3.0 Overview of RATCHET

The U.S. DOE directed Battelie Memorial Institute to conduct the Hanford Environmental
Reconstruction (HEDR) project. The purpose of the HEDR project is to estimate the radiation
dose that individuals were exposed to as a result of emissions since 1944 from the Hanford site.

The HEDR project produced a series of codes to estimate the generation of radionuclides to
individual exposure. The computer code of interest in this report is the atmospheric transport
model (RATCHET).

RATCHET is a Lagrangian-trajectory Gaussian puff model that computes radiomuclide air
concentrations and deposition rates. It is capable of predicting long-range (i.e., downwind
distances bigger then 100 km) pollwtant transport. However, a few limitations preclude
RATCHET from being used for such task. Some of these limitations include:

a It presently does not account for vertical wind shear.
0 It cannot compute partia] puff penctration above the mixing height.
Q ltisa flat terrain model.

Figure 3.1 presents the terrain features of Hanford site’s surrounding area. Figure 3.2 is a plan
view of the modeled domain. It is clear that complex terrain featuves are present and should be
considered. The inability to handle complex terrain features, including wind distribution and
transport of pollutants over and around hills, plume impacting, and channeling effects in valleys,
renders the reviewed version of RATCHET inappropriate to model the site. Therefore, I cannot
recommend this model, as it stands in the reports, to reconstruct the source-term object of this
litigation.
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4.0 RATCHET Validation Reports

4.1 Validation Procedure

My review of various reports, including Denham (1993), Mart (1993), and Napier (1994) from
Battelle’s Pacific Northwest Laboratories indicates that RATCHET has not been properly
validated. The HEDR computer codes were processed in tandem in order to validate the codes
at the same time as the source term reconstruction was being attempted.

Some of Napier’s (1994) report assessments, implying validation, are scientifically,
unacceptable:

Q
a

“Data are not available to support such an ambitious validation program” (page 1.3)

1t has been possible to infer a validation for earlier information from a validated later
step” (page 1.5). Such a validate procedure should not be used to validate previous steps,
Confounding makes evaluation of emor compensation among the various modules
impossible to establish.

Table 1.2, in page 1.7, indicates that all validations for RATCHET were executed in an
indirect way.

“The content of iodine-131 in the fuel, however, was never measured directly so that divect
validation is not possible”. This indicates that the HEDR model responsible for the reactor
simulation sull has to be thoroughly validated.

“January and December factor of 10 under-prediction at all locations.” (page 3-11)

In page 5.11 it is clear that the lab was contaminated and therefore the background radiation
was already high. This is a reason for low measured values.

The percentile ranges presented in Figures 3.1 to 3.2, in Napier (1994), are very misleading.
Note that the y-axis is in logarithmic scale. This procedure hides the significant differences
between the model and the measured values. Therefore, Table 4.1 — Application of the

measurement score to the results for April 13, 1946, would oniy change slightly in case all
the vegetation data is adjusted by a factor of 10. Additionally, there are no bounds for over-
predictions (score 1) or under-predictions (score 6).
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4.2 Air Dispersion Model

A defensible work in this area requires 2 validated and accepted model for long-range transport
over complex terrain, with deposition and chemical transformation algorithms. Some of these
models have been tested across North America, The maig experiments are the Cross-
Appalachian Tracer Experiment {CAPTEX) and the Across North America Expetiment

A careful model validation requires model stratification, where several selected model regimes
are studied and compared to analytical or field results. This stratification should be based on
predominant physics that the model must account for, and this stratification must be easy to
verify. The recommended steps to validate both RITM and RATCHET would be:

Q Near surface, non-buoyant, rural area, flat terrain, non-depositing, and SO2 emission.
Concentrations should be computed from 50m to 1000m. (Barad, 1958).

Q Elevated buoyant release (187 m), flat terrain, non-depositing, and SF6 emission.
Concentrations shouid computed for 2 distance extending from 500m to 50000 m. (Liu and -
Moore, 1934). :

Q Elevated buoyant release (100 m), fiat terrain, depositing particles (10 microns), and
emissions of particalate. Deposition should be computed over a range of 100m to 10000m
downwind distances. (Thé, to be published).

Only afler an air dispersion model has been tested under controlled conditions, such as the
described above, should one attempt to calibrate the mode! for the Hanford site.

