ensure that the full TMI story (or as much of it as can pos-

sibly be obtained scientifically) will come to light,

E :
.IIIlII-I-----n------------—-r~




-32~-

6.0 A Summary of Health Impacts Described or Implicit in the

Literature

Dose assessments are of interest because they reﬁresent
the first step in estimating the projected health impacts of
a radiological incident. Many of the studies under review,
in particular the official reports, proceed to projections of
delayed health impacts based on various dose assessments.
Had the official studies considered all estimates, including
those of independent investigators, they would have obtained
a wider range of health effects estimates. The extent of the
increase is discussed in this section in order to assess the
possible significance of dose assessment discrepancies loca-
ted in the literature. However, because this study did not
review the literature on the health effects éf low-level
radiation, no consideration of uncertainties in this part of
the calculation is undertaken. _

The conversion of population dose to health impacts for
low-level radiation is conventionally accomplished by apply-
ing dose-response estimates researched and published by the
National Academy of Sciences.* Although uncertainty exists
about such low-level radiation risks, the Academy pro jects
0.6 to 2.0 delayed cancer deaths per 10,000 person-rem.

Thus, on the basis of their assumed collective dose of

sNational Academy of Sciences, Committee on the Biological
Effects of Ionizing Radiation, The Effects on Populations of
Exposure to Low Levels of Ionizing Radiation, (National
Academy Press, W 1 80).

ashington, D.Co s
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approximately 3000 person-rem for noble gases (see above,

Section 3.1 and Table 3), the Kemeny Commission and the
Rogovin Report projected that no fatal cancer was likely to
occur within 50 miles as a result of the accident.*

In the review of the literature on the noble gas

population dose, as reported in Section 3.1 of this report

(and in more detail in Appendix A), estimates of up to 63,000

person-rem are discussed. Thus, had the official studies

included pro'ections for such an estimate, they would have

obtained the value of

63,000 x 2.0

10,000

maximum cancer deaths for the exposed population

of 2.3 million vithin 50 miles. In summary, then, the number

of delayed cancer deaths that would be projected based on cthe

noble gas dose estimates in the literature reviewed for this

*Kemeny Commission, op. cit.; Rogovin Report,

op. cit., Part
II, Vol. II. The highest official projection of the harmful
consequences of the accident was given by the then Secretary
of Health, Joseph Califano, at a press conference in May of
1979. Mr, Califano estimated that one fatal cancer would be
expected as a result of the initial noble gas release.




report (and using official dose-response coeffecients) ranges
from zero to thirteen. As discussed earlier, a 63,000 person
rem dose is probably an upper 1imit, although there are still
some unresolved questions about very early releases and
although certain corrections might increase the total some-
what if the population beyond 50 miles is considered.* In
any case, the total number of delayed fatalities prcjected
from the released noble gases can be limited to approximately

thirteen using conventional dose/response coefficients, even

for the most pessimistic study in the literature.
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#Self-evacuation and building shielding probably lower the
maximum by 25%, while the inclusion of post-50 mile doses
might multiply the new product by a factor of 2, for a net
50% increase. (See Appendix A). Still unresolved, however,
is the fossibility of a hypothetically large release of very
short-lived noble gases during the first hour which, con-
ceivably, could raise the total.

v
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7.0 Toward a Better Understanding of the TMI Accident:

Current Uncertainties and Propcsed Projects

In order to give the Advisory Board of the Public HKealth
Fund an idea of the elements which would make up a more
complete dosimetry study, a discussion has been prepared for
this final section of the report of uncertainties that remain
to be addressed. Suggestions, in the form of possible pro-
jects, have been proposed for addressing them. Whenever a
future study is suggested, whether related to dosimetry or
emergency planning, it is given a "Proposed Project number"”
for purposes of reference. Table 5, which is included at the
end of this section, provides a succinct description of each
‘ project and the dose estimate with which it is associated.

1. Inconsistencies in Estimates of the Amount of Re-

leased Noble Gases. Different measurements of the number of
curies of noble gas released are inconsistent and the
discrepancies not obviously resolvable. Two of the most
highly publicized estimates differ by more ihan a factor of
four (2.4 million curies and 10 million curies). Other
studies indicate that the discrepancy could even be larger.
The controlled Krypton-85 venting.‘carried out in June and
July of 1980, offers a new opportunity to make this estimate, -
as is proposed in Appendix B. Prior to the convening of a
dosimetry workshop, calculations should be made using this
method to determine whether or not the results will likely be
consistent with other estimates. (Proposed Project #la.)

L L e



Discussion of the various estimates of noble gas
roleases among all investigators is Propcsed Project #1Db,
vhich could most appropriately take place as part of a2
dosimetry workshop.

2. Inadequate TLD Calibrations. Based on analysis of

published papers, the TLD calibrations appear inadequate.

Since 50% of the cumulative dose delivered to those TLDs used
in the early time period has been estimated from theoretical
calculations to be due tc noble gases other than Xenon-133,
such as Krypton-88 and Xenon-135, it is inappropriate to rely
on calibrations made with Xenon-133 alone, as appears to have
been done for some of the studies appearing in the litera-
ture. In any case, proper calibration of TLDs for a mixture
of isotopes that is also changing in time due tc radioactive
decay is a non-trivial problem that requires more attention
tran it has been given. The TLD calibrutions should be made
not only a function of time and isotope mix, but alsc a
function of the distribution of airborne radicactivity
(which, in turn, is a function of the stability of the at-

mosphere).* (Proposed Project #2.)

*There are two reasons for making measured or calculated
calibrations a function of the shape of the radioactive
cloud: first, it is more accurate to do so. Second, the TMI
detectors were ccnstructed so that contamination of the gamma
ray sensors by beta rays inadvertently occurred. The rela-
tive contribution of the beta.rays to the detected signal can

depend quite sensitively upon the shape of the radiocactive
cloud.
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3. Possible Gaps in the TLD Monitoring Perimeter. From

the general literature on angular limitations in TLD mea-
surement capacity (see above Section 3.1 and Figure 1), it
appears clear that thermoluminescent dosimeters at TMI were
spaced too far apart to guarantee that all releases of noble
gases were fully detected.

Because there were only 20 monitoring stations, the
average angle between stations was 18°., A wind vector midway
between two detectors would then fall, on average, half of
18°, or 9° from a TLD. (In some cases half of the angle
between TLDs was much more than 9°, in some cases less.)
Inspection of Figure 1 shows that a TLD 9° away from a wind
vector-- especially one of the distant TLDs located beyond
1000 meters--would lose a great deal of its sensitivity.
Consequently, there must have existed "windows" in the moni-
toring perimeter between some of the TLDs.

Although the existence of these gaps is rather easy to
document from the existing literature, their sfgnificance }s
more difficult to assess without further work. Prior to the
proposed dosimetry workshop, it would be advisable in this
regard to produce TLD efficiency ratiﬁks for the full 360°
compass surrounding Three Mile Island and to compare any
resulting gaps in the perimeter with the actual hourly
direction of the wind during the early days of the accident.

This production and associated delineation of windows will be

Froposed Project #3a.



A concerted effort should be made to collect and develop
alternative evidence concerning the magnitude of any radio-
activity that might have passed undetected through TLD
windows. Four projects are proposed. First, there may be
isolated pieces of information that are not yet part of the
public record. A call for information, concentrﬁting on par-
ticular geographic areas. ﬁay well, even at this late &atc.
produce useful results. (Proposed Project #3b.)

Second, cvidence that might prove useful in assigning
approximate limits to radioactivity within TLD windows could
come from film badge monitoring data routinely accumulated
and recorded for hospital and other specialized workers.

Data of this form from the Harrisburg Intefnational Airport
were sent to us by a local resident indicating.that around
the time of the accident 10-45 millirem were accumulated by
monitors that normally never show any readings. Although
this particular data may be toc close to TLD locations to
fall into a window in the TLD perimeter, its existence sug-
gests the possibility that similar information might exist at
locations that do fall into TLD windows. Information of this
type has not yet been published. (Proposed Project 3c.) It
should be noted that an "ad hoc"™ attempt to convert ordinary
photographic film into radiological data was carried out
after the accident., Five photographic film samples were

collected from local stores and analyzed by the Bureau of

ma’-’s‘kﬁ'hxﬁ%h»&lf'm PRI s A R L et
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Radiological Health (BRH).* Unfortunately, all but one of
these samples appears to fall close to a TLD direction,
indicating that the BRH data will not prove as useful as it

would have had the locations been different. (Even though

the BRH work probably does not provide much useful informa-
tion about the TMI accident, the work is potentially very
important for monitoring in general. It suggests that
ordinary, inexpensive film could be very useful in future
incidents at nuclear installations if samples were distri-
buted over a wide angular range. The low cost ¢f photo-
graphic film would allow such monitors to be set at

sufficiently narrow angular intervals around a reactor to

‘ eliminate all windows,*#)

*R.E. Shuping, "Use of Photographic Film to Estimate Exposure
Near the Three Mile Island Nuclear Power Station" (Report FDA
81-8142, Department of Health and Human Services, Food and
Drug Acdministratior, Bureau of Radiological Health, Rock-
ville, Maryland, February, 1981). The conclusions of this
paper are somewhat ambiguous because the orientation of the
film cylinders (i.e., the direction the cylinder was pointing

though

**Based on the BRH work, the most unambiguous way to use film *o
monitors to detect radiation ic to measure the osciilation in
density along the film after it is developed (the »>scilla-
tions are due to absorption effects in the certral cylin-
der). It appears that the sersitivity of the film could be
increased for monitoring purposes by inserting lead rods into
the cylindrical axis of the film, thereby causing greater
density oscillations on the film when developed.




