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Japuary 6, 2005

PETITION FOR SPECIAL EXPOSURE COHORT STATUS FOR
HANFORD DUPONT WORKERS

This Petition is submitted on behalf of a class of workers consisting of
all former employees of Du Pont Company working at the Hanford Nuclear
Reservation during Dupont’s operations from 1943 to September
1°T, 1946, when Dupont Operations at Hanford terminated.

This petition is based upon three basic facts:

First, there are no individval Hanford Dupont worker records in
existence because they have all been destroyed. Thisis an
indisputable fact, as demonstrated by the attached enclosures in Exhihit A.

Secondly, there is not enough information available to either estimate
the maximum radiation dose that-could have been incurred under plausible
circumstance by any member of the class, or to estimate the radiation dose
tc members of the class more precisely than the maximum dose estimate.

Thirdly, if one had hard data, then generic exposures might suffice in
limited circumstance. But generic exposures developed from extrapolated
data of doubtfud reliability are not scientifically defensible. Such generic
exposures are really just assumptons which cannot provide estimates of
individual exposure with any semblance of reliability. It is not possible to
make a dose reconstruction for an individual Hanford Du Pont worker
based upon generic exposures that are necessarily dependent on
assumptions. This is demonstrated by the following references.
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I.
DUPONT RECORD DESTRUCTION
(Exh. A Enclosures)

a) Title page and page 2 from the Hanford monthly report for March
1950 states:

“Shipment to the Du Pont Company of copies of essentially all
classified records accumulated by the Operation’s Central Files
during Du Pont’s tenure at Hanford was made on March 29.
This material, comprising 263 packing cases, covers the period
Jrom the fall of 1943 through August 31, 1946. Only about 4
packing cases, consisting of records presenting special
documentation problems, remain to be processed.”

b) Letter of April 2, 1990 from DuPont legal department stating:

“The Hall of Records has informed me that the only surviving
records are payroll records of employees working at the site.
All other records were either destroyed or turned over to the

Atomic Energy Commission in the mid-1970’s.”

c¢) Letter of March 21, 2002 from the FOIA officer for the Hanford
Department of Energy states:

“It is our understanding that employment, medical, and

radiation exposure records of individuals whose employment

ol ‘terminated during the Hanford-DuPont contracting period
(1943-1946) or who left Hanford and continued their
employment with DuPont at the end of the contracting period
were archived with DuPont and have subsequently been
destroyed. You may wish to contact the organization that
maintains Du Pont’s historical records to obtain more detailed

~ information. The address is as follows: Hagley Museum and
Library, Business Archives, Attention Michael Nash, P.O. Box
3690, Wilmington, Delaware 19807-0630.”

d) Letter of April 2, 2002 from Hagley DuPont Museum:

“Hagley’s records relating to the Hanford Site are quite

| Page 2 of 21




- e i AR, S e AT

Jfragmentary, as they primarily consist of contract files and in-
house histories. We do not have any documentation about
employment, medical, and radiation exposure.”

e) Letter of March 11, 2002 from Pacific NW Laboratories (which
keeps all the Hanford dosimetry records) states:

“As we have discussed in the past, when DuPont left Hanford,
they took all their records with them. We have had no success
in obtaining these records from them.”

However, at least some DuPont operational records, as distinguished
from individual records which were all destroyed, have survived.
Reference is made to the Weekly H.I. Reports on the 200 Area for 1-5-45

thru 2-13-46, Parker, 7-1115-DEL. These reports indicate there is a
reasonable likelihood that such radiation doses as revealed in these reports

would have created a Health Endangerment for the Hanford DuPont
workers but does not show levels of exposure similarly high to those
occurring during nuclear criticality accidents. See Exhibit B.

IL.

WHY THE NIOSH DOSE RECONSTRUCTIONS BASED ON
ORAUT TECHNICAL BASIS DOCUMENTS ARE INVALID FOR
DUPONT OPERATIONS WHICH TERMINATED SEPTEMBER 1°~.

It is important to recognize the development history of the inhaled
exposure in any dose reconstruction (DR) attempted for DuPont workers at
Hanford. The DR work has been done by Oak Ridge Associated
Universities Team (ORAUT) under contact with NIOSH.

1) Since there are no individual dosimetry records, the ORAUT dose
reconstructions for Hanford DuPont workers have attempted to establish
generic inhalation exposures based on estimates of the various
radionuclides being released into the air from the separations plants.

2) The generic exposures used are from the ORAUT Technical Basis
Documents that characterize the Hanford site exposure conditions. (See
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references at the end of each DR to these technical basis documents.)

3) The ORAUT Technical Basis Document for Occupational Environmental
Dose is ORAUT-TKBS-0006-4, and the ORAUT Technical Basis Document
for Occupational Internal Dose is ORAUT-TKBS-0006-5. These
documents primarily concern inhalation exposures and are in turn based
upon work done by Dr. Till in RAC Report No. 2-CDC, Final Report -
Methods for Estimating Radiation Doses from Short-Lived Gaseous

Radionuclides and Radioactive Particles Released to the Afinospher

during Early Hanfor erations 2002.

4) Dr. Till’s work for these exposures was based upon the work done by Mr.
Heeb for the Hanford Environmental Dose Reconstruction (HEDR) project,
Radionuclide Releases to the A here from Hanford Operations, 1944-

1972, C. M. Heeb, May 1994.

5) In other words, Heeb’s release estimates were adopted and modified by
Till, and Till’s estimates were adopted and modified by ORAUT site
characterizations, which in turn were utilized as the basis of each individual
DR.

6) Consequently, it is necesséry to examine the validity of each stage of
development upon which the following stage was based.

1.
WHY HEEB’S GENERIC RELEASE FACTORS CANNOT BE USED

Heeb’s methodology was to first calculate the amount of each
radionuclide created in the reactor fuel rods which he determined from the
known basic physics of nuclear fission as a function of reactor power levels
and the time fuel rods were in the reactor. Then he determined the amount
of activity in the fuel rods being dissolved in the separation plant
processing and the estimated amounts of the nuclides being released to the
environment during dissolving and subsequent processing in the
separation plant. This enabled him to establish a release factor or fraction
for the nuclide in question as the ratio of the radionuclide activity released
to the radionuclide activity processed.
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The longer-lived nuclides created in the reactor available for possible
release are not greatly affected by changes in the cooling times because rate
of decay is not a significant factor. However, for short-lived nuclides, most
particularly iodine-131 (eight-day half-life), the cooling period from time of
. discharge from the reactor to time of dissolving in the separation plants is a
major factor in determining the amount of activity available for
entrainment and possible release.

One problem with Heeb'’s iodine calculations is the difference in
cooling times to be utilized to calculate amounts available to the dissolver.
Heeb changed his cooling times from his 1993 report in which he
recognized a three-day lag time error overestimation, which was omitted
from his 1994 report. He also used linear averaging of monthly amounts
when cooling time is actually a exponential factor, also causing cooling time
overestimation. Further, be failed to account for the out-of-sequence
dissolving order of fuel rods first in the cooling basis to be first sent out to
the dissolver, (FIFQ). (See Exhibits B and C for a full discussion by widely
recognized and published researchers in nuclear science and iodine-131.)

The following citations were taken from Radionuclide Releases to the
Atmosphere from Hanford Operations -1972, C. M. Heeb. May 1094. -

Heeb was the principal author of the HEDR project source term.

“Monthly releases of ruthenium-103, ruthenium-106, cerinm-144,
strontium-90, and plutonium-239, plus iodine-131 releases after 1949, were

estimated as follows:” (Heeb, 1994 Pg. # 4.3)

“The release factor is defined as the ratio of the radionuclide activity
released to the radionuclide activity processed. Release factors are
calculated from known values over a short period of time. They provide an
estimate of the fraction of radionuclide released from processing
operations. This estimate is then applied to time periods during
which processing data, but no release data, are available.” (Heeb,
1094, Pg. # 4.7)

“A monthly release factor was calculated for each of the six
radionuclides under study in this report (iodine-131, ruthenium-103,
ruthenium-106, cerium-144, strontium-90, and plutonium-239) for each
separations plant in operation. Release factors based on measurements
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from a given time period were assumed to apply to all time periods when
the same release control equipment was in service. (Heeb. 1904, Pg. # 4.7)

“T and B Plants. Release factors calculated for the REDOX and
PUREX plants were applied to T and B plants because the emission conirol
devices at T and B plants were similar to those in place at the REDOX and
PUREX plants.” (Heeb, 1994, Pg. # 4.17) (this is factually incorrect)

Heeb’s release factor for the iodine before mstallation of water
scrubbers in May 1948 was 0.905. Water scrubbers were calculated to
lower the release factor to 0.285, as per estimates made in the GE monthly
report for May 1949, and when sand filters were installed in December of
1948, the release factor became 0.25. (Heeb 1904, Pg. # 2.2)

IV.
PARTICLE PROBLEM

One factor ignored by Heeb was the particle problem that was
recognized as existing but unreported until 1947. Although this is after
DuPont terminated, there is no reason to think it was not existing in the 2
years previously, since the emission control equipment was just beginning
to be installed in mid-1948.

Health Instrument Section surveyors detected contamination in the
form of discrete active particles on the ground in the region of the Hanford
separations plants in late September 1947, HW-9259.

“Particle problem remains despite fan replacement: The active
particle contamination in the Separations Plant Areas continued to
command much attention. Since the replacement of one fan in each area,
the rate of particle deposition has diminished by a factor of less than two,
whereas the average activity of each particle has diminished by a factor of 5.

Recently used photographic methods of detection indicate about ten times

as many particles as were found by meter surveys... Biological monitoring
to date has been inconclusive.” HW-9191, 2/29/1948.

“There is some evidence that apparent increase of concentration with
increasing distance from the stack is real.” H.M. Parker, “Review of the
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Stack Discharge Active Particle Contamination Problem” HW-92509,
3/22/1948.

Re: Dispersion. Assigned to Church, Meteorology. Unable to answer
fundamental particle dispersion problems without extensive Hanford
experimentation. Parker submits: “Small particles could ascend 10,000 to
15,000 feet in summer by thermal convection, and rarely to 3,000 feet in
winter by mechanical turbulence.” HW-g529, 3/22/1948.

“.... there is a backlog of tens to hundreds of millions of particles
unaccounted for in the Plant vicinity. The responsibilities of the Company
and of the Commission require the most energetic attempts to prove that
no significant radiation hazard can arise from this source, or to correct an
untoward condition regardless of cost.” HW-95259, 3/22/1948.

“The deposition of active particles during the month followed an
erratic pattern, with no apparent correlation with wind direction.” HW-

10166-K, 5/31/1948, H.1. May Monthly Report.

Active particles picked up in Benton City and Richland. Monitoring
implemented to determine whether deposition rate was related te

processing operations. “The only correlation found was that deposition
rate was affected by wind direction.” HW-10166-K, 5/31/1948.

“Radioactive Particle Investigation” R. C. Thorburn: “The health
hazard from such a source is apparent.... Our investigations indicate that
the particles actually were coming from the corroded fans and fan
breechings.”

“The appearance and shape of individual particles varied widely.
However, all particles appeared rough and granular under a microscope
and at least a spot of rust-brown color was common.”

“Similarity of structure between the specks found on air sample filters
and fan and duct work particles noted.” N

“Radioactivity of particles varied in a range of 2.5 x10 ™*% {0 3.2 uc
per particle of beta and from <5 d/m to 3,800 d/m per particle alpha was -
found. The possibility of even hotter specks exists.” HW-10261, 6/11/1948.

“There appears to be a general belief that the number of detectable
active particles deposited per month on the ground in the 200 West and
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200 East Areas is increasing. In round figures, 100 million such particles
fell in each area during June. Preliminary measurements of particle size
within the exhaust system showed that much of the total emitted
actvity was concentrated in particles below 2 to 3 u diameter.
These are the potentially dangerous ones with respect to inhalation, and
none of this size-range is being currently measured in the
atmosphere. Possibly 10 particles above 3 p diameter, and 10" (trillion)
below this size were emitted during this month.” HW-10378. 6/30/1948.

May ‘48 - 270 million particles deposited in East Area and 190
million in 200 West. The highest deposition rate noted was 2 to 4 p.s.f. per
week in both areas. HW-10378, 6/30/1948.

Second Meeting of Stack Gas Problem Working Group - Admits that
very small particles may exist that can’t be detected using present
equipment or methods. The number of particles discharged per month to
the atmosphere from the 200 area stacks is 10'° in the 10 micron size and
10 to 10™ in 2 micron size. The highest density of particle distribution on
the ground is 3 to 6 per square feet. Studies indicate that a resident of
Richland would have a possibility of inhaling an average of .3 particles per
month and that a worker in the 200 Area 10 to 12 particles per month.
Recently, however, this probability of inhalation has increased as much as
100 to 200%. “The general pattern of distribution is a function of
prevailing wind direction.” Bates #122 122408, 8/20/1948.

H.L September ‘48 report: Fall of active particles in the reservatlon
was “incorrectly reported to total 10%. This should have been 10*.” Active
particles were readily detectible in the atmosphere in Spokane, 130 miles
distant, and even at Mullan Pass, 200 miles away and at an elevation of
6,000 feet. Report states it is difficult to see why operations should be
permitted without respirators. Further, in fact, it is difficult to justify
further operations, pending completion of the sand filters. HW-11226
9/30/1948.

H.I. October ‘48 Monthly Report: “Initial Results on active particle
deposition, following completion of sand filter in the 200-W Area (T Plant)
showed a reduction of a factor of 4 only. Conclusions from this would be
premature, but it is tempting to surmise that trouble may stiti be
anticipated either from particles emitted from the stack itself, or
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redistributed after initial deposition.” HW-11499, 10/31/1948.

“A total of 88 frames exposed on the reservation and at Benton City
and Pasco showed a deposition rate of 4.4 x 10™ particles per month,
Frame studies completed in the 200 Areas indicated deposition rates of 1.4
X 107 particles per month in 200-East, and 2.2 x 10° particles per month in

200-West.” HW-11499, 10/31/1948.