4.3 Terrain Elevations

It is clear from Figure 1 that the local terrain is not flat. A simple facility permit air dispersion
model would have been rejected if flat terrain was assumed. In Napier (1994) it was clear that
the validation went ahead even wheén “Rattlesnake mountzin shields that ceil from Honford
emissions”.

The Columbia River Valley and other topographical features will modify air concentration and
deposition fluxes. This happens in ways that cannot be estimated by flat terrain models such as
RATCHET.

At least two U.S. EPA Lagrangian Gaussian puff models, for long range transport, exist. These
codes, MESOPUFF and CALPUFF, have been adequately validated, are well documented,
reviewed, available with source code, and free of charge.




4.4 Local Meteorology

Stewart (1996) points out that the wind field is 2 potentially significant source of error in the
RATCHET model. Dr. Stewart also describes that directional bias is commonly as large as 20-
45. As an example, an error of 20 degrees, 100 km downwind, can shift the plume by
approximately 34 k. . .

CALPUFF, a long-range transport model from the 1.5, EPA, can use an array of meteorological

stations to betier represent the advection and dispersion process, caused by wind fields, surface
roughness, and thermal induced turbulence.

4.5 Wet-to-dry Weight Conversions
The HEDR Validation, as published in Napier (1994), failed to comvert wet weight to dry
weight. In Napier (1997), it is stated that:

1. “When adjustment is made for the drv-to-wet correction that was omitted, the HEDR results
Jor this region for 1946 seem to be uniformly low by about a factor of about 3",

(%]

“In the fall and winter months, sagebrush is relatively dry and the impact will be small.”

]

“If the measurements were overestimated by a factor of three, the observations would again
line up on the predictions.”

In Napier (1998), the author states that;

1. “The errors discovered in the.published HEDR validation involve the onnission of the wet-to-
dry conversion factor for sagebrush in the modeling.”

2. “Sage brush is acclimated for the annual precipitation pattern, in which nearly half of the
annual rainfall occurs in the winter months. ”

A

4.6 Equipment Calibration

Calibration of the Geiger counter equipment is very important in this analysis. First one needs fo
know the minimum detection level. After that, one should remove al] modeling values that are
equal or lower than the detection level.

In Appendix B, Table B-1, in Napier (1994), all over predictions (score 1) happen when the
median observation is 0.0 uCifkg.

According to Napier (1994):




.....

1. “The lower limit of detection was relatively high. One count per minute above background
on the detector was equivalent to 2.8E-08 Ci/kg of Todine-131 (Mark et al. 1993).”

2. “The bias introduced by the contaminated iaboratory was evaluated to determine the
influence on the measurement rank score by the magnitude of the predicted result. In other
words, were the small predicted values towards the southern portion of the domuain treated
as under predictions by the ranking?"

3. “The values less than 10 Cifkg (InCi/kg), which are predicted for the region southwest of the
Hanford Site, where the effects of the laboratory contamination ore most evident.
Discounting this portion of the data for which measurements reported were likely in ervor,

It is evident that the Geiger counter was calibrated within the Hanford site. Therefore, measured
values were low by any standard, and were of an amount difficult to assess.

4.7 Gamma Ray Spectroscopy Correction

In 1957 the vegetation radiation measurement technique was changed from wet chemistry to

gamma ray spectrometry. (PNWD-2235). According to Duncan (1994):

“Early use of gamma ray spectroscopy technigues Jor vegetation analysis indicated that the wet
chemistry techniques being used for 1131 determinations vielded results that were low by a
Jactor of three. As a result, all pasitive I-131 vegetation results for the first and second quarters
of 1957 were multiplied by three, giving increased quarterly averages when compare to previous
results (HW-51009, HW-52803). Late comparisons of F131 measurements obtained from
gamma spectroscopy method averaged u fuctor of 1.6 times those obtained with the wet chemistry
technigue (HW-54841)." ‘
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4.8 Recommendations for the Hanford Alr Dispersion Mode! Validation

Major radiation accidents have always presented vnique modeling challenges because of
-mcertainties related to the source term. An-acceptable approach is to use 2 validated model to
calibrate modeled source emissions against field measured results, The restlting postulated
emissions are then used to describe the evointion of radiation accidents. Since spatial
distributions of concentrations are sensitive to somrce term changes over long-range, a well
tested model and validation criteria must be agreed upon by all parties.