A third proposed project would be more theoretical. In
the absence of any other information about radioactivity
carried in the direction of a hypothetical TID window, it is
possible to set upper dose limits using thecretical meteor-

ological dispersion calculations. For instance, a "worst

case” calculation could be performed in which 100% of the
noble gases in the core were assumed released in one di-

rection during the worst meteorological conditions that

occurred for that wind direction during the accident. (Some
preliminary calculations along these lines should be pre-
sented to the dosimetry wurkshop--Proposed Project 3d.)
Finally, because upper 1imits obtained in this manner
are likely to be quite high (50 rads?), it may be possible to
gain more restrictive information, as discussed next, using
crude experimental technigues that have been developed in a
field completely unrelated to human dose assessment. For
instance, Edward Radford of the Public Health Fund Advisory
Board has suggested that post-accident measurements could
still be made using thermoluminescent techniques that are
used in archeological dating. As.an example, bricks or tiles
located in ordinary housing could be used as crude radiolo-
gical monitors. The key idea here is that, were the radi-
ation from the accident sufficiently high, the resulting
defects in the brick would be great enough in number to be
detected using thermoluminescent techniques. The sensitivity

of this method for a range of common materials should be
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explored to determine whether or not the method would be more
useful than a simple upper-limit calculation. (Proposed
Pro ject 3e.)

An alternative method for dealing with the significance
of any gaps in the TLD coverage would be to use a "Bayesian"
statistical analysis to gain some insight into the likeliheood
of various noble gas population doses within the 276-63,000
person-rem range. The procedure would involve guessing at
hundreds of different time-dependent scurce terms for the
noble gas release, and then calibrating for each how much of
the dose would have been missed by the TLDs given the actual
meteorological history. Next, the resulting population dose
associated with each time-dependent function chosen would be
calculated. It is quite possible that most reasonable
guesses at the source-term's time dependence would lead to
population dose estimates that -enter around some mid-range
value., By performing the calculation for a wide range of 3
Source-term scenarios, a histogram of dcse estimates could be
generated that would help in assessing the likelihood that
the true dose exceeded the most frequent.value calculated.
(Proposed Project #3f) As part of this calculation, atten-
tion should be given to the population dose beyond 50 miles,
and it would also be of interest to break down the population
dose within 10 miles of the plant. One by-product of this

pProject would be a more accurate determination of the maximum

population dose.




“. Missing Radiociodine. As mentioned in

above, at least 11 million curies of the core radioiodine

inventory is unaccounted for at this time. As the cleanup
progresses, it will become possible to measure where resi-
dual, long-lived Iodine-129 is deposited in the reactor

Such measurements may provide information about the paths

short-lived radioiodine took at the time of the accident,

i.e., the Iodine-129 will have left a trail that can still be
followed. Subject to the approval of the court, the Fund
might want to commission an independent analysis of this
methodology and its sensitivity. (Proposed Project #4a.) It
may also be necessary to appoint someone to promote and
monitor Iodine-129 measurements that might be carried out by
the utility or government agency. 1In genera;. the Health
Fund should consider monitoring all attempts to account for
the missing radioiodine. (Proposed Project #4b.) It seems
especially important to make an independent assessment of
whether or not this missing radiocactivity could have escaped
via a liquid pathway, si :e liquid pathways have not been
carefully investigated in this rev{ew. Some future efforts
should be made in this direr2tion. (Proposed Project #4c.)

5. Gaps in In-Plant swnitoring Data for Airborne Radio-

iodine Releases. Information available about the amount of

radiociodine released to the atmusphere in the first 15 to 42
hours of the accident is limited and unsatisfactory. For

radioiodine (unlike noble gas) there were measurements of the




amount of radioiodine released from the vent stack, but it
was acknowledged from the beginning that records from the
monitoring cartridges for the first 15 hours were lost or
mislabeled. Subsequent investigations indicate that the raw
data is suspect out to 42 hours from the start of the
accident. (See Appendix C, Section 2.4.)

To get around this gap in the data, analysts substituted
data from feeders to the vent stack coming from the fuel
handling and auxiliary buildings, and implicitly assumed
there were no filter bypasses and no radioiodine contribu-
tions from other feeders to the vent stack. However, as
indicated in Appendix C, alternative pathways need to bde
properly considered. (Proposed Project #5a)

For instance, there was at least one known release

pathway to the vent stack that bypassed the fuel handling and

auxiliary buildings (through the so-called "relief tank vent

header®). 1In addition to this, a number of octher escape

pathways were possible--especially at the time when the ven-
tilation system was turned off. Radioactivity conceivably
could have gone out the air intake tunnel. (The NRC had
warned Metropolitan Edison during the accident that turning
off the ventilation system could lead to a ground level

release.*) In addition, there may have been releases of

*U.S. Nuclear Regulatory Commission, Irnvestigation into the
March 28. 1979 Three Mile Island Accldent by the Office of
Inspection and Enforcement (Report NUREG-0600, Washington,
D.C., 1979), p. II-A-%2.




radioiodine from the secondary side (see #6 below). Thus,
there were even possible pathways that could have bypassed
the vent stack itself. Once again, analysis of I-129 left on
surfaces in the reactor (see =bove, Proposed Project #4) may
prove helpful in determining the true escape pathes for
radioiodine.

Because it has been estimated that more than 100,000
curies of radioiodine may have been airborne in the contain-

ment building,* it is particularly impertant (for both air-

borne releases of radiocesium as well as radioiodine) to de-
termine whether or not the containment building atmosphere
was in fact isolated from direct contact with the extermal
environment for the first 42 hours, with all leakage paths
occurring through water. The literature provides evidence in

the event-by-event descriptive records of the accident that

raises the question as to whether the containment atmosphere

was continuously isolated--an assumption that has been made

-

in all studies to date.** The most striking reason

*C.A. Pelletier, P.G. Voilleque, C.D. Thomas, . .A. Daniel,
F.A. Schlomer, J.R. Noyce, "Preliminary Radici.dine Source-
-Term and Inventory Assessment” (Report GEND-028,

EG & G Idaho, Idaho Falls, March 1983). The model developed
by these authors projects that a maximum of 0.2% of the ra-
dioiodine in the core (which in turn is known to be 70 mil-
lion curies) was airborne at any one time. The cumulative
quantity of radicioidine estimated to be airborne was
estimated to be 5 times higher.

s#The main pathway of concern is the reactor building purge
system. It may have leaked before the containment building
was isolated and during the intermittent periods when iso-
lation was defeated.




for considering this pathway has to do with the likely
inoperability of the filters that should have served as the
last line of defense against radiciodine release from the
containment building. It was discovered in early 1982* that
a bypass existed around the filters between the containment
building and the vent stack. Stee) plugs that were supposed

to block interconnecting drain pipes were missing. 1In 1980

the holes were covered with "tuck" tare, as preparation for
the Krypton venting, but evidently there was not even tape in
place at the time of the original accident.

Figure 2 indicates some of the escape pathways discussed
in this section that would be of particular concern for
‘ Proposed Project #5a. '

In addition to the search for unmonitored release
pathways, it is also important to clear up certain incon-
sistencies that exist concerning the calibration of the vent
stack monitoring system. As discussed in Appendix C, there
is the possibility that the high level of noble gases \
simultaneously present in the vent stack, as well as the high

concentration of water vapor, may have interfered with the

efficiency of the collection of radiciodine. Proposed

'ﬁz;ald R. Bellamy, "HEPA Filter Experience During Three Mile

Island Reactor Building Purges" in 17th DOE Nuclear Air
Cleaning Conference, M.W. First, Ed. (Conf-B20 33, Department

0 ergy, Washington, D.C., 1983),
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Project #5b would investigate this matter, (Questions about
the efficiency of the vent stack monitor for organic forms of
radioiodine will be discussed below in #7.)

6. Emissions from the Secondary Side of the Reactor,

Official studies did not include estimates for this release
pathway, even though there is general acknowledgement in the
literature that secondary side steam was released into the
atmosphere. A method is Proposed in Appendix E for using
general computer calculations to estimate possible releases
of radioiodine that may have occurred from the secondary side
of the reactor. Collecting the information on the TMI
reactor necessary to use this method, as well as the actual
analysis, is proposed as Pro ject #6.

~

7+ Uncertainties in the Chemical Form of the Released

| = O I
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iodine. The chemical form of the released radioiodine

is unclear, i.e., i+ is not clear what percentage was organic

€+ methyliodide) and what percentage was inorganic. Most

analysts have assumed that the release was all inorganiec.
And indeed, some measurements appear to confirm this, i.e., a
number of measurements made on airborne sanples taken

- 3
A

the reactor.* On the other hand, some analysts

retthauer, R.F,. Grossman, D.J. Thome, A.E. Smith,
Mile Island Nuclear Accident of March 1979 Environ-
Radiation Data:r A Report to the Presidents's Com-
the Accideat at Three Mile Island” (]

-81-013B, En-ironmental Protection Agency,

vada, 1981), pp. 2-3.

following page)
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assume, based on reports of vent stack measurements, that the
release was evenly divided between the two forms.* Finally,

there is completely contradictory evidence pased on analyses

of auxiliary building exhaust filters indicating that 97% of

the release may have been organic.**

Once the possibility is allowed that the ratio of the
two forms of radioiodine may be unknown, the compliexity of
trying to make gense out of the data available on radiociodine
at TMI goes up enormously, especially because of the lack of
pasic information about the behavior of organic iodine.