H.I. November ‘48 monthly report indicates “insignificant™ reduction
in the rate of deposition. Off-site air samples show high readings for
particle inhalation. HW-11835, 11/30/1948.

Paas to Singlevich, “Particle Deposition Summary” - Subtitled
“Deposition in 200 Areas”: indicates one billion particles deposited in 200
East Area between 10/7 to 10/20/1948. Bates #2004209, 6/15/1949.

Note it was acknowledged that none of these particles below 2-3 um
were being measured in the atmosphere, see HW-10378, 6/30/1948 above,
and they were not included in the stack release estimates. There is no
evidence that the additional exposures created by these particle
were factored into Heeb’s release fractions, although they most
certainly created an increase in the inhalation hazard. Dr. Till
acknowledged that particles were released from B & T plants in early
operations, but concluded that “the process could not be reliably

modeled.” Till 2001 Draft, Pg. # 2-22.
V.

GENERIC RELEASE FACTORS

The following contains the nub of Heeb’s methodology for the early
pre-1958 releases of certum-144, strontium-90, ruthenium-106 and
plutonium-239, with the plutonium and ruthenium particles presenting the
major inhalation and ingestion exposures for DuPont workers.

There was no release data available contemporaneous with the
DuPont operations. To create such data, Heeb used release data from later
periods to calculate a release fraction and then back extrapolated this
release fraction, as adjusted for lack of any emission controls, to the
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DuPont operations. Data marked by an asterisk [*] indicates it was
collected after DuPont terminated operations at Hanford.

“The release factors calculated for the REDOX and PUREX plants
agreed with the monthly estimates of the release factor determined from
the Roberts (1958) data for those periods of stable operation when no non-
current-production particulates were being released. These periods were
characterized by release factors ranging around 1.0 x 107. A generic
ruthenium release factor of 1.0 x 107 was used for all four separations
plants after installation of emission-control equipment in May 1948.” Heeb

1994, Pg. #4.18. [*]

“A higher generic ruthenium release factor was applied to T and B
plant operations for the period before installation of water scrubbers in
May 1948. During this period, no emission control equipment was in
operation. The water scrubbers were assumed to be at least 99-percent
efficient in removing ruthenium (Uebelacker 1960). Therefore, a generic
ruthenium release factor of 1 x 10 was used for T and B plant operations
before May 1948. (The release factor for pre-scrubber operation was
increased two orders of magnitude to account for increased release due to
the absence of off-gas scrubbers.)” Heeb, 1994, Pg. # 4.18.

“Cerium-144 Release Factors - The only data available on cerium
releases were found in Anderson (1958b), which prowdes data on cerium
releases from the REDOX Plant during September 1958.” Heeb 1994, Pg. #

4.23. 1*] .

“Strontium-90 Release Factors - Anderson (1958a) provides
average curies per day for strontium-9o releases from vent stack effluent in
the “separations areas” (specific separations plants not listed) during 1957.
Using this data along with information on the number of curies of
strontium-9o processed, which were determined from the material tons
processed and the curie inventory per ton from ORIGEN2, a generic release
factor was calculated: .005 curies/day....” Heeb, 1904 Pg. # 4.25. [*]

“Plutonium-239 Release Factors - Records of plutonium release |
measurements from all four separations plant vent stacks were made
available by J. K. Soldat.® Generic release factors were calculated by
dividing the curies of plutonium-239 released during a given time period by
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the curies of plutonium-239 processed during that period. Release data
and release factor data are provided in Table 4.8. A sample release factor

calculation follows the table.” Heeb, 1994, Pg. # 4.27.

Note that superscript (a) references HEDR Project Docament No.

10930320), “Plutonium and Uranium Releases from Hanford
Separations Facilities/Raw Data.” from J. K, Soldat (Battelle NW) to

HEDR Project Office. October 26, 1993. However this Soldat document
gives data developed in 1952 and 1957 from the T & B plants and REDOX
and Purex, and would not be applicable to the T and B plants before
September 1%, 1946. [*]

“T and B Plants - The T and B plant plutonium-239 release factor
was based on the combined plant average monthly releases of 3.9 x 107
(rounded to 4.0 x 107) for operations after installation of emission-control
equipment in May 1948. [*] Emission-control equipment was assumed
to have been about 99-percent efficient, so the early period plutoninm-239
release factor for the T and B plants was 4.0 x 107. (The release factor for
pre-scrubber operations (1944-1948) was increased two orders of

_magnitude to account for increased releases because of the absence of off-

gas scrubbers.)” Heeb, 1994, Pg. # 4.27.

Plutonium-239 Release Estimates - Figure 4.8 shows that
plutonium-239 releases were largest in the early period of separations plant
operations, reaching a maximum of 0.0755 curies during the month of
October 1945. Releases were reduced after water-scrubber installation in
May 1948. The late-period maximum was reached in January 1966, with a
plutonium-239 release value of 0.006456 curies for the month.” Heeb,

1994, Pg. # 4.27.

It is clear that Heeb did not have any contemporaneous data to
support a release factor (RF) for any of four radionuclides being considered
in the particle inhalation exposures to DuPont workers. In each case Heeb
used release factors developed in other facilities and in other time periods,
different from the early conditions during DuPont tenure at the T and B
plants when no emission control devices were being utilized. For
plutonium and ruthenium, Heeb retrospectively adjusted these release
factors to reflect an assumed 99% removal efficiency from the later
developed emission control devices. The 99% efficiency assumption is not
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supported by any hard comparison data from actual conditions existing at
the T and B plants during the Dupont years at Hanford. The filtering
equipment was subject to continuous changes for improvement and
releases factors developed at one point in time were not applicable to other
time periods with different equipment. For example, when cauastic
scrubbers replaced the water scrubbers the capture of iodine was greatly
improved.

To back extrapolate a RF from a later date back to the early period
before emission control devices were being developed, it is necessary to
know the effectiveness of the devices as compared with the situation of no
devices. (The release factor for pre-emission control devices (1944-1948)
was increased two orders of magnitude to account for increased releases
because of the absence of off-gas devices.) This effectiveness difference was
set by Heeb at 100 times. It is interesting to note that Till used an increase
factor of 150, which he called the “effluent treatment modifier” instead of
Heeb’s 100 (see Till 2002, pg.2-26), which emphasizes the basic
uncertainty and raw assumptions in these so-called release factors. It is not
known if ORAUT adopted Heeb’s 100 multiplier or Till’s 150 multiplier.

This basic uncertainty has been confirmed by a letter report by A.G.
Blasewitz to the EPRP (External Peer Review Panel, see attached as Exhibit
D) that was organized to provide a non-public review of HEDR, in addition
to the public sessions and critiques by the Technical Steering Panel (TSP).
This attached review make precisely the same points made by Petitioner in
the foregoing paragraph, and concludes that the RF for Ce, Ru, Srand PU
should be 4 x 10 instead of 4 x 10% concluded by Heeb. See Exhibit E, page
3. With the estimated activity being released under no emission controls
(DuPont era) ranging from the 100 times to 1000 times
the release factors developed later under emission controls, the Dupont
generic release factors are mere assumptions, at best, and cannot support
an individual Dose Reconstruction.

In further support of the Till & Blasewitz disagreement with scrubber
efficiency of 99% is the August 6, 1948 scrubber testing, finding a collection
efficiency under 96% and predominately under 90%. See attached Exhibit

F, Stack Contamination, Martel, 1048, HDC-611.
Heeb’s methodology (and that of Till and ORAUT) to calculate release

Page 12 of 21




fractions depends upon three factors:

First: All the emission control devices in operation at the time 2 RF is
calculated must identified. This was not done adequately.

Second: The efficiency of each device must be known along with the
efficiency of two or more of the devices in combination. This was not fully
applied.

Third: The sampling measurements of releases must be reasonably
accurate, This is the Achilles heel of even the best efforts to calculate RF.
Before a back-extrapolation is even made to calculate an RF, it is necessary
to have reasonably accurate sampling measurements of activity being
released. Such sampling measurements were not available. Not the least of
the problems is that the sampling filters being used, from CWS paper to the
Whatman 40 to the HV-70 to measure releases, were not adequate to “see”
or capture all of the sub-micron size particles being released, which
accounted for most of the number of particles being released.

“The first quarter 1949 report (HW-14243) states that the CWS filter
paper used in the air monitoring program had been shown to be about
3.5% efficient for gaseous radioiodine.” Till, 2002, Pg. #4-10 and Pg. #4-
1.

See also Exhibit G, Use of Natural Airborne Activity to Evaluate

Filters for Alpha Sampling. Lindeken, 1961, pg. 44, showing HV-7o filters
~ at just 18% to 28% of alpha activity absorbed depending on the thickness.

Lastly, see attached Exhibit H, Notes of Interview With Bernard
Saueressig on 8/15/96, confirmed with his signature and initials. “We did

not try to catch those particles less than 2 microns.”

It is clear the sampling results upon which RF were being calculated
were results of dubious reliability, considering that much of the activity was
not being captured by the sampling.

VL

TILE’S MODIFICATIONS OF HEEB
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Till, 2002, created a spreadsheet based on Heeb’s figures to show
total monthly releases from routine operational releases of each nuclide.
He also described what he termed “Unusual Release Conditions” in which
particles containing various radionuclides were released from B & T plants
in early operations, but concluded that “the process could not be
reliably modeled.” Till 2001 Draft, Pg. # 2-22 . (bold emphasis added)

The following citations were taken from RAC Report No. 2-CDC,
Final Report - Methods for Estimating Radiation Doses from Short-Lived
Gaseous Radionuclides and Radioactive Particles Released to the -
Atmosphere durin 1y Hanford Operations , Till 2002;

“Heeb (1994) made estimates of radionuclide input to the fuel
dissolution process and those are tabulated in his report.” Till 2002, Pg.

#2-24.

“Monthly listings of the inputs of *Sr, ***Ru, ***Ru, “*Ce, and ***Pu for
the T Plant, B Plant, and REDOX Plant were compiled for the period
December 1944- February 1961 from tables given in the report by Heeb

(1994).” Till. 2002, Pg. #2-24.

“Releases from T Plant. Monthly releases were estimated
throughout the period of operation of T Plant, from late 1944 to early 1956.”

Till, 2002, Pg. #2-27.

“Deposition density is the number of particles detected per unit area
of ground surface. Section 4.1.6 contains a review of available data.” Till,

2002, Pg. #3-39,

“Beta activity. Document HW-0871 presents summary tables of
beta activity collected on ambient (i.e., in the outside environment) air
filters between January 1946 and April 1948 inclusive. Air was sampled
continuously through a filter of about 1-1/2 inches diameter at a flow rate of
about 2 ft* min™. The filters were counted directly on thin mica-window
Geiger counters. The sampling frequency was weekly (HW-12677, HW-
13743), and the reporting frequency was monthly. The samplers were
located under a protective cupola type roof (HW-13743). At that time,
corrections to the measured count rates were made for geometry, collection
efficiency, and radioactive decay, with the assumption that all beta activity
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came from *'I. Data that showed residual long-lived activity after
the decay of I-i31were not included in this document.” Till, 2002,
Pg. #4~10. (i.e. no data for the rest of the nuclides of interest)

“Operations began at T Plant in December 1944 and at B Plant in
April 1945, We have found no routine air monitoring data for 1945.” Till,

2002, Pg. #4-11.

“Alpha activity. There was a limited amount of routine monitoring
of alpha activity in air by the Hanford contractor during this time period.
Reporting of these data began in the second quarter of 1951.” [*] Till,
2002, Pg, #4-16.

“4.1.5 Particle Counts in Air. Beginning in the fourth quarter of
1948, Hanford’s routine environmental reports included data on the
number of radioactive particles present in a certain volume of ambient

(outside) air (HW-13743).” Till, 2002, Pg. #4-33. [¥]

“Chronological Review of Survey Data. Health Instrument
Section surveyors detected contamination in the form of discrete active
particles on the ground in the region of the Hanford separations plants in

late September 1947 (HW-0259).” Till, 2002, Pg. #4-38. [*]

“In fact, H.M. Parker (HW-9259) stated that measured deposition
was 1-10% of the estimated emission of active particles, meaning that go-
99% of particles were not detected within the surveyed area.”

- Till, 2002, Pg. #4-42.

“A factor is included in the spreadsheet to account for particles not
detected by the survey instruments used. A factor of 10-100 increase is
suggested by comparison of surveys for large active particles released in the
1940's with more sensitive methods (HW-9141; HW-10941}. However, if
this were done, then the dose assessment from the particles would need to
reflect the inclusion of smaller particles and their activity characteristics.
We have not made any adjustments to the measured deposition
densities for the example calculations included with this report.”
Till 2002, Pg. #3-39 (In other words, Till’s computer file, scrlist.dat, which
provided ORAUT 0006-4 with its source term did NOT INCLUDE Till’s
suggested increases 10-100 times to account for particles not detected.)
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VIIL,
ORAUT’S MODIFICATIONS OF TILL

ORAUT’s calculation of dose estimates are based upon
Heeb, 1994, and Till, 2002, as modified by ORAUT. ORAUT developed an
individual dose calculator utilizing RATCHET, the HEDR air dispersion

sub-program.

“5.2.1 Plutonium. By far the most serious intakes at Hanford involved
plutonium and **Am. Routine urinalyses for plutonium started in

September 1946.” Technical Basis Document for the Hanford Site —
cupational Internal Dose: ORAUT-0006-5. Pg. #13. [*]

“Air sampling was performed in facilities from the earliest days of
operation. Workers routinely exposed to areas with detectable airborne
concentrations or performing high risk jobs that might produce airborne
contamination were on routine bioassay schedules (except prior to about
1948).” [*] ORAUT-0006-

“For routine releases from T and B plants the estimated monthly
release is the product of the following factors:

» The monthly processing rates for each radionuclide compiled by
Heeb (1994), which are the rates at which the radionuclide enter the
separatlon plants as irradiated fuel from the reactors. The
processing rates were estimated by Heeb (1994) for »Sr,
103R1, '**Ru, 31, ““Ce, and 2**Pu and by Till et. al. (2002) for
137CS_

* The release fraction which is the ratio of the rate that the
radionuclide was released to the processing rate of the radionuclide.
* The “effluent treatment modifier” which accounted for
increased release rates in the early years of operation of T and B
plants when there were no scrubbers or filters on the effluents.”