The transport of radionuclides is dependent on the atmospheric motions. A minimum set of
physical representation that any model should have to be considered for mesoscale atmospheric
transport is described below: ‘

Q Spatial variations of
*  Albedo
* Surface heat capacity
* Surface emissivity
* Surface evaporation rate
* Surface roughness
9 Cloud cover — variable over the mesoscale domain
O Wind speed and direction
o Topography - including terrain features such hills and valleys.

The measured results of radiation from the Hanford site, in the 1940s, consisted of collecting
leaves and measuring their radiation levels. The laboratories and the calibration equipment were
most times already contaminated and the background values were high. Soil contamination and
the various pathways to account for the radiation present on the leaves were not carried out.
Additionally, Pacific Northwest Labs employed correction factors in an attempt to improve the
quality of radiation measurements performed around the Hanford site in the 1940s. These
measurements were used in the validation studies of RATCHET. In a recent document (Napier,
1997) it is clear that the correction factors were understated by a factor of 2.5 times!

Therefore, it is recommended that the serious Hanford site incidents in the 1940s not be used to
calibrate the air dispersion model. I recommend that the krypton-85 release measurements for
the model concentration estimates and the 1963 PUREX accident for the deposition rate, be used
for the final mode] validaticns.
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5.0 Data Processing and Analysis of Results

5.1 Data availabifity
The following documents were made available to me by Tom Foulds and Associated Counsel:
From June 17, 1997 to March 26, 1998

Duncan, J., P., “Overview of Vegetation Monitoring Data, 1952-1983”, PNWD-2235, Battelle -
Pacific Northwest Laboratories, 1994.

Hanna, 8., R., “Uncertainties in Air Quality Simulation Model Predictions”, Boundary Layer
Meteorology, 62, 3-20, 1993.

Jarvis, R. E., “Evaluation of Radiochemical Aspects of HEDR”, Report to Tom H. Foulds and
Associated Counsel, 1995, ‘

Mart, E. I, D. H. Depham and M. E. Thiede. 1993. “Conversion and Correction Factors for
Historical Measnrements of Iodine-131 in the Hanford-Area Vegetation, 1945-1947", PNWD-
2133 HEDR, Battelle, Pacific Northwest Laboratories, Rickland, Washington.

Miley, T.B., Eslinger, P.W., Nichols, W.E., Lessor K.S., Ouderkirk, S.J., “User Instructions for
the DESCATES Environmental Accumuiation Code”, PNWD-2251 HEDR, Battelle ~ Pacific
Northwest Laboratories, May 1994,

Napier, B., lkenberry, T., “Comparison of Calculated Vegetation Concentrations with

Mesurements in 19467, Presentation slides, CDC Technical Workshop, Session III, August 14,
1997.

Napier, B., Letter to Dr, Charles Miller, January 12, 1998.

Napier, B., Letter to Mr. Joe Wayman, April, 1997.

Napter, B., Simpson, J., Eslinger, P., Ramsdell, J., Thiede, M., Walters, W., “Validation of the
HEDR Models — Hanford Environmental Dose Reconstruction Project”, Battelle — Pacific
Northwest Laboratories, 1994,

Stewart, D., “Air Dispersion Modeling Issues Related to the Hanford Radiation Litigation™,
prepared for Tom Foulds and Associated Counsel for the Hanford Radiation Litigation, March,
1996,

January 6, 1999

A tape that was supposed to contain data for Sagebrush Concentration arrived with CIDER data,
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February 18, 1999

Denham, D.H., Dirkes, R.L., Hauf, R W., Poston, T.M., Thiede, M.E., Woodruff, RK,, “Phase
1 Summaries of Radionuclide Concentration Data for Vegetation, River Water, Drinking Water,
and Fish”, PNWD - 2145 HEDR, Battelle — Pacific Northwest Laboratories, June 1993.

Haof, RW., Duncan, IP., Thiede, M.E., “lodine — 131 in Vegetation Collected Near the
Hanford Site: Concentration and Count Data for 1948-1951”, PNWD-2177 HEDR, Battelle -
" Pacific Northwest Laboratories, September 1993.

Ms. Karen L. Hoewing, General Counsel, Battelle Pacific Northwest Laboratories, provided a
copy of the Hanford Eavironmental Dose Reconstruction (HEDR) project DESCARTES, output
file of the 1-131 vegetation concentration of Sagebrush for all nodes for ail months of the years
1949 through 1951. This copy was delivered via Federal Express February 11, 1999.