Proposed Projects #7a - 74 are designed to gain more
information about organic radioiodine as it relates to the

T™MI accident. For instance, there ijs a need to determine the

efficiency with which the in-plant radioiodine cartridge

(con't from preceding page) _

See also, Ad Hoc Dose Assessment Group, »Population Dose
and Health Impact of the Accident at Three Mile Island
kuclear Station: A Preliminary Assessment for the Period
Marcn 28 through April 7,1979" (Report NUREG-0588, Nuclear
Regulatory Commission, Washington, D.C., May 10,1979),
Appendix B, PP B-2-4. N

#pickard, Lowe and Garrick, Inc., »pssessment of Offsite
Radiation Doses from the Three Mile Island Unit 2 Accident”
(Report TDR-TMI-116, Revision 0, 1979) p. 5-5.

s#See Table II-4 of Rogovin Repors. M. Rogovin and C. Frampton,

Jr., Three Mile Island: A Report to the Commissioners and toO

the Public, eport 0600, Report of the Nuclear Regu-
latory commission Special Inquiry Group, Washington, D.C.,
undated) p. 359.
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monitors detected organic radioiodine. (Propesed Pro ject
#7a.) There is also a need to determine the efficiency of
environmental monitors for organic radioiodine. (Proposed
Project #7b.) To help in interpreting the quar.tities of
radiciodine found after the accident in cows' and goats'
milk, as well as in the carcasses of meadow voles and rab-
bits, it would be helpful to determine the metabolic path-
ways that organic iodine follows in such animals, (Préposed
Project #7¢.) Finally, a review of the behavior of organic
radioiodine in humans is in order, especially in connection
with calculating radiation doses following inhalation or
ingestion. (Proposed Project #74.)

8. Uncertainties in Environmental Monitoring of Airborne

Radioiodine. Airborne measurements of radioiodine made with

portable equipment are so spotty and wide in their range that
they provide little guidance. Also, there is some question
as to their accuracy in light of the large noble gas back-
ground. In any case, the usefulness of these measurements is
limited because the bulk of them do not occur during the
first 42 hours when in-plant monitoring was weak. Of some-
what more use are the 8 fixed radiciodine monitoring stations
that were in place at the time of the accident. Yet not all
analysts who made dispersion calculation for radioiodine at
THI attempted to test their models against these particular

data. Proposed Project #8a involves asking these analysts to




The ratio of radioiodine to noble gases measured in a
plume passing Albany, New York is consirtent with a release
of inorganic radioicdine comparable to or smaller than the
official radioiodine release estimate. However, TMI to
Albany is only one direction in which radioiodine might have
blown during the first 42 hours. Because Albany is hundreds
of miles from the site, the Albany measurement cannct be ex-
pected to represent a complete sampling of the release. In
particular, there is no reason to expect, without further
study, that every burst of radioiodine would have been

detected--including hypothetical bursts that might explain

other data. Long-range meteorological modelling could shed
light on this question. (Proposed Project #8b.) Also
important will be a determination of the response of the

Albany detectors to organic iodine. (This task is covered

under Proposed Project #7b discussed earlier.)

9. Difficulties in Interpreting the Lack of Reported

Radioiodine in Humans. As mentioned in Section 3.2, attempts

to detect radioiodine in humans were made after the accident
Some 760 people living within three miles of TMI were counted
for 10 minutes in a whole-body counter beginning on April 10,°
1979. The results indicated less than 2 nanocuries of Io-
dine-131 in all cases. Although it is not clear that the
correct calibration factor was used for radioiodine located

in the thyroid, any error is probably not significant. (The

official reports which criticize this study on those grounds




are excerpted in Appendix C.) If these calibrations are
nevertheless acceptable, the measurements provide strong
evidence that any large release would have had to occur while
the wind was blowing away from locations in which the 760
people in the sample lived, worked or went to school.
Releases up or down river may have missed people living
within 3 miles. It would be useful, however, to go into the
individual case files to confirm the geographical distribu-
tion of the 760 people. (Proposed Project #9a.) As part
of any full dosimetry study, it would be worthwhile to try to
do more with the data obtained from whole body counting than
was done originally, in the hope that greater sensitivity
could be obtained. (Proposed Project #9b.) For instance,
the original "energy spectra" could be added together for
many individuals thereby improving the "signal to noise"”
ratio. (The detection limit would increase by the square
root of the number of spectra summed.) In this way there
would be a better chance of finding the presence of radio-
iodine in the data. 1If all 760 spectra were added, the re-

sulting improvement in sensitivity should be sufficient to

detect a release smaller than 15 curies.

10. Uncertainties in Interpreting Milk/Radioiodine LCata.

The average amount of radioiodine found in a large sample of
cows' milk is far too high to be consistent with the official
release estimate, unless farmers blatantly disregarded in-

structions to keep cattle on stored feed.
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alternate pathways to cows' milk implies 2 much higher
release of radioiodine.

This contradiction was not recognized during the offi-
cial inquiries into the TMI accident because the analysts who
§onparod radioiodine in milk with modeling calculations found
nothing particularly alarming. However, the key assumption
was made that 10% of the diet of TMI cows was obtained from
grazing. (Even with this assumption, the milk concentrations
predicted by a group from Oak Ridge National laboratory based
on & 15 curie release® were low by a factor of four.) Yet
the accident did not occur during the grazing season, and
farmers were specifically instructed to keep their co.  on
stored feed as a result of the accident. So the question
vecomes, “I1f cows were on stored feed and dnly 15 curies of
radioiodine were released, how did that level of radioiodine
get into cows’ milk?" One possibiiity is that the radio-
iodine entered cows by jnhalation rather than ingestion. In
Appendix D of this report, this hypothesis is investigated.
It appears that the 1nhalatioh que would contribute
approximately two hundred times less radioiodine to milk than
a 10% diet of contaminated grass. Thus, if inhalation were

the sole pathway to milk, and taking intc account the

#C.D. Berger, B.H. Lane, S.J. Cotter, C. W. Miller, S.R.
Glandon, 'Populatioq Dose Estimation from a Hypothetiial
Release of 2.4 x 10 Curies of Noble Gases and 1 X 10" Curies
of 131-1 at the Three Mile Island Nuclear Station, Unit 2"
(Report ORNL/TH-7980, Oak Ridge National Laboratory, Oak
Ridge, TN, September 1681).
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factor of four discrepancy between the Oak Ridge mediz:]

Predictions ang actual measurements, it could be argued that

The high estimates implicit in cows' milk “amples appear
to contradict the grass measurements made at TMI, which can
be interpreted as supporting a low 15 curie release 283 shown
in Appendix c. The interpetation is based on noting that the
Peak quantities of radiociodine deposited on grass are con-
sistent with the official estimate ¢f 15 curies. The
reported concentrations have the correct Proportion to peak
quantities measured after the release of some 20.000 curies
of vadioiodine in the Windscale accident in England in 1957.

However, it should be noted that some of the €rass measure-

It should alsoe be noted that a Second se’ of milk mea-
surements are consistent with the official rele~se estimate.
Part of the discrepancy with the first set of milk measure-
ments may be due to the fact that various measurements tended
to sample different €eographical regions. Grass and milk
measurements were not taken uniformly in all angular sectors.
Comparison of grass sampling locations with the varicus sets of

milk data is in order. (Proposed Project #10a,)

M. ..
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Another possible explanation of the grass/milk
discrepancy may lie with the chemical form of the radio-
jodine. Perhaps the hypovhetical, excremely high curie
release was in the form of organic methyliodide. (See above,
Proposed Projects #7a - 7d.)

Methylicdide does not stick to surfaces very easily, so
a large release would not show up in grass or soil samples.
And essentially no monitoring of airborne methyliodide took
place. Cows would indeed inhale methyliodide, which in turn
would be trapped in their bodies. However, to enter cows'
milk, the methyliodide in the cows would have to be “hydro-
lized.” That process does not happen in humans very quickly,
but no one has measured the rate at wi ich methyliodide might
enter cows' milk. (Measuremen:t of this rate is propcsed as
part of Project #7b.)

It should be noted that a large methylliodide release
would not imply a large thyroid dose in humans, but the
contribution of inhaled methyliodide to the whole body dose
would be larcﬁr per curie inhaled than for inorganic radio-
ijodine. (Estimating methyliodide's contribution to the whole
body dose per curie inhaled is part of Proposed Project #7d .
mentioned earlier.)

I1f the large hypothesized radiociodine release were
inorganic rather than organic, thore exist other pathways
besides inhalation that must be considered as alternatives to

the 10% grazing assumption:



exercise, they may
have ingested )8] ‘ i ivity, even though they
were not allowed to en ) ures, by licking or chew-

ing the ground--a practice common to cows.

2) If cows were fed baled hay stored oors, they may

have ingested radioiodine that was fi tered from the air
by the hay itself.
’

As discussed in Appendix C

pathways would reduce

derived from the

in hi
in nls

section will be Irterviews with

farmers from whose drawn should

1 e ©: 3 T y
rove useiul interviews

Proposed

11. Uncertaintj

trations

voles should be
official release ¢stimate for
which vole da
vele ingestion
in parallel with
Section 3.4). However, the calculation
because there is at present no way of
uptake of radioiodine for the

followed.
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which include an assumption about the fraction of contamina-
ted material in the voles's diet and the assumption that
voles resemble humans in their processing of radiociodine-- it
would be preferable to »calibrate” the meadow vole (and all
other animals that may be useful in future monitoring such as
rabbits and squirrels). calibrating, or in other words
measuring the uptake of radioiodine in these animals when
exposed to known levels of radioiodine deposition, is
Proposed Project #11a.