Technical Basis Document for the Hanford Site — Occupational
Environmental Dose: ORAUT 0006-4, Pg. #10.

“The computer file scriist.dat (Till et al. 2002) provided the
initial source terms in the spreadsheet. That file was based on
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the extensive research preformed by Heeb (1994). The files from
Till et al. (2002) provide monthly release estimates for the period from
Hanford Site startup in 1944 through 1961.” ORAUT-0006-4., Pg. #15.

“Intake of Airhorne Radionuclides - The computer program
RATCHET and an Excel® spreadsheet were used to calculate claimant
favorable but realistic intakes from airborne radionuclides as opposed to
the computer program ‘Heale’ (Till et al. 2002) because ‘Healc’ calculates

“worst case” or maximum hypothehcal dose as opposed to a realistic dose.”

ORAUT 0006-4, Pg. #14.

“The computer program RATCHET (Ramsdell, et al. 1994) was used
to calculate annual average atmospheric dispersion coefficients. The
RATCHET code was run for unit releases of 1 jum particles, noble gases, and
lodine speciated as a combination of elemental iodine, particle-bound
iodine, and organic iodine as described in Farris, et al. (1994).” ORAUT-
0006-4, Pg. #16.

(Note: no basis given for assuming RATCHET could run the non-
iodine particle dispersion correctly, or that 1 um represents the
average size of the non-iodine particles. See discussion below.)

The Till spreadsheet results were adopted by ORAUT and multiplied
by air dispersion coefficients developed by RATCHET to develop the
individual exposure from inhalation of the nuclides. Interesting to note
that Till had deve10ped an air dispersion model for particle air transport,

" Till 2603, section 3.2, but for unexplained reasons ORAUT utilized

RATCHET.

There’s no full explanation as to exactly how RATCHET was
modified. There are many difficulties with RATCHET, as follows:

1) It’s tendency to under-estimate. The Technical Steering Panel
(TSP), a group of independent academics and scientists was organized to
monitor and provide critical review of the HEDR project as it was being
developed by DOE contactor, Battelle NW (a.k.a. Pacific NW Laboratories).
The final report of the TSP upon completion of HEDR states, however, that:

“Key Issues Remain to be Resolved”
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“The TSP identified seven priority tasks to be completed before the
panel could say that dose reconstruction models and data could be
used with confidence in Hanford health-related work., The CDC plans
these tasks to be performed by outside contractors. The seven key
issues are, in order of priority:

Air model concerns. Many people remain concerned about,
‘disappearance factors’ - the inconsistencies between measured and
predicted deposition of iodine in the 1940's - and the role weather
and topography may have played in the amounts and locations of
radioactive iodine deposited.” See Exhibit I, Reconstructing
Hanford’s Past Releases of Radioactive Materials: The History of the
Technical Steering Panel 1988-1995, November 1996.

It will be noted that the adequacy of RATCHET was the number one
concern needing correction. Even its author, Van Ramsdell, acknowledges
under-estimates generally within a factor of four, but up to a magnitude at
the more distant domain locations. See Exhibit J, Atmospheric Dispersion
and Deposition of 131-I Released from the Hanford Site, J.V. Ramsdell Jr.
et al., Health Phys. 71(4):568-577; 1996. However, although number one of
the concerns of the TSP and the CDC, RATCHET was never changed! See
Dr. Till's deposition admission, Exhibit K.

2) The code for RATCHET contains a mathematical error in the plume
depletion equation which doubled the rate of plume depletion. According
to Arthur Rood, a member of Dr. Till's scientific team, Ramsdell admitted
this error in his code and that it was never corrected in his report, but he
claimed, however, that the way he ran the code the error was compensated
by another factor that exists in the code. See deposition Exhibit L for full
elaboration.

3) The problem with ORAUT’s approach is that using a one micron size for
particles ignores the fact that many plutonium particles were less than one
micron, and the average sizes of the ruthenium particles has not been
characterized by any studies. Also, there is no data to support deposition
rates for ruthenium or plutonium which were apparently just speculated as
being equivalent to the combined deposition rates of the three species of
iodine-131 (elemental, aerosol particles, and organic).

Clearly, ORAUT's atmospheric dispersion factors were developed on
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insufficient and inappropriate data. It is also noted that ORAUT reported
no effort to validate its model. Nor was any mass balance analysis made to
determine if the modified RATCHET being used had been properly coded.

The generic data relied upon for DuPont exposures is based upon a
series of assumptions from one step to another. First, Heeb’s estimated
DuPont release factors, for which no contemporaneous data existed, which
he created by retrospectively applying release factors developed at later
times from other facilities using efficiencies assumed for the facility from
where release factors had been taken, and then back-correcting to account
for the lack of the filters at DuPont. Secondly, these Heeb estimates were
utilized by Till as the basis of his estimates of DuPoat exposures which in
turn were converted by ORAUT into individual exposures. DuPont generic
exposures are necessarily dependent on extrapolated assumptions and
cannot provide estimates of individual exposure with any semblance of
reliability.

VIL.,

THE EFFORTS TO CREATE A DR FOR DUPONT WORKERS AT
HANFORD, HOWEVER WELL INTENDED, ARE SIMPLY NOT
SCIENTIFICALLY DEFENSIBLE.

Even if one were to assume, arguendo, some plausibility for such
generic data, it cannot be applicable without some knowledge of the
individual dosimetry, the workers activities, the locations of his work,
protective gear, if any, and any episodes of higher than normal air
coricéntrations, and incidents of accidents or special individual exposures,
for which data no longer exists. NIOSH cannot reasonably estimate a
dose in a factual vacuum. The worker could have been at any location in
the 100, 200, or 300 areas at Hanford and received an excessive exposure
for which the records no longer exist. Recall also, this was start-up time,
the period of the largest releases and the most prone to accidents, and also
failures to adequately protect workers as the hazards were being learned.

IX.
NECESSARY CONCLUSION

The facts establish that there is not enough information available to
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either estimate the maximum radiation dose that could have been
incurred under plausible circumstance by any member of the class, or to
estimate the radiation dose to members of the class more precisely than the
maximum dose estimate. However, at least some DuPont operational
records, as distinguished from individual records which were all destroyed,
have survived. Reference is made to the Weekly H.I. Reports on the 200
Area for 1-5-45 thru 2-13-46, Parker, 7-1115-DEL. These reports indicate
there is a reasonable likelihood that such radiation doses as revealed in
these reports would have created a Health Endangerment for the
Hanford DuPont workers, but does not show levels of exposure similarly
high to those occurring during nuclear criticality accidents.

Consequently, there is no basis upon which to calculate generic or
individual external or internal exposures to DuPont workers at Hanford,
and since all the records of Hanford DuPont workers have been destroyed,
their inclusion as a Special Exposure Cohort is mandated by this lack of any
reliable data. The destruction by DuPont of Hanford worker records was a
shameful act for which the workers should not be penalized. To give the
worker the legally mandatory benefit of doubt, unencumbered by specious
assumptions, would be to establish the class of all former DuPont workers
at Hanford as a Special Exposure Cohort.

Respectfully submitted by undersigned Petitioner on behalf of all
the former DuPont workers at Hanford, as authorized in the
attached Petitioner Authorization Forms signed by the following named

former DuPont workers or their Survivors:

1. -, Survivor of DuPont employee . ___
2, _ i _Attorney-in-fact for! » Survivor
of DuPont employee’
_. . rtvivor of DuPont employee :
_Survivor of DuPont employee . ... ___ .
, Survivor of DuPont employee :
I__ "7 7 ), Survivor of DuPont employee = .

oo pw
L]

.-, Survivor of DuPont employee
-, former DuPont employee.
_ Survivor of DuPont employee ! -

1 —— .

e e
1
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chments:

Exhibit A: Letters Confirming destruction of DuPont Records
Exhibit B: Jervis/McNeill 1999 report
Exhibit C: Jervis/McNeill 2004 report
Exhibit D: A.G. Blasewitz to the EPRP (External Peer Review Panel)
Exhibit E: Drawing attached to Blasewitz letter
Exhibit F: Stack Contamination, Martel, 1948, HDC-611.
Exhibit G: Lindeken, 1961, pg. 44
Exhibit H: Saueressig on 8/15/96
Exhibjt I: The History of the Technical Steering Panel 1988-1995, 11/1996.
Exhibit J: J.V. Ramsdell Jr. et al., Health Phys.
Exhibit K: Dr. Till’s deposition admission
Exhibit L: Rood’s Deposition: Excuse for the RATCHET coding error in
Exh. M
Exhibit M: Atmospheric Tracking Code (RATCHET)
Exhibit N: Petitioner Authorization Forms
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DEGLASSIFIED

March 1950 . 4/10/50

TECENICAL DIVISIONS

SEMMARY

Ple Technology Division

The mwajor effart of the Physics Section involved plamning fox the loeding of the
central 500 tvbes of the H Pile for increased P-10 produetion. Experimental work
in the DR Pile-is being plammed to determine the optimum loading srrangement.

& lzrge development progrem for extraction phases of the P-10 progrom has been
initiated. .

Trprovements heve been effected in.-tha wethod of cenning P-10 fuelialugs.

An improved pile‘start—up procedure, which has eignificant adventages over the
conventional “rednced power” start-up procedure wes demomstrated.

Preclise meesuremsnts of the curvature near the immer end of the gun barrel in ‘top-
centrel tubes of the piles show that the worst comdition prevails et the F Pile,

vith & radius of curvature of 850 inches.

Develozmment of equipwment for lnsuwring complete trensformatlon of productian slugs
i1s continuing. :

Separations Technology Divialon

The first of ca. 450 MHD/ton metel is now being processsd in the Separations Plents
" untet ¢loge obasérvation. Tho causea of higher<than-normal yroduet hold-up obteined
in recent B Plant Acid Wash Runs mre being iovestigeted. Metathesis time gycle
shortening by production testing hag besn setlsfnctorily obtalned and veriatlons in
the Isolation Building fimal product solution volums ere being studied via
production tests in an effort to improve product sccountzbility and transfers be-
tween Bldgs. €31 end 234. Iviprovements in Hlds, 23 Dry Chemlstry conversion
yields are being attemptsd. Accumalated "scow sweepings” from Dry Chemisixy ‘
operetions have been seperctely reducod to ylutonium metal tuttens,which are being
gtored for futurs recovery cperctions. -

Tn Redax apd Metsl Waate Recovery process development, sizxty-ons cdditionmal

golvent sxtrection tolumm runs were mede during the peat month, ell on TBP process
studies. Pocked column performonce with Shell Deodorized Spray Bcse sg the TBP
dilnent wes poorer than thet with Stodderd Solvent previocugly reportcd. Additinnal
pulse column runs undsr optimm canditians hove produced weate losses of 0.1 - 0.2%
for both the RA end BC Coluwms for effective "packed” heights of only 5.h f%.
Bedox prmp testing hes edvenced satiasfactorlly to the polnt where pump speclifica-
tions for Productlon Flent dealgn cre now being established,
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\—retebuiczl Divisions — !}héﬁﬁéég i&ij HW-17410

J \ In fa'he research loborstory, Redax studiss heve eliminated previcus concernm ebout

' passibls plutonium precipitstion in product streams, and additionsl ascevenging and
ozopizetion dats hove been obtoined, TEP process studles have included dispersion’
gtndies in liguid-liquid extractaors, ecld butyl phosphotes Pormotion arnd prorerties
fhiorids complexing, end dscontemination behavior of vorious TEP dilwwots. Process
scouting for Bldg. 234-5 operations hos involved studiess of nitric acid vecovery
lesching of slcg and cxrucible wastes, "slactroless™ plating of mickel on plutonium,
and coupling of Redox soluticms to Bldg. 234 operations. Varidus potentiel methods
of seperating alupinum end U235 care being investigated as o pecessary requisite to
the develomment of & mére a.aaimhlﬁ proceaa for the racovery of "25 n

In the 234-5 process development leboretory, the study of substitution of peroxids
for oxclote purificetion hes been continued. A design basis for plutonium “skull"
recovery hae been lesued. Cansiderchle improvement has besn made In producing
tlutonium cores that will pess through the "Go" gage in all directicns. Improve- =
ments In redlographic methods and techniques have becn obtalued. - ‘

Inveatigation of sub-normal T Plent send fi1lter efficisncies has reveeled the f£il-
ter t0 be saturated with weter from stecm lesks inte the ventiletion duct and
previous cell fluphes. Uansuclly lerge quentitlieg of ioddins have been trepped in
the filter end sppecr to ba the ccuse of low "apperent” £ilter efficlency. The
steem leaks hove all baen corrected and the -filter bed is being dried out slowly.
Pilot yuns on the silver reactor for iodine removel end Fibergles particle filters
are being eccelercted.

J Tochnical Servicea Divisien.

- Rola leboratory design work continued in the Analyticel Section cn & 6-dey week

. vaels, ond febricatlon wos iniltieted on several phaees of the necessary mock-up 1a
Bldg. 101, Semple sizes and apelytical methods continued under atudy, end tech:*
ziques were proposed for the edequete evaluetion of total iodine and I131l in graes
to be svolved dwuring the digsolution of Rala sluga.

The sponteneous fission counter wes recelved Trom EAFL end 1s Pbeing installed in the
T Plant control la‘boratory for Anclyticel Section use with the clpha pulee enelyzer
in the deterfination 6f ihdividuel plutonium isotopes in Eenford process materiels,

The Anelytical Ssction has initicted e survey of cll snclyticel procedures present-
17 employed in the control of the scperaticns process, with a view to introfucing
improved mothods whersver possidle. Particuler cttention ls being glven indt tially
to the AT cssay.