5.2 Data Pre-processing

Tape provided by Baitelle was received January 6, 1999. It was supposed to contain vegetation
radiation estimates from HEDR codes. This media was an 8mm DAT tape, which contained
hundreds of files without description. After a complete analysis of its content, it was possible to
verify that the requested data was not present.

On February 11, 1999 the required data was received on a CD-ROM. The large file on that CD
was separated into smaller files, each containing a complete year 6f median values from the 100
stochastic HEDR realization runs. :

The final documents, received February 18, 1999, contained vegetation measurement values.
These documents, namely Denham (1993) and Hanf (1993) were in paper form and had to be
digitized. The office of Tom Foulds and Associated Counsel took note of Cell members in both
- documents referred to above. - o T o '

Model Data was then combined with digitized measurement data, in Excel 97 spreadsheets. The
data was organized by row, and each row ardered by date and cell number.

5.3 Data Processing

During this review problems were encountered. Some of the probiems were related to the
measured values, some with the validation of the HEDR codes. These are described above in the
section titled “4.0 RATCHET Validation Reports”,

§.3.1 Initial Tests

Tests were conducted to evaluate Napier's (1998) statement that increasing the foliage radiation
maeasurement results by a factor of 3 “would only impact the comparison slightly”. The results
of the tests indicate that the validation “1.5 Data Quality Objectives” in Napier (1994) is false:

"The model validation activities address the DQOs of most of the technical tasks on the HEDR
Project. Comparisons of predicted versus monitored historicel data must be made, and the
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eneral objective is that the overall bias (ratio of prediction to measurement) of the results be
fess than a factor of 3. The activities described in this report show that this objective is met"

A sample test indicated that stratifying the results into six segments was not appropriate. Since
the difference between the measured and modeled results spans over orders of magnitude, a
range limit must be imposed. Figure 5.1 is a histogram of the difference of “measured —
modejed” valnes, by. day and cell for the Green run experiment: In-figiwe 5.2 the measured-
results were multiplied by a factor of 4.8. It is evident that both histograms change only slightly.

To remedy this inappropriate representation of data, the histograms from Figere 5.1 and Figure
5.2 were recreated. From Figure 5.3 and 5.4 one can now identify a significant change in the
distribution of differences. Note that a shift to the right of the plot indicates an undeniable bias of
underprediction from the HEDR codes.
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5.3.2 HEDR Codes Correction Fa&tar

In air disbersion modeling one can, in most instances, correct results by using a correction factor.

There are a number of conditions to be satisfied in order to obtain an acceptable correction, The

RATCHET code violates some important requirements:

1. The particle size cannot change.
2. Calibration of flat terrain models to match complex terrain is unacceptable.

However, if RATCHET will still remains as credible evidence in coust, a simple mathematical
exercise can produce a “Correctior Factor” to reduce the average error. The technique involves
multiplying all the mode] vaiues, in each cell, by a factor that will bring the average difference
{reasurement — modeled) as close to zero as possible.

Two stmple cases were tried. For the December 1949 data the correction factor was found to be
12. For the March and April months in 1951 the correction factor was found to be 12.8. Figure

- 3.5 shows the difference histogram without the correction factor. Figure 5.6 presents the

histogram with the 12.8 correction factor,
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6.0 Coniclusions

The HEDR model validation requires serious modifications. Various models were not validated
individually. Such procedure would verify each code adequacy and accuracy. Running the codes
together to validate the set is not acceptable, since error confounding would be difficult to trace.

"My professional experience indicates that RATCHET, the HEDR Air dispersion model, is not

appropriate for the site. Validated U.S. EPA lagrangian puff models for complex temain are
available, with documentation and source codes, free of charge. Such codes would have greater
acceptance from the scientific community. RACHET is in my opinion a very weak link in the .
HEDR codes.

It is clear from the documentation available for this comparison that:

Q  Almost all vegetation collected was composed of sagebrush leaves.

0 According to the DESCARTES model, the biomass rate of change over time (dB/dt = ) for
sagebrush is zero. This numerically restricts the interna! bio-accumulation of lodine-131 in
the plant.

G A letter from a member of the HEDR group {Napier, 1997] confirms that the December 1949
(the Green Run experiment) measurements were under-corrected by a factor of 2.3.