One measurement of radioiodine in rabbit thyroids has
been reported® but not analyzed. The reported concentration
appears high and should be compared with model predictions.
(Proposed Project #11v.)

12. Complexity of Environmental Data. Because there

remain so many inconsistencies in the environmental radio-
jodine data and because the data were SO geographically
spotty, it would ve extremely useful in evaluating competing
theories to have a universal map of the area that would
indicate the location of all radioiodine measurements taken
at TMI, and their results. Preparation of such a map is
Proposed Project #12.

13. Inadegquate Data on Radiocesium Distribution. As

discussed in Section 3.3 above, peculiarities in the Depart-

ment of Energy's measurements of deposited radiocesium (i.e.

eSee Appendix C, Section 3.5.




identical values) prevent their use in analysis, and
consequently make impossible any estimate of the geographical
deposition of radiocesium and its resulting dose. Dis-
cussions with the original investigators may help to resolve
this discrepancy. In any case, radiocesium's long life
allows fresh samples to be taken for analysis even now.
Carrying out such measurements is Proposed Project #13.

In order tc make a rough assessment of the importance of
such an experimental project, it is suggested that a pre-
liminary upper-limit calculation be carried out in prepara-
tion for the dosimetry workshop. As mentioned in Section 3.2
above, about 100 nanocuries per square meter of radiocesium
were measured in the vicinity of the reactor. Rather than
assuming that all of this radiocesium originated from past
weapons tests, it is possible to use the 100 nanocuries per

square meter figure to set a limit on the reactor's

contribution. Assuming, say, that 25% of the measured

contamination (25 nanocuries) could have originated from the
accident without being noticeably higher than the background
level from weapons fallout, it would de possible to calculate
a resulting population dose (both accumulated to date and -

projected 25 years into the future).*

*Taking into account the shielding effects of building walls
and of the leaching of the cesium into the ground, a whole-
body dose of 10 rem would accumulate over 30 years from an
initial ground concentration of Cs-137 equal to 30,000
(con't on next page)




-58=

14, Lack of Explanation for Taste Sensations Reported at

the Time of TMI Accident. Sensations experienced by people

in the vicinity of TMI at the time of the accident (for
example, a metallic taste in the mouth) suggest that certain

chemical agents may have accompanied the release of noble

gases. Since any gas not soluble in water would have been
released, a study of the possible chemical gases that would
be produced in a TMI-like event may be very important. Such
chemicals might have the potential to cause he:lth offoctl.
(Proposed Project #14.)

15. Lack of Availability of Private Data. Tonsiderable

-

data from the time of the TMI accident may remaii. irn private
hands. Some of these data haQe already been mentioned in
Proposed Project #3b as part of the effort to close the TLD
windows. In addition to the specific data discussed in that
section, a concerted effort should be made to get all such

privately held data into the public record.- (Proposed
Project #15a.) .

(con't from preceding page)

nanocuries per square meter. See J., Beyea and F. von Hippel,
*Nuclear Reactor Accidents: The Value of Improved
Containments" (Report PU/CEES 94, Center for Energy and
Envaronmental Studies, Princeton University, Princeton, N.J.
08544, January 20,1980), p.I1I-8.

This means that a 1 rem dose to an individual would
result from an initial concentration of 3,000 nanocuries/m2.
Therefore 25 nanocuries (i.e.25% of 100 nanocuries) would
cause an accumulated dose to the individual of 0.0083 rem.
Multiplying this individual dose by the number of people
1iving within 10 miles of the plant (137,000) implies a
collective dose of 1100 person-rem. The contribution for
people exposed beyond 10 miles is more difficult to estimare,

but it should bte attempted in an approximate way for the .
dosimetry workshop.




Such newly gathered data, and other raw data already
extant but unanalyzed, should be pressed into service.
Developing ezppropriate analyses of this data is Proposed
Project #15b,

16. Future Doses from TMI Cleanup. The long process of

cleanup at TMI may itself jroduce releases of radioaétive
material and associated hea th effects. These possibilities
are explored in Appendix F of this report, which has been
prepared under subcontract. The breadth of public coacern
expressed about the cleanup at the March 19, 1983 T™™MI sym-
posium suggests that the Public Health Pund will want to give
cleanup dose assessment a relatively high priority. Since

the NRC has increased by a factor of six its own estimates of

pro jected occupational doses it is probable that public
concern about re-estimates of the population dose will remain
high. Monitoring cleanup activities at the reactor site
seems a modest first step for further dosimetry work related

to the cleanup. (Proposed Pro ject #16.)




TABLE 5 1 LIST OF PROFOSED PROJECTS

PROPOSED PROJECT & DESCRIPTION

ASSOCIATED DOSE ESTIMATE

PROJECT SCOPE & METHOD

1a

Recalculation of Estimate of
Released Noble Gases.

Reconciliation of Source Term
Noble Gas Release Estimates.

whole body population dose
from noble gas release.

pPrcliminary calculations to be
made prior to dosimetry work -
shop, using method outlined in
Appendix B {contrclled venting
of Krypton-85, Junc-July, 1980).

May be resolvable at dosimetry
wcrkshop, or further analysis
may be warirented

Recalibration of Thermolumine~-
scont Dosimeters (TLDS) as a
function of time, isotope mix
& atmospheric distribution of
radiation.

wWhole body population dose
from noble gas environmen-
tal measures.

May be resolvable in laboratory
experis nts with meteorological
consultation.

Analysis of TLD perimeter cov=
erage, based on angular effi-
ciency of TLDs, their dey loy~
ment at TMI, hourly wind vec-
tors, timing & height of re-
leases.

Collection of new data for
*windows® in YLD coverage.

Collection of available data
for "windows® in TLD cover-

age.

'~~\. .'o'\*“d-- SR PRt e e O CATRAL S T

whole body population dose
frum noble gas environmen-
ta! mecasures . source tera
release; use for frture
monitoring.

Preliminary analysis to be made
prior to dosimetry workahop,
based on TLD efficiency ratings,
TLD deployment & TMI meteorolog-
ical records. Additional anal~-
ysis if needed.

Public information outreach &
search, followed by anaiysis of
new data.

Collection of hospital film badges,
photographic film & other known
radiation-sensitive material from
defined geographical *window"”
areas.
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(Table 5

. * Preliminary calculation upper lim-
its to be produced for dosimetry
workshop.

Calculation of upper-dose lim-
its assuming “worst case”
(100% release into TLD window
during wind vector in that
sector).,

Archevlogical dating techni- * Sensitivity to be explored & dis-

ques applied to brick within
TLD windows,

Statistical reanalysis of avail-

cussed at workshop for possilble
implementation.

¢ Statistical *Bayesian® analysis

based on available data,

able TLD data by varying
scenarios of time release,

* Theorctical calculation bascd on
I-129 inventory & instrument
scnsitivity,

Thyroid population dose from
radioiodine source term
release,

Feasibility of accounting for
missing radioiodine by track-
ing & measuring long-lived
resicual Iodine~129.

* Long term project to continue

Monitoring of lIodine-129% mea-
throughout cleanup.

surement during cleanup.

* Engineering project, partially

Investigation of possible li~
dependent on lda,

quid pathways for radioiodine,

* Preliminary analysis of additiona)
nathways, bypasses & containment
isvlation to be presented to dosi-
metry workshop; additional analy-
s1s if needed,

Analysis of efforts to substi-
tute alternative airborne ra-
dioiodine hypotheses
for data missing from vent
stack monitor.

* May be resolvable in laboratory ex-
periments duplicating (as far as
possible) actual Till conditions.

Investigation of calibration
& efficiency of vent stack (&
fllter radioiodine monitoring).

thyroid population * Method proposed in Appendix E,

radioiodine source based on German computer modeling,
for secondary side release esti-
mate, to' be discussed at dosimetry
workshop. Collection of TMI data
& analysis wo follow,

Additional
dose from
releasc,

Possible radiciodine emissions
from the secondary side of
the reactor.




Ta Investigation of the chemical
forms of releascd radiciodine:
ceatermination of in-plant mon-
js=r efficiency in detection
of lorganic) methyliodide.

b Determination of environmental
monitor efficiency for methyl~
iodide.

¢ Determination of metabolic path-

{Table S con't)

Thyroid & whole body dose
from radioiodine source
release & environmental
monitors.,

ways for methyliodide in animals

exposcd to releases, & possible
drolysis into goats' & cows '
milk.

d Determination of behavior of in-
gested or inhaled methyliodide
in human beings.

wide discrepancies in estimates of

roportions of organic & inorgan-
ic radioiodine releases to be dis~
cusscd at dosimetry workshop.
sonitor efficiency may be resolva-
ble in laboratory experiments
duplicating (as tar as possible)
actual THI conditioms.

Hay be resolvable in laboratory
experimants withr meteorological
consultation.

be resolvable in animal
physiological cxperimants.

Physiological consultation.

8a Analysis & comparison of air-
porne radioiodine release esti-
mates with fixed radioiodine
environmental monit.rs.

b Long-range meteorological mod-
eling to .ulxu radioiodine/
noble gas ratio in Albany, NY
plume.

Reconciliation of population

dose estimates from source
release & environmental
measuren.

Check on maximum thyroid
dose estimate.

Analysis performarle withh existise
data.

Meteorclogical consultation to
determine feasibility.