L ddE fERts R T s RN 5 U u.‘i:‘I PP O, N \;}3‘5\4
sl %ﬁ%’&%{"tﬁﬁfnﬁ Pont Jégfpm’f?% e a‘sa‘;uflaﬁjiéflx ol iasoltiod records g
gﬁ' acowmloted by the Operction’s Centrel Files during Pu Pont‘a tenure ot Eeaford was g
3 wsde on Merch 29, This materinl, comprising 243 packing ceses, covers the period »‘-1
}}i from the fcll of 1943 through August 31, 1945. Only obout 4 pecking ceses, censlst- Y
: i:ns of records ;presenting special dacumentv.tion problems, remein to be proc;;;sed &
=y, sz Aipa T -FC.;; et ; s "ﬁ'f o BE 'b‘ 'F:;: i
p rere € "% e he %oméfona}é%énp ;:hc %%ﬁ%rol of 1gfcfg.e
desigrmtions used £t Ecnford. Mcctj_n.gs ware held vith representatives fram
Memufacturing, E.I., Technical, end Deslgn and Comstructicn, and e draft of en

Tnstructions Letter on the subject is bzing prep::.rcd
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w:lnunsmn Defaware 19898’ April 2, 1950

Mr. Shirley Gydesen

Battelle

Pacific Northwest Laborafories
P.O.Box 999

Richland, Washington USA 99352

Dear Mr. Gydesen:
: RD = DU PONT DOCUMENTS

As we discussed today, I contacted Du Pont's “Hall of Records”
concerning the existence of certain documents relating: to the operatiorn of the
Hanford, Washington Site as referenced in your letter of February 5, 1990.
The Hall of Records has informed me that the only surviving records are
payroll records of emplayees working at the site. All other records were
either destroyed or turned over to the Atomic Energy Commission in the

mid-1970's.
- My apologies for the delay in responding. Please let me know if
you have additicnal questions.
Very tm.ly yours,
ép_.__: i
John W. Keiter
JWXK:cjs

RECEIVED
APR 101390
S.E. GYDESEN

Better Things for Better Living




;. Hagley MUSEUM AND LIBRARY

April 2, 2002

- Thank you for your letter of March 28, 2002, Hagley's records relating to the
: Hanford Site are quite fragmentary. as they primarily consist of contract files and in-

house histories. We do not have anv documentation abour employment. medical. and
radiation exposure.

IFvou hme amy turther questions about our coilections piease r22i e 1o contac:
e JLdin.

Sincerely,

fr Wt 7N

AN
+ =" VMichae] Nash
Chief. Curator,
Library Collections

FTELEPHQONE 362 »3x.2.in e F
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Depariment of Energy
Richland Operations Office
P.0. Box 550
, thhland Washington 99352

HARdliﬂﬂl

FREEDOM OF INFORMATION ACT REQUEST (R FOIA 2002-0114)

Your letter dated March 5, 2002, was received by this office on March 11, 2002. In that letter
you requested the radiation exposure and employment records for - on behalf
of his son. These records are protected under the Freedom of Information Act therefore we have
interpreted your request under that statute.

Enclosed is a copy of” radiation exposure record. We have deleted the names and
other personal identifiers of other individuals to protect their privacy. -

According to the radiation exposure record, was employed by DuPont. lt1s our
understanding that employment, medical and radiation exposure records of individuals whose
employment terminated during the Hanford-DuPont contracting period (1943-1946) or wha left
Hanford and continued their employment with Duf'ont at the end of the contracting period were
archived with DuPont and have subsequently been destroyed. You may wish to contact the -
organization that maintains DuPont's historical records to obtain more detailed information. The
address is as follows: Hagley Museum and Library, Business Archives, Attention Michael Nash,
P.O. Box 3690, Wilmington, Delaware 19807-0630.

We have conducted a thorough search by name and Sacial Security Number (SSN} for
employment recards related to and we were unable to locate any. Therefore, this
portion of your request must be denied.

The undersigned individual is responsible for this determination. You have the right to appeal
to the Office of Hearings and Appeals, as provided in 10 CER 1004.8, for any information
denied to you in this letter or regarding the adequacy of our search. Any such appeal shall be
made in writing to the Director, Office of Hearings and Appeals, U.S. Department of Energy,
1000 Independence Avenue SW, Washington, D.C. 20585, and shall be filed within 30 days
after receipt of this letter. Should you choose to appeal, please provide this office with a copy
of your letter.



2. MAR 21 2002

If you have any questions regarding your request, please contact Sarah Prein, of my staff, at our
address on the previous page or on (509) 376-2516.

Sincerely,

-4 ' TR Z/Mamn, Director

A Office of Tntergovernmental, Public
~ - IPL-SLP and Institutional Affairs

Enclosure
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Report for the In Re Berg Litigation

Reference-Hanford Releases

March 1, 1999

by

K. G. McNeill and R.E. Jervis
University of Toronto
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A. Academic and Professional Experience: K.G. McNeill
A brief resume of my academic background is given here; a full CV is attached”.

1 gained a First Class Honours degree in Physics from Oxford UK in 1947. My D.Phit (1950)
'was on the D-D (fusion) reaction. Fellowships at Yale and Glasgow UK preceded a lectureship at
Glasgow, then Associate and then Foll Professorships in Physics at Toronto. Honours included
visiting scientist status at Melbourne, Livermore, Ottawa (in all cases more than once) Harwell and
Saskatoon, and status as Professor of Medicine at Toronto and Special Staff Member at the Toronto
General Hospital. During the Tosonto years research has been equally divided between pure nuclear
physics (photodisintegration) and nuclear physics applied to medicine (mainly in bone disease,
particularly osteoporosis).

The research work bas resulted in just less than 200 papers publishied in refereed journals.
There have also been a couple of books, several published lecture notes, and several major reports
on nuclear emergency planning. I have been a consultant for safety in uranium mining and for the
Departments of Health and of Labour of the Government of Ontario, for the federal {Canadian)
Auditor General's office, and for the Atomic Energy Control Board.

For the decade or 50 up to 1997 I have been the Technical Advisor to the Solicitor-General
of Ontario with reference to off.site effects of accidents at ouclear power plants - this involved,
amongst other things, chairing the Technical Advisory Committee and half its Working Groups, and
some of its sub committees, dealing with sgurce term estirnations, metecrological modelling of
distribution of radioactive emissions, dose prediction and protective actions. I chaired, for more than
10 years, the University's Radiation Protection Authority (the University has 230 prof&csonal staff
licenced to use radioisotopes).

I am a member of the Canadian Association of Physicists, of the Canadian Radiation
Protection Association, and {until retirement} a Fellow of the (UK Institution of Nuclear Engineers.

*
(see attached C.V. for details)
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‘B. Academic and Professional Experience: R. E. JERVIS

i am presently Prof Emeritus, Nuclear Sci. & Eng., Univ. of Toronto, and a nuclear
consultant™.

1 gained a First Class Honours degree in Physics from Oxford UK in 1947. My D.Phil (1950)
was on the D-P (fusion) reaction. Fellowships at Yale and Glasgow UK preceded a lectureship at
Glasgow, then Associate and then Full Professorships in Physics at Toronto. Honours included
visiting scientist status at Melbourne, Livermore, Ottawa (in all cases more than once) Harwell and
Saskatoon, and statns a3 Professor of Medicine af Toronto and Special Staff Member at the Toronto
General Hospital. During the Toronto years research has been equally divided between pure suclear
physics (photodisintegration) and muclear physics applied to medicine (mainly in bone disease,
particularly osteoporosis).

The research work has resulted in just less than 200 papers published in refereed journals.
There have also been a couple of books, several published lecture notes, and several major reports
on nuclear emergency planning. I have been a consultant for safety in uranium mining and for the
Departments of Health and of Labour of the Government of Ontario, for the federal (Canadian)
Auditor General's office, and for the Afornic Energy Control Board.

For the decade or so up to 1997 I have begnt the Techoical Advisor to the Solicitor-General
of Ontario with reference to off-site effects of accidents at nuclear power plants - this involved,
amongst other things, chairing the Technical Advisory Committes and half its Working Groups, 2nd
some of its sub committees, dealing with source term estimations, meteorological modelling of
distribution of radicactive emissions, dose prediction and protective actions. I chaired, for more than
10 years, the University's Radiation Protection Authority (the University has 230 professorial staff
licenced to use radioisotopes).

I am 2 member of the Canadian Association of Physicists, of the Canadian Radiation
Protection Association, and (uatil fetirement) a Fellow of the (UK) Institution of Nuclear Engineers.

*k
(see attached C.V. for details)




C. Hanford Introduction

1n this report we consider the validity and accuracy of the I-13 1 releases estimated for HEDR
from the Hanford Site 200 B, T and REDOX plutonium extraction plants over their operating
fifetime. While some of the HEDR calculations were based on historical records of fuel inventories
and of various release measurements, a number of significant assumptions were made also and several
of these were erroneous. The assumptions made were mostly conservative and led to (significant)
underestimation of radioiodine releases during some of the early years of operation. Later, emission
control devices and extension of fiuel cooling times before processing were introduced to mitigate

s1eleases because of concerns about high emission Jevels of I-131 such as occurred during the years
prior to 1951.

In order to evaluate the HEDR calculations we have had to review the timing of plant start-

ups, fuel histories aad processing records, the sequence of installation of the various emission controt
devices and their reputed efficiency aud performance testing.

Todine {31, a radivisotope of half-iifc 8 days, radioactive decay constant A = 0.0862 days ™,
is a fission product released on dissolving of irradiated U fizel. The route by which biological harm
may have been caused to nearby resident and neighbouring communities by effluent iodine from the
Hanford works can be broken up into different stages.

(2) the production of the fission products in slugs and their ¢jection from the reactors

(b) . the "cooling time", in which I-131 pactially decays

(c)  the emission of I-131 resulting from the dissolving of cooled fuel slugs

(d) the filtering of the effluent iodine

(e)  distribution of effluent iodine

6§ pick-up into the buman system with a radiation dose being gwen, pnmanly to the
thyroid

(g) -biological effect of that dose

It may first be noted that very great time and effort has been expended in the HED
Reconstruction ofI-131 emissions. Scoping calculations and knowledge of similar systems have been
used by the present writers to show to their satisfaction that ab initio detailed recalculation is
unnecegsary even if it were possible; but this same approach showed that in particular parts of the
whole reconstruction erroneous assumptions had been made, in all good faith. We concentrate our
efforts in these parts of the whole in sections D and E, while consequences are discussed in G and H.
D deals with "caoling times" and E with "fractional releases”.

By the end of 1949, 90% or more of the totel nominal emission of I-131 had taken place. In
mugch [ater years the emissions were lower and so less hazardous. Nevertheless, the uncertainties in
measurement and assumptions made in calculation of releases in the fifties led to the need for careful
assessment, to check on biologically significant releases in the eatlier part of that decade, for instance
when Ag reactors were being "broken-in". However, releases after 195 6 were 50 snrall that this
period has been ignored.




D. [Incorrect Cooling Times
D1.  Introduction

Very early in our review of the Hanford problems, our attention was drawn to the incorrect,
linear, averaging of cooling times from B and T plantsto give a “average” cooling time which could
be used to make calculations easier.

Linear averaging always and inevitably results in an appearance of a longer cooling time than

» g proper and therefore an underestimation of the actual I-131 inthe effluent. That thisis so is readily
seen if, for instance, one takes equal masses of initial equal unit activity and lets one coo! for 60 days
and the other for 100 days. The two activities at the end of the cooling pericds will be 0.0055 and
00018, total 0.0057 = 2 exp(-0.086 x T), and so T = 68 days where T is the effective cooling time
for the two masses. For comparison, linear everaging, as used in Equation 1 of the HEDR report

" He92, would give (60 + 100)¥2 = 80 days. The last part of the longer cooling period is effectively

wasted, a3 there is very little left to decay. The 12 day difference represents for I-131 e factar of 2.8
in calculated activity.

Although the initial problem was the averaging of cooling times reported for different plants,
it was quickly realized that cooling times given for each plant were themselves averages of the actual
cooling times for individual dissolving, and that these individual dissolvings were made up of shugs
which may well have had different cooling times themselves. Again it is inevitable that Linear
averaging of these times will lead to a misleading estimate of an “average” cooling time which is
always longer than the effective cooling time calculated properly, that is taking into account the
exponential nature of the decay. This problem presents itselfin three different ways, discussed below.

D.2 Exponential Cooling Times

For the very early days, when there were few dissolvings, it is possible to examine details and
indeed for the early years HEDR, does treat basches individually. [He94] (p 4.4) states that "Records
were kept of the amount of uranium fuel dissolved, the burmup of the fuel, and the average cooling
time (General Electric 1948a). Enough of these records survived to permit a daily reconstruction of
iodine-131 from T and B Plant operations through the end of 1949. Thereafter, monthly summary
records only permit a monthly reconstruction of the amount of fuel dissolved, the average burnup of

the dissolved fuel, and the average cooling time of the fuel throughout the operating Iife of each.
separations plant.”

For the years 1950-56 there are given the average cooling time for each month (a linear
average) and, for 1953 to 1956, the minimum cooling time for any dissolving in that monih.
Considering first slugs ffom one reactor, going to one dissolving plant, as the rate of dissolving must
be approximately equal to the rate of discharge of slugs from the reactors (otherwise is there would
be a build up of slugs or, alternatively, "days-off"); the most likely distribution of cooling times is
uniform between the minimum cooling time T, for the month and a maxizmm of Ty e + (T s -
Tain) Le. Tay ~ Ty, = 15 days.  This is obvious if there were 30 charge-worths of U pushed once
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every month (Le. 30 x 3.3 tons), as when each successive charge is dissolved the cooling time will
have been determined to be one day longer than that of the previous one, and so for all 30. With
fewer than 30 charges, some gaps may occur, days without dissolving, but this will still lead to a
flattish, though irregular, distribution; it is not possible to have two charges at the same time, and
therefore two identical cooling times. Jt means that the (linear) average cooling time is Jonger than
it could otherwise be, the maximum cooling time is also increased and 50 is Tyy - Tpip  With two
reactors supplying U to the same dissolving plant, there is the possibility of two charges with the same
cooling time, but still an inevitably flattish distribution of cooling times. (As will be discussed later,
there may be by accident (or design) gross errors in the orderly dissolving routine - see First In First
* Qut Protoco).