9 RATCHET would not be accepted as a dispersion model, according to existing U.S. EPA
Guidelines on Air quality models.

3 Ifone must use a correction factor to multiply HEDR results, this number should be between
12 and 12.8.

2 This is an ongoing project. Correction factors will scale proportional to the source term.

Prof. Jesse L. Thé, Ph.D., P.Eng.
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A RE-EVALUA'I‘IQfN OF THE '] ATMOSPHERIC RELEASES
FROM THE HANFORD SITE

B. A. Napier®

Absiaci—The simospheric release of ™ from the Havford site for
the X950°s and 1960, focused ox the period of refeases after the year
1950, has been ::e-evaluatadusingpmcemingplaj'itstad(mnnﬂoring
datz to address a series of questions and concerns fhat have arisen
related to the source tenu Historical stack monitoring data have
been used fo re-assess the releases by creating either 2 release facior
1o wse with the caloulated plant throughput or using the stack

" monitering results as the basic estimate, and the resnlts bave been

verified using historical atmospheric monitoring data from a focation
several kilometers distant. Uncertainties in all of the historical data
have been addressed in the re-assessment. Com to fhe origiuzl
estimate between 1950 and 1971 of 246 + 0.71 PBg, the stack
monitoring resulfs show 2 release of ™ to the amiiosphere of 155 =
0.23 PBq. 'The concurrent atmpspheric ravniloring resulls imply a
release of 175 (.11 PBq over the same period, but this result is
inflated by faclsion of ghobal fallout. The effective dose
estiniated 1o 2 foll-fime, nearby adult resident from B using the
Heeh source term from 1950 through 1972 is 0.73 mSv; using the
source term based on slack monitoring data in the Hanford Envi-
rotmental Dose Reconstruction project models, it is 051 mSv.
Health Phys. 83(2):204-226; 2002 '

Key words: radioactivity, nirborne; Monte Cirla; dose assess-

ment; Y i

n - e .

INTRODUCTION

Tee Hawroro Site was built in southeastsm Washington
State during Wotld War I to provide plitonium for the
United States nuclear weapons prograr, Trrddiated uragium
produced in the production reactors at Hanford was pro-
cessed in chemical separations plants to obtain wespons-
grade plustonium. Fowr chemical separations piants (T, B,
REDOX, and PUREX) operated at vanious times with
differing processes on the Hanford Site from 1944 throngh
1972, The Jocations of these facilities are shown inFig. 1.In
each of the chemical separations plants, ‘the aluminum
cladding covering the irradiated uranivm slugs was dis-
solved in sodium hydroxide solution, and-then the bare
uraninm metal was dissolved in concentrated nitric acid

*Pacific Northwest tlational Laboratory, Richland, WA 99352,
For comespondence or reprints contact B, A, Napier at the above
addzess, or email at Brace Napier@pni gov. i
(Manuscript received 9 July 2601, revised manupscript received 27
December 2001, accepted 30 April 2002} :
0G17-5073/02/0

Copyright © 2002 Health Physics Sociely ;

solution. A ymmber of radionnclides, including 'L, were
teleased to the atmosphere duing these dissolution pro-
cesses.

The first comprehensive evaluation of the releases of _
"1 1o the atmosphere from these operations was published
by Heeb (Heeb 1994; Heeb et al. 1996). Heeb's resnlis
formed the basis for individual radiation doge calculations
performed by the Hanford Environmental Dose Reconstruc-
tion Project (HEDR) (Farsis et al, 1994, 1996) and the
dosimetry for the Hanford Thyroid Disease Study (HTDS)
(FHCRC 1999). In a review of the thyroid study, the
National Academy of Sciences (NAS 2000) summnarized a
series of questions and concems, primarily attributed fo
Hoffman et al. (1999), which have arisen related 1o the
source term developed by Heeb (1994). These concemns are
focused on the period of releases afier the year 1949 This
paper provides an independent approach to estimating the
almospheric releases of I from Hanford based on histor-
ical stack measurements, with a separate verification based
on atmospheric monitoring data from a location several
kilometers-distant. This differs from the approach of Heeb
(1994), which was based on estimation of Pprocessing plant
throughpnt and release factors.