9a Geographical distribution of
humans tested for radiolodine
in post-accident counter.

b Statistical ruanalysis of avail-
able human radiation data
by combination of individual
energy spectra. :

Thyroid population dove
from environmental mea-
sures,

Case record search & mapping
project.

statistical analysis based on data
that may have been saved.
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10a

Investigation of inconsisten-
cies in interpetation of
radioiodine in cows' milk &
grass samples,

Interviews with farmers from
whose cows milk samples
were drawn,

(Table 5 con't)

Reconciliation of roid
population dose ecstimates
from environmental mea-
sSures & source release.

Creation of map for milk samples &
grass samples. Discussion of
ingestion & inhalation pathways
at dosimetry workshop. (See also
Proposed Projects 7a-~7d)

Survey questionnaire designed with
animal husbandry consultation &
inspection of samplc sites.

1la

Calibration of radioiodine
uptake for small animals
for known levels of radio-
iodine.

Analysis of collected data
on rabbit thyroid,

Thyroid population dose
from cnvironmental mea-
sures; future use in
environmenta) monitoring.

Resolvable in animal rhysiological
laboratory cxperiments,

Analysis performable with existing
data,

12

Unification & coordination
of all environwental mea-
sures of radioiodine,

Thyreoid population dose
from environmental mea-
sures,

Creation of large-scale maps of
TAL ervironment & plotting of all
environmental data.

13

Investigation into distri-
bution & dose from radio-
cesiun,

Whole body population dose
from long-lived radiocesium,

Preliminary analysis of data to be
made for dosimetry workshop.
Possible resampling of arec.

14

Investigation into non-
radioactive toxic chemical
releases.

Non-radioactive health ef-
fects,

Consultation with chemical &
toxicological consultants.

15a

Outrcach effort for addition-
al unpublished data.

Developing analysis plans
for all such data,

.

Additional data for all dose
estimates.

Public information outreach «
search. (See also 13b)

Designing & carrying out analyses
of relevant data.

16

Monitogring cleanup activities
at TMI

Additions to all estimated
population doses/worker doses.

Long-term Project to continue
throughout cleanup.

.~€ 9-
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8.1 Data Bases Containing Entries for the TMI-2 Accident

DATA BASE NAME

AGRICOLA
AQUALINE

AQUATIC SCIENCE

ASI

BHRA

BIOSIS PREVIEWS

BOOKS IN PRINT (BBIP)

CA SEARCH (CHEM)

CIs

COMPENDEX (COMP)
CONFERENCE PAPERS
DISSERTATION INDEX (DISS)
EI ENGINEERING MEETINGS
ECONOMIC ABSTRACTS
ENERGY (DOED)

ENERGY LINE (EICI)
ENVIROLINE (EIVI)
ENVIRONMENTAL BIBLIOGRAPHY
EPB

ERIC

FED REG

FFSTA

FOODS ADLIB

GEOARCHIVE

GEOREF

GPO MONTHLY CATALOG
HEALTH PLANNING (HLTH)
INSPEC (INSP)

IRL LIFE SCI

LC MARC

LECAL RESOURCE INDEX
MANAGEMENT CONTENTS (MGMT)
MEDLINE (MESH)

METADEX

NATIONAL NEWSPAPER INDEX
NIMH (NCMH)

NTIS

OCEANIC ABS

PAIS DATABASE

PATSEARCH (PATS)
POLLUTION ABS (POLL)
PSYCH ABS (PSYC)

RAPRA

SCI SEARCH

SOCIAL SCISEARCH (SSCI)
SSIE (SMIE)

US POL SCI

SUBJECT COVERAGE

AGRICULTURE

WATER RESEARCH
AQUATIC SCIENCE

US FEDERAL STATISTICS
FLUID ENGINEERING
LIFE SCIENCE -
CURRENT BOOKS
CHEMISTRY

US CONGRESS
ENGINEERING
SCIENCE

UNIVERSITY RESEARCH
ENGINEERING
ECONOMICS

DOE DATABASE

ENERGY

ENVIRONMENT
ENVIRONMENT
ENVIRONMENT
EDUCATION

US FEDERAL REGISTER
FOOD SCIENCE

FOOD TECHNOLOGY
GEOSCIENCE
GEOSCIENCE
GOVERNMENT PUBLICATIONS
HEALTH CARE
PHYSICS, ELECTRONICS
LIFE SCIENCES .
LIBRARY OF CONGRESS
LAW JOURNALS
BUSINESS

MEDICINE

METALS

MAJOR NEWSPAPERS
MENTAL HEALTH

GOV'T SPONSORED RESEARCH
MARINE SUBJECTS
SOCIAL SCIENCE
PATENTS

ENVIRONMENT
PSYCHOLOGY

RUBBER AND PLASTICS
SCIENCE CITATIONS
SOC SCI CITATIONS
CURRENT RESEARCH
POLITICAL SCIENCE
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Review of Estimates of the Whole Body Collective Dose
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Al.O Introduction

Serious limitations are associated with every study that

to estimate the whole-body Population dose of radio~
activity at Three Mile Island.

standable:

attempts

These limitations are under-

because of the inadeguacy of monitoring

eguipment
in place at the

time of the accident, all investigating groups

found it hnecessary to make one or more key unconfirmable assump-

tions. 1In other words, they did the best they could in

spite of
the gaps in the available data.

This appendix, however, reviews

each study and focuses ¢n the limitations

that prevent any of
them from being conclusive.

All investigators to date have

limited themselves to doses
within 50 miles.

Such a limit does

not appear to be a major
oversight in this case,

but its results should be corrected

at some later date. A roury estimate made for another study.

indicates that the Population dose beyond 50 miles might double

the total.'. In the remainder of this apoendix,

discussion will

*Jan Beyea, "Some Long-Term Consequences of Hypothetical Major
Releases of Radioactivity to the Atmosphere from Three Mile
Island," (Report PU/CEES #109, Ce

nter for fnergy and Environ-
mental Studies, Princeton University, Princeton, New Jersey:
g December 1980),p
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**For a 1.4% release of noble
referenced above

ranging from 300

gases, Beyea's calculations
O0-mile population dose

to 1200 person-rem de

wind direction assumed.

i
4
i the 275 to 1500 person~re
“

indicated a post-5

pPending upon the
This range can be compared with

M range within 50 miles (continued)
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be restricted to doses within 50 miles.

The population dose estimates given in this appendix do
not take into account building shielding--a factor which might
reduce them all by about 25\.. In addition, the impact of self-
evacuation has not been included, although this effect has been
estimated to have been negligible (due to the delayed start
of the ovacuation)..' ‘

For the purposes of this review, it has been assumed that
the neglect of the post-50 mile population dose cancels out the

neglect of building shielding and self-evacuation.

A2.0 Methods of Analysis

Two general methods have been used to estimate whole~body
population coses resulting from the TMI accident. As we shall
see, the two methods do not give consistent results.

Both methods begin by superimposing a grid upon a population

map of the area. Estimates of doses tO individuals are then made

(continued from previous page)

calculated in Table A=2 of this review, assuming a release similar
in magnitude.

Wwithin the limitations of this rough comparison, it appears
that the population dose beyond 50 miles is comparable in magnitude
to the population dose within 50 miles. ]
*For example, see Kemeny commission, "Report of the Task Group on

Health ?hysics and Dosimetry.” (October 31, 1979), Appendix C
and Report NSAC-26, P. p-2 (see footnote below for full citation)
Independent calculations made for this literature review also
support this result.

#*p K. Knight, J.T. Robinson, F.J. Slagle, P.M. Garrett, (Technolody
Energy Corporation), “"A Review of Population Radiation Exposure
at TMI-2" (Report NSAC-26, Nuclear Safety Analysis Center, Electric
power Research Institute, palo Alto, August 1981) Pp. vi, §-3,4.
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at each of the more than one hundred grid locations and multiplied

by the population Surrounding the grid point in order to determine

a "local" population dose at each grid point. Finally, the local
population doses are summed to give the total population dose.
Although the two methods to be discussed are similar in their
overall approach, they differ in the way dose estimates are macde
at each grid point.

The first method begins with estimates {in curies) of
radiocactivity released from the source at defined times, puts
each estimate through a meteorological 4 spersion model with values

for wind, temperature, etec. corresponding to the defined

and projects doses (in rems) Lo various grid points

Al-a). The second methnd begins with environmentally

and measured dose data and interpolates between or extrapolates
from those monitor locations ) e ¢ ¢ Oints (see Figure Al-b).

It should be noted ti > ¢ between the two
approaches becomes somewhat

carried out by means of a n oroloc mo

4

‘Polation” procedure is equivalent to working backwards from
the environmental dose measurements to infer a release magnitude,
The inferred release magnitude is then used with the meteorological
model to project doses at all other locations as in the first

L -
Al=C

. methods are discussed sections 3.0 and

are exemj
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Figures Al-a-¢

interpolationextrepolation (meteorologics’)
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TABLE A-1

List of Investigators Who

Have Made Whole-Body Population Dose Estimates

for the Accident at TMI

Eirst Method®’

Kemeny Commission Task Group (Auxier et al.)
Cak Ridge National Laboratory (Miller et al.)
Technology for Energy Corporation (RKaight et al.

Second nethodb)

Department of Energy (Andrew Hull)
Ad Hoc Dose Assessment Croup (Battist et al,:)
Kemeny Commission Task Group (Auxier et al.)