To illustrate the effect of distribution of cooling times, take a very simple distribution of 3

. chatges of initial activity equal to unity dissolved after cooling times of 40, 48 and 56 days
respectively. The linear average cooling fime is 48 days, suggesting a released activity of 3 x (1/2°)
=3/64 = 0,047. However the actual release will be (1/2° + 1/2°+ 1/27) = 0.031 + 0.016 + 0.008 =
0.055, 17% more than soggested by the linear average and with an effective cooling time of 46.2 d.
The situation would be much worse if the difference between the minimum and maximum cooling
times were about a month, 32 days. Then the cooling times for the three charges could be 32, 48 and
64 days, giving a real emission of 1/16 + 1/64 + 1/256 = 0.063 + 0.016 + 0.004 = 0,083, 75% greater
than predicted by the "average" cooling time of 48 days and giving an effective cooling time of 41.6
days.

This 75% increase is also much greater than the 17% calculated 2bove: that is, the minimum
value of coofing times is important as well as the linear average in the determination of the correct
effective cooling time, Ty, (.. teking into account exponential decay). Furthermore, note that if
there were 5 dissolvings of equal initial activity and individual cooling times 0of 32, 40, 48, 56 and 64
days the linear average cooling time is still 48 days, and the minimum still 32, but thereal emission
cof 1164+ 1/32 + 1/64 +1/128 + 1/256 = 0,0625 +.0.03125 +0.0156 + 0.00781 + 0. 003906 =0.121,
On the linedf averaging basls, the expected dose would be 5 % 1/64 =0.078. 0.121 is 55% greater
than 0.078 (i.e. ratio is 1.55). Thus the number of dissolvings is alsc refevant. Thus with cooling
times of 32, 36, 40, 44, 48, 52, 56, 60 and 64 days the fincar average is still 48 and minimum 32, as
before. But the reat emission is now 1/16+ 1/26.6 + 1/32 + 1/45.25 + 1/64 + 1/90.5 + 1/128 + 1/181
+ 1/256 =0.0625 + 0.0442 + 0.031 + 0.0221 + 0.02156 + 0.0110-+ 0.00781 + 0.0055 + 0,003906 =

0.2036. On a linear average basis, one would expect 0.141. The correction ratio is 0,2036/0.141 =
1.45.

Fora large number (N >> 1) of dissolvings the exponential average T may be calculated from

the equation
I =T, +_L,_,[ 22 (Tay ~ Tp) ]

AT {1-exp(=22 (Taw — T ))

Tg denved from this formula is slightly higher than that calculated using 2 finite (< 30) number of




dissolvings in a month. For instance, with T,y =48 and T, = 32, the forrmla give T=44.5d
whereas the calculation above for 17 dissolvings and the same 48 and 32 days is 44.9 days. Thus the
I release calculated using this Ty is lower (by a few percent) than that calculated by the long method
above.. Asg either method is assuming, for instance, 2 regular dissolving (e.g. once every 2 days),
small uncertainties are inevitable and acceptable.

From Ty and T, can be calculated factors to modify or correct the HEDR release; the
correction is exp {-0.0862 (Ty - T,y)}- But for correction of T,y to Ty, T,y is required. In the
period 1950 - 52 these values are not available. If everything was so organised, it might be that in
amonth AT=T - T_..= 14 or 15 days; or considering new pushes every week, it is perhaps 3 days;

* of course it might be that in some months very old or very green fuel might make AT longer - and
“off-days” could result in a smaller AT than usual or indeed in a longer AT than necessary. Taking
as examples AT = 15and AT =10 and AT =3, T - T, equals 12, 8 and 1.9. The effects ofthese
effective 3, 2 or 1 days less cooling are that 1.29, 1.19 or 1.10, i.e. 29%, 19% or 10% more L is
released than predicted by T,

Are these values of AT reasonable? From the above it seems so. Also in 1953 for the T plant
the average monthly AT for the 12 months is 14.3 d, in the Redox plant 11 days, giving effects
(correction factors of exp[-0.0862 (Tg - Tav)]) of 1.39 and 1.29 respectively.

Redlising that the total dose is the important parameter, and that taking 4 reasonable average
will smooth out month to month variations, it is reasonable to use a correction factor of 1.25 for the
years 1950 - 52: priar to 1950, batch-by-batch calmllanons.,ﬁnouldzhave avoided the use of average
‘wolng times and thereford tts complicatious, and X, vames for 1953 - 1956 obtained from the T

'rlant and Redox data of HW 89085 (Gydesen 1992) can be used.. Corvection factors for this
exponential cooling time effect (ECT factor) are given in the Table 2 (column -.

D.3  First In First Qut Protocol _ !

A variation on the average cooling time problem is violation of the First In First Out (FIFO)
protocol assumed by HED Reconmstruction when baich-by-batch data is not available and so
assumptions, such as of orderly queueing, bad to be made to reconstruct the sequence of events such
as cooling, dissolving, and extracting. To illustrate this, consider a series of batches of shigs which
have all had different cooling times to this minute, and have activities in the ratios 1:2:4:8. If these
are dissolved at 8 day intervals in the above order, the I release willbe 1+ 1+ 1+ 1 =4 in some
appropriate units. If however order is, by mistake, changed, so that the fourth one is dissolved first, -
the release will be § + 0.5+0.5+ 0.5 =9.5. Even if simply the second and third are interchanged,
the releaseis 1+2+05+1=4.5.

Tt is clear that a mistake, such as the one made in September 1963 [Soldat 65], will not only
produce a very sharp spike of activity at and after the day of dissolving, but will alsc increase the total
activity emitted,

In W 83869, Aug. 31, 1964, it is stated that “From time to time a quantity of incompletely




aged irradiated fiel has been sent by mistake from the reactors to the processing area” where fission
products may be released. The control systems to prevent this had a “weakness” as attested by the
“occasional shipments of fresh fuel”. HW 84001, Sept. 14, 1966 says thas “The potential of shipping
a bucket of metal that has not had sufficient decay time is a common problem ...”. Thus violation
of FIFO occurred from time to time. 1f1-131 emission were calculated on the basis of stack sample
emissions the extra pulse of I from a FIFO violation would be noted in the sampling and taken into
account. However if total emission be calculated from reactor power and other characteristics,
including the assumption of FIFO, violation of the protocol would result in an underestimate of the
actual I emission.

' Ten documents [HW 32916 Aug. 56, 56029 Aug. 54, HW 33266 Sept. 54, 39260 Oct. S5,
HW 58330 Nov. 58, HW 58305 Dec. 58, 2191065 May 62, HW.89067 Sept. 63, HW 83869 Aug.
64, HW 84001 Sept. 64] found and read refer to FIFQ violation or its results between 1954 and
1964. In this period, the emission was usually of the order of 1 Ci per day; the reported excess
emissions (as indicated by the above documents) were in each case less than 10 Ci except for HW
32916 (up to 75 Ci) HW 58305 (20 C1), 2191065 (May 9 1962, 40 Ci) and HW 89067 (Sept 63, the
“Hosn Rapids” release of 60 Ci). The Dec. 1949 deliberate use of green fuel (the Green Run) which
produced 7000 Ci of emission is not included above as it was deliberate.

Pre - 1954 there is nced for computation. FIFO was violated pre-1950 - Jaech (FTS - CLVI-
73) documents that metals from pushes in January 1946 (days 480 and 482) were dissolved in June,
after metals pushed in February and in March (days 519, 533 and 538). But would the pre - 1950
batch-by-batch calculation be more likely to note and take account of FIFQ violation; would the
relative inexperience of operators lead to greater probability of FIFO or would have operators
become more cavalier as time went on? It should be noted that the figures above (a total of ~200 Ci
in ant overall emission of 6000 Ci) indicate an increase of 3% in emission due to FIFO violation; and
that a corresponding probability in the 1950 to 1953 period would lead to an extra 0.03
40 000 Ci= 1180 Ci. Ard correspondingly, on the reasonable hypothesis of a. linear relationship-

 between cutput and-dose (and effect) there would be a 3% increase in dose to all exposed.

We noted that in the period 1954 to 1964 there were remarked-on violations of FIFO. We
also noted that these marked violations produced 3% increase in I output over expected. But the
probability of violations resulting in individually smalt increases in output is much higher (with a train
of 10 events, there is only one way one can transpose the beginning snd the end, but 9 ways one can
transpose next-door neighbours). We feel it very consesvative to round-up the factor of 1.03 (3%)
to 1.05, and this 5% figure is used henceforward. ’

Considering all the uncertainties, it may fairly be said that there is indeed evidence of FIFO
violation, even until 1964, and that there is fittle reason to believe violation was less probable pre -
1954, and that therefore the HEDR estimations of emission may reasonably be thought to be a few
percent underestimated for the period 1950 - 53. For the period 1944 to May 46, there was
apparently [He(92) p 2.4] 0o knowledge of the push data for a particular batch and so, to reconstruct
the operations, again an orderly queuing was assumed. As there may well have been violations of
FIFO (which in that high output time for lack of experience would have gone umoticed), the factor




1.05 (5%) is applied to this period as well as to the "no log book period” May to August 1946, After
August 3946 the push date was known for 3 particular batch until the end of 1949, so no general
FIFO correction should need to be made.

|

Summary for FIFO Factors ( repeated in Table 2, column 3}

FIFO correction Deg. 44 - Aug. 46 of 1.05
No FIFO correction Sept. 46 - Dec, 49
FIFO correction Jan. 50 - Dec. 56 of L.05

‘D4 Lag Time

Another source of incorrect cooling tire is the fact that although the major evolution of
fodine is at the dissolving of the U slugs, and 3o the time that primarily matterss is that between reactor
stut down and dissolution, the time which is given (in the Metal Histories, for instance) is the time
of extraction, not of dissolving. On the basis of early (1945) data, HEDR concluded (and used in
He92) that the lag between dissolving and extraction was (around) 3 days. This is for instance
indicated by the Figure 2.1 of [He92], where cuts are in storage for several days. Then the cooling
time s faken by [He92] as time to extraction 1ess 3 days {or some variation around 3, see [He92]
page 4.23, where the mode is taken as 3 and variability 0-7 days). This would be reasonabie if the

lag time were always 3 days. Even within the bounds of [He92], however, this lag time is shown to
be incorrect.

For Nov. 47 the Metal History {FTS 71] for the T plant gives push dates and extraction dates
which (finear) average to give 96 days "cooling time”. This is the value which Gy92 gives but He(94)
gives 94 days in Table A.1. This looks as if something like the 3 days has been removed (and so it
looks as if He94 buys into He92 in this respect). For October 47 there is the same story. We find
the average time push to extraction is 87 days, [Gy92] gives 87 days and He(94) gives 85 days:
However this is perhaps just fortuitous.. Looking over the wholé of the comparison between Gy(52)
and He(®)for the period 1944-47, for the T plant, there is almost a random difference between the
two, with differences ranging from 7 days (March 46) to - 4 {Juite 45) and (neglecting the egregious
Jan. 46 (32 day difference)) an average of 1 day longer for Gy92 than for He94. Thus the evidence
that He(94) has adopted the 3 day lag seems weak to non-existent.

ForDec. 47, however, in FTS 71 two lots of numbers (of different physical size - the bigger
ones are here caffed the "main" numbers, the smailer the "subsidiary”.) - are both in the "cooling time” -
cofumn, 2 column which is under the general heading of "extraction”. Again push dates and
extraction dates are given. Doing the arithmetic of averaging the time of push to time of extraction
averages for Dec. 47 to 96 d. for the subsidiary numbers. Gy92 also gives 96 d. (He94 gives,
inexplicably, 99 days - did he add 3 days?) The main numbers however average 89 days. This must
be interpreted as a noting down of both the time to extraction and the reat cooling time, that is the
days to dissolving, and it follows that the fag is 7 days, not 3 days. Taking a few other worked
examples, for Jan. 48 plant B the subsidiary numbers give 100 days (Gy52 gives 99) and the main
numbers 91.6, a lag of 8.5 d. For August 498 the numbers are 102 (Gy 92 - 102) and 93 days, lag




9 days. March 53 has 88 days (Gy-88), and 81, s0 lag of 7 d. The average lag time on the data is
8 days. Wider inspection of the data indicates that 8 is not far from the truth at all post 1947 times
(to 1953). We might note here that, post-1947, Gy92 and He94 agree.

DA1 1944 - 1947

If there be evidence of a lag time of 3 days in 1945, the only other datumn in this period, the
Metal History for Dec, 47, gives 7 days in 1947 (2 figure bolstered by later data). Reasonably one
would assume 2 value of 5 for 1946. The use by HEDR of 3 d as a lag time, instead of 5 or 7, results
“in the use of longer than correct cooling times, and so an underestimation of activity of exp(-0.0862
x 2) or exp (-0.0862 x 4)ie. 1.19 or L.41. That is, the real I release has an increase of 19% or41%
respectively over HEDR for 1946 and 1947, (modified slightly 2s shown below}.

In [He92] it is asserted that lag time need only be used from Aug. 46 to Dec. 47 ("as the
Metal History Reports .... regrettzbly do not give the time of dissolving but do give the time of
extraction”.) For the blank period May 22 1946 to August 46 the reconstruction was so total that
dissolving dates were as readily estimated as extraction dates.

Taking alf this isto account, no lag correction factor is used until the end of Angust 1946.
For the remainder of that year 1.19 is used, and for 1947 2 factor of 1.41 (modified slightly as
discussed below).

D.4.2 1948 - 56

We use a lag time of 8 days for this period based on Metal Histories. This lag time of
(fortuitously) one half-life produces a factor of 2.0 correction to the estimated I release in this period.
We considered whether 3 of these 8 days had already been incorporated by He94, but came to the
conclusion that it had not, bzsed on

{a) the produciion in He94 of a new Table (A.1) with a specific column for Cooling Time
which in this period agrees very well indeed with the Cooling Time of Gy92 which itself
gives push date to extraction date.