This paper re-evaluates the source term using historical
stack and atmospheric monitoring data. The historical stack
data are sed either to generate a monthly release factor or
as the direct basis of the estimate. The approach taken in this
paper includes explicit consideration of the varous sources
of uncertainty in the available data. Probability distributions
are provided for all uncertain pararmelers vsed in the
calculations. Estimates of the range of possible releases are

- made using stochastic (Monte Carlo) calcalations appropri-

ate for the conditions corresponding to each month of
operation between 1950 and 1971. AR stochastic computa-
tons were made using Excel (Micrasoft, Redmond, WA)
spreadsheets equipped with the Crystal Ball add-in Deci-
sioneering 1995),

The BEDR source térm

Early in the evolution of the HEDR Project, it was
determined that the radionuclide releages o the atmo-
sphete in the early years of the Hanford Site had nat been
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Fig. 1. Map of the Hanford Site indicating locations of the T and
B Plants, REDOX, and PUREX, as well as the atmospheric
monitoring station in dowatown Rich fand, Washington,

monitored on .2 routine basig (e.g., Patierson 1948).
Therefore, a modeling approach to reconstruct the re-
leases was necessary. The details of the models that were
developed are provided by Heeb (Heeb 1994; Heeb et al.
1996). In brief, the frst problem was to calomlate the
amount of T that was created in each batch of irradiated
fuel. This required a calculation that took info account
e varying fieutron flux firoughout the reactor core, the

isotopic cross sections for the unique nentron spectrum

of the Hanford feactors, and the length of the fuel
irradiation period. Once hose calculations were in place,
much of the subsequent source-term calcuiations in-
volved keeping track of rhe time and Place that the fuel
was processed. A model of reactor and processing plant
operations, based on detajled daily records in the period
1944 through 1949, and on less detailed monthly records
thereafter, was developed. The other Important variable
in the source term derivation was the release Factor,
which Heeb (1994) defined as “ .. the ratio of the
radionuclide activity released to the radionuclide activity
processed.” The source term calculation Wwas a matter of
keeping frack of the I that went into a fuel processing
plant and then applying a release factor to predict the
amount that was released to the atmosphere. The calen-
lations were complex, and uncertainties in the various
portions of the model were propagated nsing Monte
Carlo apalyses. This modcl, once established, was uged
to estimate the releases from the entire period of Hanford

operations from 1944 through 1972, when the last
processing plant closed, until the mid-1980'g,

The primary concems raised about the Heeb mode]
for the atmospheric releases have mvolved ibe estimates
of the release factor, Hesh evalnated the telease factors

for each type of emission control eqaipment sty A

time Hxne of the various emission confrols in place in the
several facilities is presented as Fig. 2. The release
fraction in the eatly yeaws was very high, because there

as little filtration eqeipment installed op the process
off-gas lines. The dissolving steps were responsible for
most of the releases of jodine snd large amounts of nitrjc
acid and nitrogen oxides through the dissolver off-gas
line. Gases and vapors were also collecied from the rest
of the chemical processing plant, including room air, and
Fouted 10 the same 60-m stack through which the dis-
solver off-gases wers leased. According to Heeb's
assessment, a fraction of about 0,85 {2 normal distzipy-
tion with a standard deviation of about 0.03) of the jodine
was reieased to the off-gas line, another 0.075 (a uniform
distribution between (.05 and 0.10) was released from
the est of the plant, and aboyt 0.03 condensed and ran
back down the inside of the stack. Thus, the earl ¥ release
factor was .905.

As time and the wartime urgency passed and ag the
operators became more aware of the magnitade of the
releases, processes were medified and filters added 0
greatly reduce the releases. In May 1948, water scrubbers
were installed in the T and B Plant off-gas line, which
removed about 75% (between 71 and 79%) of the iodine

from this pathway. Sand filters were instalied on the

ventilation system that hasdied (e off-gases from Ihe
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Fig. 2. Time lioe of operations of Hanforg's T, B, REDOX, ayd
Pprocessing plants, Hlustratipg chianges in emission con- -
trols (helow the time finies) and significant events (above the time

Times).
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remainder of the process durting October through Dacern-
ber 1948; these filters removed about 47% (betweep 27
and 68%).of the iodine from this pathway,

Although this emission control equipment reduced
the release factor to abour 0.25, it was insufficient to
solve the iodine emission problem. This problem was