Pickard, Lowe, Garrick, Inc. (Keith Weodard)

S. Takeshi

C. Kepford

a) In this method the amount of curies released at each time
interval is estimated from in-plant information. This so~
called "source term" is then used as input to a meteorolog-
ical model to project doses at all locations.

b) In this method doses at all locations are extrapolated
from, or interpolated between, actual dose measurements
obtained in the field. All of the analysts listed, except
for the Department of Energy, made use of thermoluminescent
dosimeter (TLD) readings. The Department of Energy relied
on helicopter Geiger counter readings.




~A6~-

53.0 Estimates Derived from In-Plant Release Data* the Source

Term Method

A3.1 Kemeny Commission Task Group (Auxier et al.)

The "source term method" begins with an estimate, based
on in-plant data,of the amount of released radiocactivity (the
source term), which is assumed to have exited by way of the main
reactor release point, the vent stack. Because the TMI vent stack
monitor went off scale during most of the release, it was necessary
to estimate the guantity of released radioactivity by indirect
means. The method used by the staff of the President's Commission
on Three Mile Island (Kemeny Commission Task Group, Auxier et al.)
involved an analysis of those radiation monitors in the auxiliary
building that did not go off scale. |

Although the connection between these monitors and the
radiocactivity leaving the reactor complex is not immediately
obvious, it is not unreasonable to expect some correlation. 1In
the first place, a great deal of radiocactivity passed out of the
reactor through this building in one way or another. For iﬂstance.
water pumped from the reactor floor to a tank in the auxiliary

building overflowed, releasing noble gases into the auxiliary

building air. This radiocactivity in turn either escaped from leaks .

in the building or was carried by the ventilation system to the
vent stack. In addition, considerable radiocactivity made its
way out of the reactor complex through ducts that pass through the

auxiliary building before connecting to the vent stack. Since gamma

SR e S PR T
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radiation from the noble gases can pass through the duct walls,

radiation monitors in the auxiliary building would have detected

some fraction of this radiocactivity ou its way to the vent stack.
Because the monitors in the auxiliary building were not exposed

to the full scale release of radiocactivity, their stripchart recorders

did not go off scale, and therefore they supply some information

for the entire duration of the release. Although there is no

unambiguous way to establish the correlation between the stripchart

data and the actual release history, the Kemeny Cohmislion analysts

made two assumptions in order to make sense out of the information

available to them. First, it was assumed that the readings on

the contiruously moving stripcharts were proportional to the

total amount of radiocactivity being released at any moment in time.

This assumption of a constant proportionality is highly questionable.

The monitors were measuring gamma radiation from many sources, e.qg.,

from radicactive isotopes in the air within the auxiliary

building as wzll as from the radiocactive isotopes inside exhaust

and ventilation ducts. Although radiation from radiocactive

isotopes on their way to the vent stack would have contributed

to the total readings on these monitors, the relative contri=-

bution from each of the various sources may have changed with

time. For instance, Suppose that during the first half of the

release, radiocactivity left the reactor by way of a duct that

passed close to the radiation monitors, while during the second

half of the release, radicactivity left by way of a duct that

Passed far from the monitors. In lu:L a hypothetical case,

the signal recorded by the monitors would not have had the
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same relationship to the true release during both time peariods.
Examples of pathways far from the stripchart monitors are
1) a possible path "backwards" through the air inlet
tunnel during the period in which the ventilation

system was turned off" (see Figure A-2),

*Mathematically, the point can be made as follows: the total
release, S(t), is equal to the sum of releases from dif:cr.nt
pathways. Thus, S(t)= §j ‘t). The effective {iqnal s+ (t),
received by a radiation mohitor, is given by Sl(t)=$Bjy Si (t),
where the factors Bj take into account a) the effective distance
between each nathway and the monitor, and b) the relative absorp~
tion that takes place in any intervening matter. v

For proportionality to exist petween S(t) and Sl(t) at all
times, each release through each pathway must have the same relative
time dependence. Even this condition is not sufficient because
the Bj factors themselves were not all constant in time. Absorption
effects would have changed in time because the mix of gamma
ray energies changed. High energy gammas were plentiful at
the beginning cf the noble gas release, but greatly reduced

. compared to the (low energy) gammas from Xenon 133 by the end of
the release.

**The ventilation system for Unit 2 was turned off at 11:04 on 3/28

according to the NRC's chronology of events. U.S. Nuclear Regulatory
Commission, : on _into the M h 26 373
he Qffice of Inspect! er

(Report NUREG-0600, Washington, D.C., . The time at which
the ventilation system was restarted is not clear. The following
qua%%t;t%ro remarks are given in the text of NUREG-0600.,
P. -3-21:
"Shift Foreman B stated that the Unit 2 ventilation
system supply fans tripped and remained off because of
high radiation levels, but the exhaust fans operated
continuously except for a few brief periods when the
ventilation systems were turned off in an attempt to reduce
the release rates. Securing the fuel-handling building
and auxiliary building ventilation systems early on March
28 and again on March 29 caused exposure rates to increase
significantly in the Unit 2 auxiliary building, thus
hampering emergency activities. Perhaps more important
was the fact that control room airborne radiocactivity
levels started increasing when the ventilation systems
were shutdown...Because of the need to ensure habitability
of the control room and to keep dose rates as low as
possible in the auxiliary building to facilitate emergency
activities, the ventilation systams were subsequently kept
‘ in operation."”
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2) a pathway through the relief valve vent hcadcr' (see
Figure A-3),

3) a possible pathway through the atmospheric relief valves
in the secondary side (discussed in section C2.2 of
Appendix C. See Figure C-1).

It is important to recognize that large amounts of radiocactivity
could have escaped through these paths without being detected

by the stripchart monitors. One has to conclude that a constant
proportion between readings of the auxiliary building stripchart
monitors and total released radiocactivity is unlikely.

In addition t. .he first assumption about proportionality

made by the Kemeny Commission Task Group, it was necessary to

make a second assumption in order to convert the actual strip~-
chart readings to curies released. The task group had to determine
the proportionality constant, or scale factor. For this purpose,
investigators compared the stripchart readings with the vent

stack monitor at a rime when it finally had come back on scale.
They assumed this ratio applied at earlier times.

This is rather a strong assumption to make, since it }c-
quires assuming first, that all radiocactivity exited through the
vent stack; and second, that it exited by the same mixture of
internal paths that was dominant when the vent stack monitor

reading was finally taken. Furthermore, the composition of the

*The mechanical drawings for the auxiliary building indicate that
the relief valve header enters the vent stacv far from
the stripchart monitors.
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release would itself have changed over time. The vent stack read-
ings taken at the end of the release would have all been due to low
energy gamma rays from Xenon-133, whereas "harder"” gamma rays

would have been present early in the release. Thus, the

attenuation of gamma rays through ducts, pipes and other materials
should have been different at different times.

The one piece of evidence supporting the Kemeny Commission
calibration comes from comparison with & "grab sample" of air
taken around noon on March 31, 1979 from the stack itself. The
amount of radiocactivity measured in that sample was reported to
agree with the calibrated stripchart reading within 10\..

‘ However, because no additional information about this potentially
important measurement is available, it is not possible to make
an irdependent assessment of its reliability. Furthermore,
as will be discussed below in Section AJ.J, & 198]1 reanalysis
of grab sample data indicates that such measurements fluctuated
in relationship to the stripcharts by a factor of one hundrec
at different ctnol." Thus, even if the measurement used by the
Kemeny Commission staff is accepted exactly as interpreted by
them, the measurement only serves to establish that the pathway
followed by the radiation escaping at that one time (about

noon on March 31) was the same as at the end of the release.

*xemeny Commission, (Auxier et al.) "Report of the Task Grou
on Nealth Physics and Dosimetry, * (October 31, 1979), pp. 139-140.

**p.K. Knight, J.T. Robinson, F.J. Slagle, P.M. Garrett, (Technology
. Energy Corporation), "A Review of Population Radiation Exposure at
TMI =2" (Report NSAC-26, Nuclear Safety Analysis Center, E ectric -
Power Research Institute, Palo Alto, August 1981), pp. 111-14,15.




£

)

Grab sample measurements can not confirm the calibration for

times when samples were not taken,

In any case, given the Kemeny Commission assumptions, their
method of analysis produced an estimate that 2.4 million curies
of noble gases were released, with the level of release varying in
time, as indicated in Figure A-4. When this release estimate or
"source term" was used as input to various dose-projecting meteor~
ological models made available by subcontractors to the Commission,

the first three population dose estimates shown in Table A-2 resulted.
(The three values differ because different models, or different model

parameters, were usea./

*It appears that some of the model calculations did not properly
account for the turbulent wake of the reactor building and cool~
ing towers. Other inconsistencies are discussed in the footnotes
to the Table.
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Figure A-4

Relative Time Dependence of Relcase Assuncd B\

Various Analysts Based on stripchart Monitors in the Auxiliar:s Bualdans

-'V""'l“'r'""“‘|”"”””1"".nvvvvv‘v'1v111yvvv'vvvvvv"vvvlyv TITITTTIT T I T TYY i
1 O | mmmmmm—

oy T

-

-

-

b= -

S ErTEL

= :
z > 3
~ of
o \
a 3
- '
s : :
5 L1 {
z 1.C .-—J' ! oy =
§ L \
i- e
1 ™
- p-g
a _
- . :
x e 4 ] e - A
o . ' S
'é ' : (.4
* ) k2
N '
]
' 1]
-8 :
)
A L
© .
‘
0.1 L LAJAALLLLALAA_A!_“AlAAAAAAL'AAA‘I‘ALAAA]A"AAAAAAALL,A_AAALAALA‘ Lot bl
4 12 24 12 Ja 12 24
e 3728 —— \ 3729 =’/ \ 3/30 J \
DATE

(Circles = Kemeny Comm.ssion Task croup')

(Solid Line = Woodard ard pattes )

*This data has been read off anotner grapn ana superimpused
upon the chart provided¢ in the Daper by Woodard and Potter.

s*See below, Section 3.3.