(b) the lack of any clear indication that in this Table He94 had attempted to incorporate the
lag time dealt with extensively in HeS2 and

(¢) the lack of any reference to lag time in He94.

We therefore use a factor of 2 (modified slighily); if it can be shown that 2 3 day lag has
already been incorporated, the extra factor is 1.54 rather than 2.0.

D.4.3 Modifications
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* the former using grasses and brush on a rontine basis over a network of such locations, creating a
large body of historical biomonitoring data.

To a lesser extent, measurements of selected nuclides including radioiodine were ettempted
in the 200 plants’ exhanst stacks although few reliable results are availabie as part of the histarical
record of jodine releases. Monitoring of I-131 presented a number of setious problems: stack
measurements were complicated by little-known differences in chemical state of iodine as it was
released from fuel dissoivers and subsequent Pu extraction processes; air flows in the stacks were
very great and difficult to sample representatively and bulk chemicals and other long-lived nuclides
were also present. The I-131 released fiom fuel and dissolver solutions was mainly divided among
the species: volatile iodine, inorganic iodide, jodate, Cl-I and organic-I, and the filters and liquid

» scrubbing devices deployed both for entrapment and stack monitoring had varying efficiencies to
retain the airborne I-131 and associated aerosol dropiets and particulate forms [Ma88]. Organic
iodides in particular were not appreciably sorbed by water scrubbers or fibre filters, -Records indicate
that relatively little attention was paid ta this problem of the chemical states of radioiodine other than
to recognize that some fraction was particulate and aerosol spray that necded filtration; a few stack
tests were made with hydrazine scrubbers which werethought to be capable of distinguishing organic-
1, although this was not standard practice, then or since.

Direct counting of stack-menitor filters and of pellets of vegetation using beta counters was
the principal means of detecting I-13 1 during the first five years [Ma89] but this procedure led to very
large underestimates of iodine emissions mainly because of detector calibration uncertainties and 60-
70% beta self-absorption of low energy I-131, complicated also by some interference from long-lived
nuclides such as Ru. Correction factors of 3.3 and higher were required for radioiodine
measurements before 1948 when 2 chemical extraction method was introduced but even then, iodine
extractability and radiochemical yields were variable and uncertain and it was not until a non-
destructive gamma-spectrometric method based on the 364 keV y-line was adopted in 1958 that it
was found that the prior methods, even afier earlier correction factors were applied, had been
yielding low results by a further factor of 1.6 [Ke94]. Docusments show that many filters and monitor
samples were measared by direct f-counting from 1948-58 because the.chemical-exiraction

. procedure was time-intensive, 'In addifion to errors from counting, later tests showed that stack
monitoring through long natrow sampling lines caused tow I-131 levels to be found in the monitor
filters and bubblers by as much as 50-70% (in addition to the 60-70% losses due to beta self-
absosption from direct B-counting of filters.)

These observations about the difficulties encountered in monitoring I-131 emissions up until

1958 arc highly refevant to HEDR estimates of I-131 releases from the B, T and REDOX plants afier

s 1948 because attempts to measure the iodine removal efficiencies of the gas scrubbers, sand and fibre
filters and silver reactors also depended on the accuracy of radiochemical assay procedures. During

the first 34 years of Pu extraction at B and T plants when about half of the total fuel extracted there

had been processed, most (~90%) of radioiodine escaped from the dissolvers and subsequent
processing cells without any removal or containment devices installed. Subsequently, dissolver gas
scrubbers(*48), sand beds(*48) and glass fibre filters(*50) progressively reduced I-131 emissions to

about 25% until the end of 1951 when columns containing layers of silver nitrate backed up by flters
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. The factors above have to be further, though only slightly, modified because although most
:‘ of the emissable iodine comes out on dissolving, a fraction is emitied at extraction. He92 says that
86% of all I comes out at dissolving and after the lag (He92 used 3 days) 7.5% more is emitted - or
RS +9.7% = 95.7% is available for emission, of which 86% comes out first, followed by the decayed
9.7%, that is, 7.5%, giving a total 0f 93.5%. The difference between 95.7% and 93.5% is equivalent
to an effective cooling of all the 1 by 0.27 days. If the lag time were only 2 days, the
effective cooling time would be increased by 0.19 days,
whereas for 4 days, by 0.36 days
and for 8 days, by 0.61 days

* In the worst case, the last, we are saying that if the extraction time is, say, 96 days, and the lag time
3 days, most of the 1 is only cooled 88 days, not 96 days, giving an apparent correction factor 0f2.0;
however, taking into account hold-up of some of the 1, a better cooling time is 88.61 days, givinga
correction factor of 1.9 rather than 2.

For congervatism, we use these slightly corrected factors in the Results, as given in the
following Table 1 and reproduced in Table 2 column 5.

Table 1 - Summary

.
L. - 1945 to Aug. 46 10

1946(Sept. toDec.) 11,17

1947 1.37

. . © [1948.1958 13

E. Radiodine Releases During Fuel Processing:

; From the start of U fiel processing at Hanford, very large, uncontrolled, radionuclide

. emissions occurred through the 200-site stacks, notably inert gas fission products (£p’s) and volatle
' forms of radioiodine. Lesser quantities of other £p’s (Ru,Cs), and of uranium and phtonium were
also released.

Recognizing the potential health and emvironmental impacts of massive releases of
radioactivity in the Hanford region, atterupts were made to monitor such stack losses and to
undertake envirommental moniforing to assess whether significant levels of radionuclides were
depositing over downwind areas both on-site and off-site, that is, outside the boundaries of the
Hanford reservation. Vegetation, soil and water monitoring for I-131 and alpha mclides was done,
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reduced losses further, about tenfold according to various estimates [He92]. Iodine emissions had
also been mitigated to some extent in the interval by increases in firel cooling times from 30-40 days
to 90-100 as detailed above in Section D. However, by that time, computations from fuel content
indicate that more than 700,000 Ci. had been vented through the Hanford 200 site stacks.

That HEDR [He92, Hed4] neglected most of the historic data on -131 stack release
mounitoring resuits and based most estimates of releases on computations of firel content and on
‘generic release factors (RF’s)’ was presumably duve to the considered wireliability of stack
measurerents (with implicit sources of ersor, detailed above).  Also, because of the variability of
early B and T plant emission measurements even afiec Ag reactors were commissioned, Heeb [He94}
evaluated R F's froma set of 1959 measurements at REDOX and applied themto 1951-56 and 1951-
52 operations at the more primitive T and B planis, respectively. The continuous, on-line I-131 stack
monitors were 00t independently calibrated and considered only as a qualitative indication of emission
levets but did serve to alert operators about abnormal release events which occurred not infrequently
-and were refated to breakdowns of the Ag reactors and fiters [Bu91]. The inaccuracies of measured

iodine removal efficiencies of the control devices, and the validity of assuming that 1959 release
estimates from REDOX could be applied for calculating 1951-56 releases from the older plants, are
further considered below,

@

In May, 1948, water scrubbers were installed over the fuiel dissolver tanks of the B and T
plants to treat the “off-gases™ and in Nov/Dec “48, dry sand beds were installed to ‘filter” an estimated
7.5% of 1-131 escaping into the plants’ ‘canyon’ ventiation system, mainly to trap particulate iodine
with varying efficiencies, depending on the extent of condensation occurring.  Deep bed fibre glass
filters were later installed in Oct.(B plant) and De¢ *50 (T) also in an attempt to reduce particulates
and sprays. Finally, because emissions were estimated stiil to be over 25%, the filter beds were
deployed in series with silver nitrate-coated reactor columns in Nov, 1950 (T plant) and Jan, 1951
(B). Radiofodine releases from each plant were estimated for HEDR by Heeb [He92, He94] on the
basis of various measurements of the filtering/trapping efficiencies of the control devices used at
different times. Heeb provides a summary of the “best-estimate’ release factors:

R. F. = (radioiodine released from piant)’ {caic. fuei radiciodine content)

Release factors for the period 1944 to May, 1948 were based or a mean estimate of 86% I-
131 released, with sparging, from dissolver gases, with a further 5-10% lost during subsequent
processing steps and approximately 3% contained in stack condensate, or

RF. =0.86+(5 + 10}/2 - 0.03 =0.90;.

Tests of the removal fraction of the 1948 water scrubbers yielded highly variable resuits which can
be explained on the basis of the chemical form(s) expected in the oxidizing conditions of the
dissolvers: estimates would be epprox. 85% inorganic, 15% organic with  fraction of each contained
in off-gas droplets and particulates [Ev89]. Water scrubbers are efficient for wrapping the latter, less
5o for iodine and inefficient (< 20%) for organic iodides. Hech [He92] reported that about 75% of
I-131 was removed by the scrubbers, or,
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RF. =0.86 (1-0.75) =021, plus canyon air cortent (0.075) = 0.28,

Efficiency tests on sand filter beds installed on B and T plant “canyon’ ventilation air, Nov/Dec 48,
also yielded widely different removal efficiencies ranging from 27-68% (depending on whether they
were wet or dry). Considering that separate tests bad shown that dry sand beds removed only small
fractions of inorganic iodine, no organic-1 and mainly pariiculates, it is our opirion that the lower
figure is more realistic (whereas Heeb used a broad average value). Therefore, the appropriate,
effective RLF. when both sand beds and scrubbers were operating (1948-51), was:

RF. =021 +(0.73 x 0.075) = 0.26.

After their installation in 1951/52, the silver reactors considerably reduced emissions below

. the 26% levels but their performance was found highly variable, During early months, Paas and

Soldat [Pa51] estimated ‘ideal’ RF. = 0.01, but measured values {which may aiso have been
appreciably underestimated because of'the inaccuracy ofrelease monitoring before 1958, cited above)
increased more than tenfold within 6 months when 13% releases were reported. Rather than using
these Eimited and inaccurate release data after initial commissioning, HEDR [HeS4] chose to base B
and T plant silver reactor plus fibre filter efficiencies from 1952, on a documented set of 158
measurements from the newer REDOX plant. Heeb[He94] derived a median RF. vatue of 0.012,
from a range of 0.002 to 0.09 results, We contend that, based on a linear dose/response model for
estimating biological effects, the appropriate estimate to use is the average or mean releases, namely
RF. =0.022, a result yielding 75% higher radioiodine releases for the rest of the plants’ operations
until the 1956 last stutdown of T plant, compared to the HEDR calculated refease estimates [FHe94].

Even these increased release figures are undoubtably conservative underestimates, not only
because of the inaccuracy of 1-131 relezse monitoring before 1958, but also because the efficiencies
of these control devices decreased particularly at breakthroughs when the Ag reactors became
exhausted, were fouled with excess chlorine that acted to replace already adsorbed iodide, and when
release episodes occucred such as the ‘Green Run’ and the accidental 72 Curie release from PUREX

- in 1963 [He94]. Also, there were frequent incidents reported when breaks, tears and corrosion of

filters permitted excess fission products and actinides to by-pass stack filters and be released.

Considering (a) the different chemical forms of redioiodine, (b) differential removal of them
by the several control devices and (c) deposition and condensation occurring in the ventilation and
release stack ducting, the released I-131 would have been depleted in reactive T, and particulates that
bad a greater tendency to deposit locally, and result in enrichment of the volatile, less reactive, .
organic jodides which were not appreciably adsorbed on vegetation and remained airborne for periods
of >200 h [Bu91}, dispersing in a downwind plume to much greater distances off-site. Recently
published research on the behaviour of fission product 1-131 in releases from irradiated U and the
relative absorbability of elemental 1,, iodides, iodates, JOH and organic-1 on equipment surfaces
including small diameter Jengthy stack sampling fines, filters, charcoal, HEPA and various liquid
chemical scrubbers [Ev94] provided quantitative information on the fate of “carrier-free” radiofodine
puchides in these various chemical states. Based on information such as this, it can be estimated that
the bulk of 1-131 released from the first stage dissolvers had an approximate composition of 70%
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morganic, 20% organic and 10% zerosol and particulateiodide. After penetrating the control devices
and ventilation, material released from the stack was probably altered in composition to 50-60%
inorganic, 30~45% organic and 0-5% particulate. Owing to the reactivity and short lifetime of foding
in the aimosphere, dry and wet deposition processes occurring both on-site and off-site, the
composition distribution amang these iodine species would have been changing continuousty with
distance in 8 downwind plime, enriching the volatile organic-iodides.

Summary of Corrected F131 Refease Factors - reproduced in Table 2 column 7

Startup to April, 1948 090,
May, 1948 to Oct, 1943 028,
Nov, 1948 to Oct, 1950 0.25
Nov, 1956 to July, 1951 0.01.0.13
after Aug, 1951 0.012,

F. Summary of Corrected Emissions

We believe that the estimates of HEDR may be taken 25 a basis of I-13 1 source term, but that
significant corrections need be made. In this paper conservative estimates of the corrections have
been discussed. In Table 2 are given the appropriate correction factors due to cooling times and
release factors, and overall comection factor (the product of the individual factors) and both the
HEDR emissions and the corrected (HEDR x overall correction factors) emissions on a monthly
(1944 - 1953) or yearly (1954 - 1956) basis _




G. Thyrold Dose Estimations

G.1 Dosegs within 5 years

Previously the source term for emission of 1-131 from Henford in the years 1944 to 1956 has
been estimated based on modifications of the HEDR estimate. To obtain doses to individuals from
this information requires knowledge of distribution of radioactivity, probability of uptake in animals
and man, and distribution and metabolism in the body, as well as biological and nuclear parameters.

y These (intermediate) steps have been taken by HEDR and others building on HEDR.
Accepting the general comectuess of these steps, (afier ourselves doing scoping calculations) and
assuming that general wind patterns and weather conditions and feeding patterns do not change
markedly from five year period to neighbouring five year period, we can caiculate the estimated dose
as a function of site resulting from our corrected source term by a linear modification of the HEDR. -
based doses calculated by Shipler et al. {1996) and Farris et al. (1996), substituting the present
emission estimates for those of HEDR.