—

~Al5-

Table A-2
Fifty-Mile Whole-Body Population Doses Projected

from an Estimated Noble Gas Releasc.)

Release Estimate

Meteorological (Millions o
xnv-stigntat isa.i Cutxeli Person-Rem

Kemeny Commission

Group
Subcontractor:
Lawrence Livermore ARAC Code 2.4 2762+¢
Laboratory
Oak Ridge AIRDOS-EPA - 390%
Laboratory Code 1
Oak Ridge TVA Code - 970®
Laboratory
Miller et al. AIRDOS-EPA Code II - 1500¢
(OCak Ridge)
Technology for XODOQ/GASPAR 7-17 3000 - 7000®
Energy Corp. Codes

(Knight et al.)

a) All analysts except for Technology for Energy for Corporation (TEC)
assumed the same time dependence for the release as supplied by
the Kemeny Commission. The results for all but the TEC data differ
because the assuued meteorological models diffar. The TEC results
differ because of the larger assumed release, Shielding from buildings
and self-evacuation has not been taken into account. Doing so might
reduce listed doses by 25%.

b) As reported in Kemeny Commission's "Report of the Task Group on
Health Physics and Dosimetry," October 31, 1979.

c) See also, Knox et al., Utilization of the Atmospheric Release Adviso
Capability (ARAC) Services

ccident. Report U
Livermore CA 1980.)

d) A report released by Oak Ridge subsequent to the Kemeny Commission
report indicated this higher population dose figure. It was obtained
using the same computer code. However, assumptions about the release
height were changed. 1In the second calculation, it was assumed that
a ground level release was a closer approximation to actual dispersion
conditions. See Charles W. Miller, Sherri J. Cotter, Robert E. Moore,
Craig A. Little, "Estimates of Dose to the Population within Fifty
Miles due to Noble Gas Releases from the Three Mile Island Incident,*
Presented at ANS/European Nuclear Society Thermal Reactor Safety
Conference, Knoxville, TN Volume 2, pp. 1336-1343. (April 7-11, 1981.)

e) Knight et al., (Report NSAC-26) p. I11-14. Doses were corrected in
their report for shielding (i.e., they were reported as 2200-5300,
not 3000-7000). But in order to make the results consistent with the
other entries in the table, the correction has been removed.
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Al.2 Oak Ridge National Laboratory (Miller et al.)

After the completion of the Kemeny Commission studies,
Miller et al. of the Oak Ridge National Laboratory, analysts
who had served either as staff or consultants to the Commission,
repeated the population-dose calculations independently. 1In this
second study, they retained the earlier assumption of a 2.4 million
curie release of noble gases. They also accepted as their meteor-
ological model the same AIRDOS-EPA computer code they had previously
used. The single substantial change in the input to the model
was the substitution of a ground-level release for the 50-meter
ralease height assumed in all previous calculations of dispersion.
As can be seen in Table A-2, the 50-mile person-rem estimate
obtained by a change in this one variable is 3.8 times higher
than that of the identical meteorological model, 1.5 times
higher than the TVA model also run by Oak Ridge, and a full 5.4
times higher than the estimate obtained by the Livermore Lab-

oratory model.

A3.3 Technology for Energy Corporation (Knight et al.)

At the request of the Nuclear Safety Analysis Center, xgight
et al.. of the Technology for Energy Corporation reviewed the TMI
population dose estimates. Their report, published in 1981, con-
tained some new analyses of the data that are of interest. 1In
particular, following essentially the same methodilogy as the Kemeny
Commission, but making use of 10 grab samples between 3/31 and 4/30

to calibrate the stripchart monitors they analyzed, they estimated

*P.K. Knight, J.T. Robinson, F.J. Slagle, P.M, Garrett, (Technology
Energy Corporation), "A Review of Population Radiation Exposure

at TMI-2" (Report NSAC-26, Nuclear Safety Analysis Center, Electric
Power Research Institute, Palo Alto, August 1981).

A L P L
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a release of 7 to 17 million curies, as opposed to the much lower
value obtained by the Kemeny Commission Task Force. Their popula~-
tion dose estimates were correspondingly higher: 3000 - 7000
person-rem (before correcting for building shielding).' The

fact that grab sample calibration factors showed a hundred-

fold variation lends strong support to the hypothesis stated
previously, that the stripchart monitors were not always simpling
the full release.

A3.4 Reservations About the Use of In-Plant Release Data and
the Possibility for Independent Release Estimates

In examining the methodology and the results obtained

by the calculations of the first or source term method, three

|
|
reservations must be noted:
’ A. The two assumptions that were used to derive the release
; estimates--the assumption that the ratio between vent stack re-
' leases and stripchart readings is constant over long periods,
i and the assumption that the ratio can be determined on the basis
‘ of delayed vent stack measurements or even ten grab samples--~do
! not appear to be tenable.
i B. Even when calculations begin by accepting one hypothesized
i reiease (2.4 million curies), the results obtained by varying

the meteorological model or its parameters are too disparate

(276-1500 person-rem) to place much confidence in any one of the

Li individual calcuiations.

for building shielding. (fee page III-14). We have cited their
uncorrected values to allow comparison with the values calculated
' by other groups.

’ *The values in their report (2270-5300) were quoted after correction
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C. In the case of the 2.4 million curie release estimate,
every calculation but one produces lower estimates of population
dose than any estimate derived from environmental dose measure-
ments (see Table A-4 below)..

Of these three reservations, A, B, and C , the most important
is A, concerning the tenability of assumptions that were used to
derive the release figures.

It is possible to relax the assumption that the overall
scale of the release can be reliably calibrated with the grab
samples or delayed vent stack measurements. 1he therm-luminescent
dosimeter (TLD) dose measurements can be used to determine the
overall scale factor--an approach taken by Wocdard and Potter..
in their work for General Public Utilities. They used the
relative time dependence shown on the stripcharts as input to a
meteorological model, increasing the scale of the release until
they found agreement with TLD readings close to the plant.

They obtained 10 million curies in this way, not 2.4 million
curies--a factor of four discrepancy from the Kemeny Commission
estimates, but within the TEC range of 7-17 million. (Had Woodard
and Potter included all of the TLD data regardless of distance, they

would have obtained a much higher estimate than 10 million curies.)

*To be precise, the very lowest Kemeny Commission repetition of the
Ad Hoc Committee's environmental estimate (1000 person-rem)--see

Table A-4--is lower than the very highest (Miller et al.) source
term estimate of 1500 person-rem.

**K. Woodard, T.E. Potter "Assessment of Noble Gas Releases from
the Three Mile Island Unit 2 Accident." Presented at the
American Nuclear Society Meeting, (San Francisco, CA, November 12,
1979) This study is not included among studies formally reviewed in
this appendix because it confined itself to an estimate of release
(rather than dosage). The Pickard, Lowe, Garrick Inc. study,
supervised by Woodard and using the Woodard and Potter method to
obtain population doses, is discussed in Section M.4 below.

T T

e

>N
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Clearly, if the approach taken by Woodard and Potter is
accepted, the low population doses (276-1500 person-rem) shown in
Table A-2 should be multiplied by at least a factor of four.

The factor of four discrepancy in total release obtained by
the different analysts does not appear to be explainable by the
choice of stripchart monitors used. (Although Woodard and
Potter did use an average of stripchart monitors rather than the
single monitor used by the Kemeny Commission Consultants, the
difference does not seem to be too great. See Figure A-4 above.)
The discrepancy, however, can be explained in other ways: either
the scale factor used in the Kemeny Commission method was incorrect
for the reasons already discussed, or the TLD readings used by
woodard and Potter were inaccurate because the TLDs were in-

correctly calibrated. (This possibility is discussed later.)

In view of this discrepancy and the criticisms made earlier
about the method, it would obviously be heipful to have an
independent way of estimating the total release, a method that
derends neither on stripchart monitors nor TLDs. Andrew Hull
of Brookhaven Laboratory made one such independent estimate
using helicopter data. He obtained 2.9 million curies..

However, as will be discussed in Section 4.1, there are many
problems with the helicopter method. Analysis of this data ¥
requires extrapolating backwards in time to overcome the fact

that the helicopter data is only useful after two days into the

accident. This is such a heroic assumption about the first two days'

*A.P. Hull, "A Critique of Source Term and Envirormental Measure-
ments at Three Mile Island" (Unpublished Report, Brookhaven
National Laboratory, Upton, New York, no date), Table II.
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release that Hull's method cannot be considered a reliable
check on other determinations.

In addition to their stripchart analysis, Technology for
Energy Corporation made a new type of estimate of the noble
gas release.‘ In this second method, the TEC group attempted
to track the total guantity of noble gases that would have been
carried to the auxiliary building in water released from the main
cooling loop. Since any gase; carried to the auxiliary building
would have escaped, this method can give an estimate of the total

release from the auxiliary building, provided one knows the gquantity

of noble gases in the water. An upper limit on this latter quan<

tity--the concentration of noble gases in liguid--can be obtained

. by first estimating the percentage cf noble gases that left the fuel P

and then assuming that all the released noble gases entered the

~

water.

To obtain an estimate of the amount of noble gases released
¢from the fuel, TEC relied on measurements of the amount of ane
particular noble gas found in the containment, namely, Krypton-85,
which had the advantage of being long-lived enough for reliable
measurements to be made. Because the fraction of short-lived noble

gases released from the fuel at the time of the accident was

PR A SRS i 8

proocably the same as the fraction of Krypton-85 released, infor-
mation about Krypton-85 could be used to estimate how much

Xenon-133 and other short-lived gases were released.

In this way, TEC estimated that no more than 29.6 million

:

. curies could have been released from the auxiliary buildinc.

*Knight et al., op ¢it, Chapter IV.
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TEC was also able to put a lower limit on the release (5.5
million curies). Thus, their analysis indicates a range of 5.5
million to 29.6 million curies,* (a range, incidentally, which
tends to contradict the low estimates obtained by the Kemeny
Commission Task Group and by Andrew Hull). Note that the TEC
met;od only provides information about releases from the aux-
iliary building. It does not account for any release from other
pathways such as an escape from the containment building itself
during a hypothetical failure of isclation.

In the course of this review it was found that, in principle,
data on Krypton-85 could be uség in a different way to provide
an estimate of the total noble gas release that would not require
any assumptions about release pathways. This method, described
and developed in Appendix B, is proposed as a project for further
research. It is based on information that did not become avail-
able until the venting of the residual Krypton-85 gas in June of
1980, many months after the principal reports on the TMI accident
had been completed.

Briefly, the method is based on the recognition that the
percentage of Krypton-85 released from the reactor can be deter-
mined by an accurate accounting process. The initial inventory
in the core must be accounted for in four ways: as residual gas
in the fuel rods; as gas that escaped in the original accident; as
gas that leaked out between the original accident and June 1980;
or as the gas that was released during the deliberate venting.

Because the amount of Krypton-85 released during the venting

was actually measured, the magnitude of the last component is known.

mght Qt alo' go gt_u' p- Iv-g.
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The fraction of radiocactivity estimated to have been retained in
the fuel can be taken from published estimates based on radio-
cesium accounting. (It is certain that more Krypton=-85 would have
left the fuel than cesium.) If all of the missing Krypton-85
is presumed to have been lost during the initial accident, it is
possible to obtain a figure for the fractional amount of Krypton-85
that escaped from the reactor at that time. Assuming that the
release‘percentage was similar for 2ll noble gases, knowledge of
the Krypton-85 release percentage gives the percentage for
Xenon-133.

It would be useful to perform the implied calculations in

time for the dosimetry workshop, as proposed in the main report.

A3.5 Summary of Noble Gas Release Estimates

A summary of the various noble gas release estimates that
have been made to date for the TMI accident is shown in Table A-3.
Included in the Table is a reassessment of the Woodard and Potter
method that averages as many of the TLD data points as possible
rather than averaging only the restricted set they chose.
Although the authors did not present a calculation of this type,
the appropriate scaling factor of 3% can be taken from another
paper, as discussed in Section A4.2.1.

It will be seen that *he range of estimates in Table A-3

is very wide, varying from 2.4 to 35 million curies.

Note that the largest release estimate given in the table,
hecause it is based on environmental monitors, could include con-

tributions from very short-lived radioisotopes that may have been
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Table A-3

Estimates of the Amount of Noble Gases Released During the TMI Accident

Estimate

(11illions of Curies)

2.4

10

7-17

5.5-30

(352)

Analyst

Kemeny Commission
Task Groupd)

woodard and PotterDb)
(Pickard Lowe and
Garrick, Inc.)

Andrew Hull®)

Technology for Energy
Corporationd)

Technology f?r Energy
Corporation®

Reassessment of
Woodard & Potter data
made for this reviewf)

Proposed Project

a) Kemeny Commission (Auxier et al.
Physics and Dosimetry "

b) K. Woodard, T.E. Potter "Assessment of Noble
Mile Island Unit 2 Accident."”
(San Francisco, CA, November 12, 1979).

Meeting

Method

Delayed calibration of
distant stripchart re-
corders against vent
stack monitor.

Calibration of strip-
chart recorder using
nearby TLD detectors.

Extrapolation backward in
time using delayed heli-
copter data.

Similar to Kemeny Commis-
sion, but based on 10
grab samples for calilra-
tion.

Based on tracking noble
gases in cooling water to
auxiliary building.

Calibration of stripchart
recorders using an average
of TLD data points near
and far.

Method proposed in Appendix
B: Determination of per-
centage of long-lived
Krypton-85 combined with
assumption that the per-
centages for other noble
Ggases were the same.

) "Report of the Task Group on Health
(Cctober 31, 1979).

-~

Gas Releases from the Three
Presented at the American Nuclear Society

€) A.P. Hull, "A Critigue of Source Term and Environmental Measurement at

Three Mile Island" (Unpublished Repcrt,

Upton, New York, no date), Table II.

Broockhaven National Laboratory,

d) P.K. Knight, J.T. Robinson, F.J. Slagle, P.M. Garrett, (Technology Energy
Corporation), "A Review of Population Radiation Exposure at T™MI-2"
(Report NSAC-26, Nuclear Safety Analysis Center, Electric Power Research
Institute, Palo Alto, August 1981) p. II11-14,15.

e) 1Ibid, p.Iv-9.

f) (Reassessment made for this s
by a factor of 3%.)
is based solely on nearby TLD detectors.
be included in a weighted average,

estimate would increase by a factor of 3% base
ing in another paper.
the inclusion or exclus

tudy by multiplying 10 million curies

The original method used by Woodard & Potter

it appears

Should more distant TLDs
that their original
d on analysis appear-

(See the discussion in Section 4.2.1 about

ion of distant TLD readings.)
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released during the first two hours. Releases of this type
through the vent stack can be ruled out because the vent stack
monitor remained on scale for about the first four hours. Al-
though no pathway other than the vent stack is known to have
been open during the first two hours, ignorance of a pathway
is not egquivalent to knowledge that no such pathway actually
existed.

And although computer sihulations of the accident suggest

that core damage did not begin until late into the second hour,'

the simulations are too complex to allow an independent assessment

to be made of the uncertainty that should be attached to their

predictions. Fortunately, any releases during this early period
' would probably have registered on some TLDs, given the direction

of the wind.'. In fact, it is possible that the relatively

high TLD readings found in the south/southwesterly directions

can be explained by an early release of short-lived noble gases.

*C.M. Allison, T.M. Howe, G.P. Marino, "Initial SCDAP Predictions
of the TMI-2 Event" (Report EGG-#4-21682, preprint of a paper for
the 10th Water Reactor Safety Research Information Meeting,

EG:G Idaho, Idaho Falls, Octcber 1982); see also

K.H. Ardron, D.G. Cain, "TMI-2 Accident: Core Heat-Up Analysis”
(Report NSAC-24, Electric Power Research Institute, Nuclear Safety
Analysis Center, Palo Alto, CA, January 1981); and, see also,

F. Tanabe, K. Yoshida, K. Matsumoto and T. Shimooke, "Post-
Facta Analysis of the TMI Accident (I): Analysis of Thermal
Hydraulic Behavior by Use of RELAP4/MOD6/U4/J2," Nuclear Engineer-

ing and Design, 69, PP 3-6, (1982).

#*wind directions for 28 March are shown in Figure C-4 in Appendix C.

"'".M*M"KVW R 1 LR TR T o il 4 LU L
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A1.0 Estimates Derived from Environmental Monitoring Data

The second method used to estimate whole-body doses at TMI
involved analysis of environmental dose data, taken either from
cumulative TLD readings or from instantaneous geiger counter
readings. A summary of the numerical results obtained by six
groups of analysts who used these data to 4derive whole-body popu-
lation doses is given in Table A-4. For convenience, a brief

indication of the limitations associated with each calculation is

also listed there. These limitations are discussed in detail

in fections A4.1 to A4.S.

A4.1 Department of Energy (Hull)

A consultant for the Department of Energy, Andrew Hull of
‘ Brookhaven Laboratory, took as base data instantaneous geiger
counter measurements made by the Department of Energy from a
helicopter. Hull interpolated between the helicopter dose read-
ings, or extrapolated from them, using a "power law" method
beyond 10 miles. * **
Although the Department of Energy helicopter was able to
collect considerable data, the Analysis of the data is inherently
* difficult to perform and suffers from a number of unavoidable
weaknesses. First, the bulk of the measurements were not started

until two days after the accident, necessitating an extrapolation

backwards to "pre-helicopter"” time.

*The DOE findings are reported in Appendix A of the Ad Hoc Population

Dose Assessment Group, Population Dose and Health Impact of the
Accident at the Three Mile Island Nuclear Station, A preliminary

assessment for the peri Marc through April 7, 1979. (May 1979).
."A.P. Hull, "Estimate of External Whole Body Radiation Exposure to
+ _the Population Around Three Mile Island (TMI) Nuclear Station."

(Brookhaven National Laboratory K Upton, New York, not dated’]




TABLE Ah-4

rifty-Mile ¥hole "ody Population Dose gstimates Obtained by

-
Interpolation and Extrapolations of Environmental Data @

Investigator Person-Rem Limitations of Methodology

Department of Energy (Mull)‘) 2,000 pelicopter missed releases in
(Based on Gelger Counter Readings) first few days; May have missed
center of plume on other

occasions.

Ad Hoc Nose Assessment Groupb,

(Based on TLD Readings) o)
5,300 *Holes" In TLD

a coverage; limited
3,300 data points
) available
2,000° for interpolation
) and
1,600 extrapolation.

Meteorological z"ooq) Assame<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>