To explain the steps taken here, we have to note that the radiosensitivity of thyroid tissuze
depends on age of the individual - young children are more susceptible than adults, We also note the
concept of "doubling dose”, the radiation dose level (at which, and) abave which it is more likely than
not that an existing thyroid cancer would have been caused by radiation rather than by any other
normal source. While we do not necessarily subscribe to the particular dose criteria or Doubliog
Dose eoncept previously adopted by the Court, even under such standards and concept, thyorid
cancer causation could be expected throughout much of the study domain. Judge Macdonald has
taken that the relevant doubling dose is, for children of up to O - 4 years old at the time of exposure,
five rads to the thyroid. For children 5 years to 9 years, the doubling dose is 10 rads, for those 10 -
19 33 rads, and for adults 100 rads.

Concentrating initially on the youngest children, we have calculated moving (or rollivg)
summations of source term emitted in § year periods starting 1940 to 1944, finishing 1952 - 1956.
{See Tables 3 and 4) We have also tabulated (Table 5) these 5 year rolling totals divided by the 728
746 Ci estimated by HEDR to have been emitted in the 7 years + } month between Dec. 44 and Dec.
51 to aid {see below) in depicting dose distributions to persons. ~

We have also noted that for children born 26 December 1944 Farris depicts distributions of -
doses given from Dec 44 to Dec 51 {7 year plus 1 month, or more exactly 7 years plus 6 days). The
HEDR emission in that period is 728 746 Ci. So we have here from Farris 2 relation between
emission and dose 10 a child at a particular site. Use of the corrected emission over the 5 years after
birth gives a corrected dose for that site to a 0 - 4 year old at that place.

As noted, Farris has given a drawing of dose distribution, with iso-dose contours. For this
drawing to iflustrate the corrected doses, the contours may be re-designated; thus a Farris 100 rad
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contour may be now designated the 27.3 rad contour, if the emission in a particular 5 year petiod is

27.3% of the 7 year plus 1 month base HEDR eniission of 728 746 Ci. This is discussed further in
G3.

G.2  Years outside the initial 5 years of life

If E be the normally expected incidence of a disease, and O the observed incidence {the
increase being due to radiation) the Relative Risk RR is O/E. The dose which makes O = 2E is the

Doubling Dose DD. In general, if the dose be 2(0-4) , the dose received in the first 5 years of life
» 1+ Z(0-4)
the O/E will be given by DDM) where DD(4) is the doubling dose for this age group. If
is>1
, it is more likely than not that radiation has caused the observed disease.

But now consider that dose after the age of 4 may add to the probability of causing the

disease, though this, rad for rad, is less ikely. If 2(5~9) were the dose for the next 5 years, and if
at this age the DD is DD(9), the disease would more Iikely then not be caused by radiation if
25-9) H0-4),

DDE)  DDM) ginilary for older ages, with DD(4) = 5 rads, DD(S) = 10 rads, DD(I9)
=33 rads and DD{(>19) = 100 rads. :

Then a child born in Jan. 1945, living at such a distance from Hanford that he/she does not
receive 5 rad in 1945-1949, may move in 1950 or 1951 much closer to the site of emission and pick
up additional rads in the next 5 years. Or a child bomn in 1941 may well have a sub-critical dose up
to and including 1945 but still have an above critical dose for the first 10 years of life.

For instance, if a person boin in 1947 received 4.5 rads in the first 5 years of life (to Dec. 31
1945) he/she could well, if living in the same place, receive (0.25/0.80) x 4.5 = 1.4 rads in the next

45,18 09+014=1.04

5 years. The relevant probability figures are 5 10 , i.e. the total excess
relative risk is greater than unity, so if the person has thyroid cancer, it is more hikely than not that
the radiation dose caused the cancer.

These cases will have to be looked at case-by-case,
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.2 The Distribufion of Dose

As poted above, Shipler et al (1996) and Fasris et al (1996) have used computer codes
(Ratchet and Descartes) to move from source temmto dose as a function of position vis-A.vis Harford
works. In particular, they have estimated and depicted in a series of drawings the dose received by
a target gronp {infants) as a result of 728 746 Ci of 1-131 released. (Note these doses are median
doses with large errors on them, as indicated in Table 1 of Farris's paper).

In the drawings given here which are adapted from Farris, we depict the doses generated by

I emission proper for different 5 year periods; this has been done by modifying the isodose contours

of Farris by multiplying the dose represented by a contour by the factor M, where M is the factor
given in Table 5, the emission in Ci in a particular § years according to our estimates (Table 4)
divided by 728 746 CL

Let us consider our Figure 1, for the first 5 years oflife of infants born 1/1/41 and consuming
"back-yard” produce. This is based on Fig. 6 of Farris which is for infants eating “back-yard" food.
Our Table 4 shows that in the period 1/1/41 to Dec 1945 the I emitted is
585 090 Ci, which is 0.803 of the FIEDR 728 746 Ci. Sa the isodose contour vahies must be changed
by a factor of 0.803. For the 4 highest dose regions shown in Farris Fig. 6, the boundaries are given
as 230 rad to 100 rads, 100 to 32, 32 to 10 and 10 to 3 rads. Our modifications to make the
depiction applicable to the 5 years 41-43, are to change the region boundaries to 184 rads to 80r,
80rto26r, 26 rto 8 r, and 8 r to 2.6 rads. Further, we have sketched in the probable position of
the (median) 5 rad isodose contour, because of the Doubling Dose being S rad for infants. Itis seen
that Richland, Spokane, Walla Wallz and Pendleton are all within this contour, i.e. a child bomn in
1941 in any of'these places, and living there for 5 years or more would likely receive more than 5 rads
(and on the doubling dose pictuse would, i they later developed thyroid cancer, be more [ikely than
not to have had the cancer caused by radiation from the I emissions).

Fig. 2 is for infants born.on of about Dec. 26 1944, For the 5 years (plus a few days) to
December 1949 & resident infant would receive (Table 5) a dose 103% of the 728 746 Ci on which
the Farris drawing is based. So here we muitiply the Farris contours by 1.03 to give boundaries of
2381101031, 10311033 1, 33 rt0 101 and 10 r to 3 rads. Again the 5 rad contour is sketched in.

Furthermore, as the $ year rolling sutnmations areroughly the same from 1942-1946 to 1945-
1949, this figure 2 shows, within 10%, the S-year doses in this extended period.

We also show Figure 3 (1946-1950) [and also useful for 1947-1951] and Figure 4 (1951-
1955) which also roughly (within 20%) portrays 1948-1952, 1949-1953, and 1950-1954. Beyond
1955 the doses fall off and are not illustrated.

For other circumstances, e.g. for adults, Farris Figure 7 could be correspondingly modified.
For infants consuming "commercial” food and milk Farris Figure 8 applies; our Figure 5 indicate
doses for infants bom in 1942 to 1945. The general picture is the same as for our Figure 2.
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H.  Opinions and Conclusions

Although the HED Reconstruction has been carried out with diligence and overall care,
there are a number of incorrect assumptions made or points neglected which make
necessary correction of the I-131 emissions from Hanford. None vary greatly the massive
ouput in 1945, but they do strongly alter calculations of later emission estimates.

Ia particolar we note

{a)  incorrect averaging of cooling ties, with correction factors ranging from

unity to 1.67
. (b)  violation of First In First Out Protocol, with correction factors of from 1 to
1.05
(¢) lag time (time between dissolving and extraction) correction factors
rapgiag from 1 to 1.9

(d)  stack monitoring of I-131 being vented to the atmosphere was inaccurate
and unrelizble because of poor design of the long, narrow stack air
sampling lines, poor calibration and variable collection efficiencies of the
bubblers and filters connected to the lines, and improper radioassay
procedures, The ‘generic release factors’ that HEDR applied to calculate
fractions of iodine released were not well known from 1948 to 1956 and
the few measured values were subject to the same errors of stack
monitoring. The use of an R.F. estimated from 1959 REDOX piant
performance as a basis for calculating 1951-56 losses from the older B and
T plants is highly questionable, and in addition mean, not median, values
are approptiate. The release comection factors range for 1.0 to 1.76

The overall effect is such that in one month {(Jan 1953) the correction factor is 6.28, that
is HEDR uuaderestimated the emission by 2 factor of more than six.

Using the corrected emissions and the relationship between I emission and distribution of

- dose in thé proximity of Hanford developed by Shipler et al (1996) and Fartis et al (1996),

depictions of dose recejved by e.g. infants drinking "back-yard" and comunercial milk are
presented, showing in parl’.lcular areas within which doses of more than 5 rads to the thyroid may
have been received.

Sigaed: : ’/‘W’Iu Z. fﬂgl/ww

K.G. McNeiil RE. Jervis
Mend | [44 Mach 1 1997
, .

Date:
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Academic and Professional Experience: R. E. JERVIS

I am presently Prof. Emeritus, Nuclear Science and Engineering., Univ. of Toronto, and
a nuclear consultant®.

After earning an ondergraduate degree in Physics and Chemistry majors in 1949 at
Toronto, I undertook master’s and doctoral research in physical chemistry, programs that included
formal instruction in nuclear physics and radiochemistry. As a research nuclear chemist at the
Chaik River Nuclear Laboratories, Atomic Energy of Canada Ltd. starting in 1952, 1 engaged in
radiochemical extractions of plutonium and heavy actinides, radiciodines and other fission
products using Geiger counters, alpha chambers and rudimentary gamma-ray spectrometers (all
techniques and procedures contemporary with and relevant to Hanford operations at the time). 1
participated in investigations into the monitoring of radionuclide releases, including iodine, from
reactor and chemical processing stacks using various filter types. Other research dome in
cooperation with GE and Westinghouse involved at-power testing of the integrity of prototype
power reactor and submarine fuel using rapid radioiodine detection for early fuel failure
recognition. As developer in Canada of the applied radiochemical technique of RAA,
radioactivatiou analysis, I have measured major and frace levels of many radioisotopes in
solutions, air filters and biological materials.

In 1958 T accepted a faculty position at the Univ. of Toronto in the Applied Science and
Engineering Faculty as Professor, Nuclear Science and Fng. Among academic research projects
undesteken since (and published in 230 papers) have been: measurements of igdine and other
inorganics in urban air filters; developing size - selective aerosol sampling with the aid of electron
microscopy; application of different receptor models for air pollution source recognition and
apportionment based on parlicle-size characteristics and comelated concentrations; studies of the
chemical siates of radioiodine as released from reactor fuel under accident conditions, their
ait/water/steam partitioning and the relative volatilities, solubilities and absorbabilities of I, , I’
, 10y, organic-l and. I-bearing aerosols. These latter stndies-were done for redctor safety in
cooperation with AECL and the Ontario Hydro, Canada largest muclear utility.

I have been active in developing and promoting environmental and nuclear safety standards
with the CSA (Can. Stds. Assoc.), latterly as Chair, Advisory Comm. on Nuclear Safety of the
Atomic Energy Control Board of Canada, regulator of all Capadian nuclear activities. [ have been
named Fellow: Can. Soc. Chemistry; Can. Nuclear Soc.; Royal Soc. of Canada; Amer.
Scientific Affiliation; have been honored with 3 international medals and other of awards. A
registered (licensed) Professional Engineer since 1963; consultant on research reactors and
radioisotope applications to the UN Agency: International Atomic Energy Agency, Vienna;
Associate Editor of an international radiochemical journal.

* (see attached C.V. for details)




Academic and Professional Experience: K.G. McNaill

A brief resume of my academic background is given bere; a full CV is attachedd.

I gaired a First Class Honowrs degree in Physics from Oxford UK in 1947. My D.Phil
(1950) was on the D-D (denteron-deuteron fusion) reaction. Fellowships at Yale and Glasgow UK
preceded a lectureship at Glasgow, then Associate and then Full Professorships in Physics at Toronfo.
Honours included visiting scientist status at Melboumne, Livermore, Otiawa (in all cases more than
once) Harwell and Saskatoon, and status as Professor of Medicine at Toronto and Special Staff
Member at the Toronto General Hospital. During the Toronto years research has been equally divided
between pure nuclear physics (photodisitegration) and nuclear physics applied to medicine (mainly
in bone disease, particularly osteoporosis).

The research work has resutted in just less than 200 papers published in refereed journals.
There have also been a couple of books, several published lecture notes, and several major reports on
ouclear emergency planning. I have been a consultant for safety in uranium mining and for the
Deparimnents of Health and of Labour of the Government of Ontario, for the federal (Canadian)
Auditor General's office, and for the Atomic Energy Conirol Board.

For the decade or so up to [997 | was the Technical Advisor to the Solicitor-General of
Ontario with reference to off-site effects of accidents at nuclear power plents - this involved, amongst
other things, chairing the Technical Advisory Committec and half its Working Groups, and some of its
sub committees, dealing with source term estimations, meteorological modelling of distribution of ~
radioactive emissions, dose prediction and protective actions. I chaired, for more than 10 years, the
University's Radiation Protection Authority (the University has 230 professorial staff licenced to use
radioisotopes).

I am a2 member of the Canadian Association of Physicists, of the Canadian Radiation Protection
Association, and (until retirement) a Fellow of the (UK) Institution of Nucleas Engineers.

I-am now an Emeritus Professor of Physics in the University of T(;ronto.

* (see attached C.V. for details)
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Executive Summary

During the chemical separation of plutonium at Hanford in the state of Washington
in the years 1944 to 1972, fission products, particularly 1-131, were released to the
atmosphere. A fraction of this I-131 was distributed in the downwind ecosystem and reached
the human thyroid gland through various envirommental pathways where became a potential
for the induction of thyroid disease.

In this report we estimate the quantities of I-131 released, mainly during dissolution
of irradiated uranium, calculate how that activity was distributed in the air, how much was
ingested by cows and into milk as a source for human ingestion, and finally, how much was
deposited in the thyrotd of a typical person living at a particular place and how much dose
was given to the gland.

The complex pathways for the iodine released from the Hanford Plant make accurate
estimation of the final biological effects of the I-131 very challenging. However, certain
facts are clear - for instance, the greater the release of 1-131 the greater will be the potential
for causing thyroid disease.

The HEDR approach (Heeb[1993]and Heeb [1994]) was reviewed by the present
authors in 1999 (McNJ99). Corrections were made 1o the HEDR estimates of [-131 released
into the plant - at times these corrections were of the order of a factor of two — and
consideration was given to the fraction of I-131 which escaped into the atmosphere desplte
attempts to filter out this and other fission products.

" The 'prese"nt report looks particularly at the Release Factors, the proportion of the 1.
131 in the plant which escaped into the atmosphere. One of the authors (REJ) has researched
and published extensively in this field. The major difference between the HEDR estimations
and the present work results from a new and better understanding of the role of organic-1 in
releases - the organic-I is much less reactive than, say, gaseous §, and I', and so was not
trapped by most off-gas filters. After April 1951 the Release Factor estimated in this report
is 11 times higher than that estimated by HEDR.

This large factor (of 11) makes a considerable difference to the estimated dose in
practical cases. Thus the dose to an adult living in Ringold from 1950 throngh 1956 was
twelve fimes greater than the dose calculated by HEDR (Napier 2002), while the isodose
contour for a child bom Jan 1 1945 and living on ' back yard food " was significantly further
distant from Hanford than for the equivalent contour based on the HEDR estimates. The
HEDR Release Factors are too low, mainly because the removal efficiencies of filter devices
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were appreciably overestimated and, the role of the organic-I was not properly taken into
accouit.




A. INTRODUCTION
This report is supplemental to a previous document, McNJ99, in which we considered

the validity and accuracy of HEDR estimates of I-131 releases from the Hanford Site 200 B,
T and REDOX chemical separation plants over their operating lifetime (1944-1956).

While some of the HEDR calculations were based on historical records of fuel radioiodine
inventories and various release estimates, a mmber of significant assumptions and
approximations were also made and several of these we consider to have been etroneous and
to have led appreciable underestimates of iodine releases. In the period, 1944-1956,
considered here, greater than 90% of total I-131 releases to atmosphere at Hanford occurred.

In McNI99, comrection factors were computed to be applied to HEDR [Heeb,1994]
release estimates to allow for errors such as:

(i)  Exponential Cooling Times (ECT): correction was required for errors resulting
from their incorrect inear averaging of fuel cooling (decay) times as a
simplification for calcufations. The McNJ99 ECT factors were based on true
exponential I-131 decay over the time period from fuel discharge to processing.

(if)  First-In-First Out Protocol (FIFQ): cormrections were required to correct for events
i which average cooling times assumed by HEDR were not applicable because
orderly queuing of fuel batches for cooling, dissolving and extraction was not
always followed.

(iii) Lag Time: another source of incorrect cooling times was the time difference
between dissolution and extraction of fuel (so-called ag time . Cooling times
assumed by HEDR were the period between reactor shutdown and extraction, not
time of dissolving when the major evolution of iodine occurred.

(iv) Radioiodine Release Factors (RF): corrections were applied in McNJ99 to HEDR
iodine release factors to account for inefficiencies of the removal devices in the
1948-56 period. HEDR used est case scenarios based, in par, on unreliable
stack release measurements to estimate a set of eneric release factors which were
quite low, at times by an order of magnitude.

Mathematical details of how the ECT, FIFO, LAG and RF correction factors were
computed were given in McNJ99 and are not repeated here.

In this report, as a consequence of reviewing relevant Hanford and HEDR documents,
and, critical reviews made by NRC, CDC [Anspaugh,2001] and other reputable experts, we
have found compelling evidence that some of our eatlier estimates of the correction factors




which needed to be applied to the HEDR estimates, deserved re-examination. Tn particulas,
evidence of additional FIFO violations, increasing attention to other chernical forms of




radioiodine, especially organic-iodides, which HEDR ignored, and the increased radiation
doses to exposed populations that would result from our less conservative, revised
corrections factors, were the impetus for this joint supplemental repoit.

B. FIFO:

In McNJ99 there were documenied 1G cases, between the vears 1954 to 1964, m
which the emission of I-131 was greater than expected. These out-of-ordinary emissions
were attributable to the processing of "greener” fuel than expected, and in its turn this was
attributed to accidental violation of the First-In-First-Out profocol -- under this FIFO
protocol the fuel first removed from the reactor was the first to be processed. (The Dec.,
1949 "Green Run" was not included as one of these cases since, in the Green Run, the
violation was deliberate [Harlan ef af, 1950].  In the 10 cases above, six had emissions of
less that 10 Ci, while in the other four, the emissions were 75 Ci, 28 Ci, 40 Ci and 60 Ci.
This total of about 200 Ci occurred when the grand total (normal emissions plus these 200
Ci) was about 6000 Ci; the extra was thus about 3%.

Since McNI199, three more extra-ordinary cases of greater than expected emissions
that could be attributed to accidental violations of the FIFO protocol have been
documented. These occurred in Sepiember 1959 {HW-62179), when the 1 emission was of
20 Ci, in April 1962 [HW-73514], 40 Ci, and Dec.,1963, 8 Ci {Keane,1963].  All three of
these cases occurred in the same period: 1954-64 as with the cases discussed above[HW-
- 89067]. Adding in these 3 new cases gives a new total of about 200 Ci + 68 Ci. This totals to
an extra of 268/6000 (Ci), or 4%. Just as McNJ99 rounded up the estimated (extra) emission
from 3 to 5%, so it would be reasonable to round up the 4% to 6% as a result of these new
findings. This value of 6% has been estimated on the basis of data for the period 1954 fo
1964, bowever. McNI99 justified its use over the whole range of reactor years of interest
{except for the fime period: Sept.,1946 to Dec.,1949 during which period the push dates
were known for each particular batch, so no generalized FIFO correction should need to be
made for that period). =~~~

A summary of revised FIFQ factors is shown in Column 3, Table 2, as follows:

FIFQ Correction Factors:
Dec 1944 to Aug 1946 1.06

Sept 1946 to Dec 1949  1.00
Jan 1950 to Dec 1956 1.06

C. ECT Corrections:

The exponential cooling time correction factors, ranging from 1.0 to 1.7, as shown in
Column 4, Table 3 do not require any revisions here.




D. Lag Time Correction Factors:

Similarly, the ag time correction factors which ranged from 1.0, 1.17, 1.37 to 1.9 have
not required further revisions here and are shown in Column 5, Tabie 3.

E. Radioiodine Release Factor Estimates:

The estimations of Heeb, [1993] and [1994], of emissions of I-131 from the Hanford Site
200 plauts formed the basis of the calculation of doses for the HEDR94 and the Hanford
Thyroid Disease Study [HTDS, 1999] and also, of Napier re-evaluation [Napier, 2002].
Questions bave arisen since as to the accuracy and variability of these estimates, In a
previous report [Jervis,1995], errors in 1-131 stack and vegetation measurements were
addressed in detail.

Napier [2002] reviewed the basic HEDR approach of using eneric release factors for the
various removal devices, presumably based on historical records, and proposed instead an
alternative approach using stack measurements. Heeb[1994] had calculated the iotal  I-
131 inventory in processed U fuel from reactor power, irradiation and cooling time histories
and then estimated the fraction of total iodine released to the atmosphere using RF, release
factor vatues which he claimed were supported in part by historical stack data. - Napier 2002
claims an independent approackh to the calcufation of the amount of radioiodine emitted to
the atmosphere, based on historical stack measuremenis and verification of estimated
emissions based on atmospheric monitoring at sites some kilometers from the Hanford site,

Initially, from the 1944 startup until water scrubbers and sand beds were used in 1948,
HEDR estimated that most (~90%) of I-131 contained in the fuel had been released from the
dissolvers and subsequent processing. After the scrubbers and filters were infroduced,
HEDR release estimates were reduced to about 30% and after silver reactors started to be
used (1950-51), to about 1% of I-131 released from fuel.

This approach of HEDR had a number of substantial errors, including:

§)) est performance estimates of water scrubber and sand bed removal efficiencies
were used that were quite optimistic,

(if)  silver reactor efficiencies for 1959-60 were applied back to the early 1950 during
periods when records show that their performance had deteriorated drastically and
regeneration was ofien required {Burger, 1961], and,

(iiiy there had been a complete neglect by Hanford scientists and HEDR of the
existence of an appreciable proportion of organic iodides in the off-gases, forms
of iodine that were not filtered or absorbed by removal devices and not measured
in stack gas sampling.

Almost all of the I-131 of dissolved uranium fuel rods was released at two points: the
dissolver off-gases (50% initially, 86% after ir-sparging [Warren, 1961] and most of the
rest evolved during subsequent handling of dissolver solution. A small fraction (1-5%) was
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entrained in condensate running down the stack walls [Smith,1946]. However for the first
4-5 years after startup, absolutely no engineered measures or devices were implemented to
reduce 1-131 discharges, notwithstanding evidence of high levels of radioactivity downwind
and high levels on vegetation off-site and in distant communities [Healy,1946].

Among the media used in attempls to mitigate such releases were:

E.1 Fiber Filters:

Although there was little evidence that appreciable I-131 was evolving from the
dissolvers and processing streams in particulates, a bank of fiber filters were nstalled in
futile attempts to trap radioiodine from the off-gases. In current indusirial use were the so-
called ambridge absolute filters asbestos and other paper composite types such as the
wartime CWS (gas mask) filters, some of which were used in sampling lines. However,
glass fiber filters were selected for the stack gases out of concem for flammability and
susceptibility to corrosive fumes. Probably, the composite filters would have filiered and
absorbed more I-131 but the glass fiber filters were very meffective (<5% removed) because
the radioiodine was predominantly, 95-99%, in gaseous forms.

Filter tests done in the Chalk River radioactive exhaust stack by the auihor [Jervis,
1956] about 50 years ago using both CWS and Millipore membrane filters showed that very
little 10dine could be collected on filters. On the other hand, based on information
published in 1934 [Robertson], granular charcoal filters would have been much more
effective had they been selected, removing also organic-iodides.

E.2 Water Scrubbers and Sand Beds:

Wet scrubbers had been tried in unsuccesstful attempts for p-line stack monitoring in
1945 and were also considered as a means of I-131 recovery for commercial, medical
. applications in mid-1946 [Healy,1946], rather than as a safety measure to reduce excessive
vegetation contamination.  However, by mid-1948 much concem was expressed by the
AEC Reaclor Safeguards Committee about Hanford 1-131 stack emissions and GE was
instructed that up to 99% needed to be removed [AEC, 1948). Sand beds were reported to
remove as much as 93% in early tests but this was for new beds. An October,1948 HEW
report [HW-11449] indicated: widely varying efficiency reaching a maximum of 25% in
one run , also, .sand beds ranged from 27-68% [HW-13610]. Sand beds frequently became
ouled by liquids and other cheimicals, such as the January, 1950 water clogging at the T plant.
Further, in HW-67520 it was reported that bed efficiencies based on vent samples collected
were not valid due to inadequacy of the sampling system.

Water scrubbers were considered to have efficiencies as high as 85% but, in other
tests it was found that .only about one-half of the I-131 was caught in water scrubbers [HW-
7-6391).  The choice of water and soda ash (carbonate) for wet scrubber media was
curious, if not negligent, because caustic scrubbers -thaving a mwuch higher pH) were
considerably more efficient for iodine removal, particularly from acidic fomes. Further, at




the time this decision was made, DuPont had had experience with caustic scrubbers at Oak
Ridge where they had been used from 1944 at the RaLa (X-10) plant according to Hoffiman
[1999; see also, the attached schematics of the Ral.a2 plant, 1945; Appendix].

Efficiences of 80-90% for I-131 removal by water scrubbers were not realized in
prolonged operation. Wichuner [2004] reported that, from studies at Qak Ridge, their
efficiencies were found to be unstable and were strongly affected by acidity when operated
in the recycle mode. The kinetics of the T, hydrolysis reactions complicated removal
processes in the scrubbers because, although the first step: I, —» 2 I was rapid (reaction

hali-time ~ 5 min.) the second reaction: HOI — T + 10, was very slow.

Herrmann and Hemrmann [1996] judged the scrubber and sand bed efficiencies to be
40% and 30% respectively based on much research and operating experiences at German
and French plants. Therefore, and with evidence of mmch lower operating performance at
Hanford, these (Herrmann) vahies (40 and 30%, respectively) have been used here for
revised RF estimates for the period May 8 up to Oct 0, when silver reactors were introduced.

E.3 Silver Beds:

Among the choices of media to {rap iodine, it appears that silver was not initially
selected although knowledge of classical iodine chemistry at the time would have indicated
that silver ions and silver surfaces would tightly bind iodine from solutien or from fumes.
There was much experience from before the 20" century that thin layers of silver fodide on
inert substrates such as were used in the photographic film industry, did not wash off even
with strong acids.

At Hanford, it was discovered through a random observation in some laboratory tests
around 1948, that silver and copper metal pieces in equipment exposed to radiotodine
becarne highly radioactive. Following some small-scale development work, beds to treat
the off-gases were made up of ceramic pieces ( addles coated with silver nitrate. Initially

-in 1950 it was-asserted that 99% of 1-131 was removed by these ilver reactors [Wolff,1951].

However, early in 1951, shortly after their installation, it was found that they were
not performing as expected and that there had been a substantial increase (more than ten-
fold) in 1-131 releases [Pas and Soldat,1951]. These failing reactors were allowed to remain
in operation from Feb 1 to Aug ! before they were replaced. It was concluded that the
operating temperatures had exceeded 370° F and the silver nitrate had melted and slid off the
coatings [Blasewitz, HW-21959, Aug 1]. The bed failure was detected mainly by off-site
vegetation nionitoring. Also, the beds were subject to ouling and saturation by AgCl and
Agl. Excess chlorine in the off-gases competed with and replaced iodine atoms for sites on
the silver coating [duPlessis and Sutter.1969]. Tt was concluded that the Ag reactors needed
to be regenerated regularly after about 140-200 tons of U fuel had been processed [Burger,
1991]. However, there were times during the mid-50 when the beds were not regenerated
until after 600-800 tons had been dissolved [Warren,1961]. Burger also stated that the main
function of the Ag reactors was to hold I-131 long enough to decay, not for the long term as
long-term buildup was marginal and used beds contained mostly AgCl, (less than 2% was
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