-eventually solved tirough the. develdpirient #nd instalia-

tion of the so-called silver reactors. These were stainless
steel vessels containing stiver-nitrate-coated, unglazed
ceramic saddies retained in two beds between grates and
wire screens. These silver reactors replaced the water
scrubbers in T and B Plants; the first was installed inB
Piant in October 1950, and al the dissolvers (there were
3 in each processing plant) were so equipped by January
1951. The silver reactors in the dissolver off-gas stream
worked extremely well when conditions were kept opti-
maily. Iodine removal efficiencies of over 99.99 were
observed, However, if the temperature was (oo low,
moisture collected and the acid destroyed the silver
reactor. If the temperature was too high, the silver pitrate
melted aed ran off of the ceramic saddles, Provisions
were made for both steam and electyc heating of the
dissolver gases entering the silver reactors, but problems
did occur. In addition, chemical impurities could accu-
mulatc o the silver reactors, rendering them less effi-
cient. Replacing or “regenerating” the silver reactors by
spraying the ceramic saddles with fresh sifver nitrate
solution could remedy this (e.g., Clark 1954). The
primary concerns about Heeb's release factors revolve
around the assumptions made regarding the efficiencies
of the silver reactors and the frequencies of their failvres.
Heeb used a series of measurements of the overall
release factor tade by Waréh (1961) at the REDOX and
PUREX plants in 1959-1960 a5 the basis for releases
from T, B, REDOX, and PUREX operating with silver
veactors, afier a period of operational break-in in 1951,
Heeb used summaries of stack Ielease measurements
made by Paas and Soldat (1951) for the first months of
1951. Heeb applied release factors based on Warren's
1959-1960 REDOX measurements to the eatire period
of REDOX operations and to the latier period of B and T
Plant operations, |
When Warren's measurements are used to generate
a stochastic release factor, the result js a logrormal
distribution of release factor with s median of 0.0125,

geometric mean of 0.0124, geometric stapdard deviation

of 4.12, and mean of 0.0339; In Heeb’s SUIIMAry report
{Heeb 1994), the monthly releases are presented as ihe
mneans, but for some of the valnes Hoffmag et al. (1999)
discovered that Heeb inadvestently used the median
release factor. The HEDR source tenm, corrected for this
exror (Napier 1999), is presented as the second column in
Table 1,
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Problems with the HEDR souxce term waodel

Various observations and suggestions have been
made concerning Heeb’s approach to the atmospheric
sowce term afier about 1950. The emor of using median
rather thag mean release factors was corrected by Nagier
(1999}, - Ope observation is that the Paas and Soldar
(1951 data were taken at T Plant and may not wel
represent simultaneons operations at B Plant, where the
silver reactors may have behaved differently. Other
observations center on Heeb’s use of the REDOX and
PUREX release factors from 1959--1960 for other times
and other facilities. The intent of using the release factors
for earlier Teleases in these plants, and applying the
REDOX relesse factor to the T and B Plants, was stateqd
by Heeb 1o be that they represented a long-terr set of
data. However, the release factors are not quite appro-
priate for reasons such as ¢he following:

» The T and B Plants vse the bismuth-phosphate process,
wherees the REDOX process iavolves organic sol-
vents. Thas, the REDOX Plangt may well have had
differing characteristics of release of the " that
remains after the dissolution step; :

¢ The REDOX and PUREX Plants had additional nitric
acid fecovery systcms in place that were found Lo trap
“ ». most of the radic-iodine escaping from the silver
reactors” (Warren 1961). These acid absorbers were
installed in both plants in late 1957, and were not
present at startup (1952 for REDOX, 1956 for
PUREX). Such acid-recovery systems were never
installed in the B and T Plantg; and

* The REDOX Piant bad a sand filter installed on the .
building and ‘process vessel ventilation. This was
iustalled in Augnst 1954, after about 2.5 ¥ of pror
operation. ’

In addition, it has been noted fhat even though the
1955-1960 data were used to esiablish the releage
factors, the Heeb mode] results are not consistent with
the 1959-1960 REDOX emissions.

Although various, arguments can be made that

_ Heeb's results dre adequate, 2 separate approach may be

more desirable. Stack emissions moniforing was resumed
at Hanford in 1950, and became routige in 1951 Tt is
possible to use the stack-data direcily, sither to develop
directly applicable release factors or as the acual release
estimate, ' -

HANFORD STACK MONITORING DATA

B z2ud T Plants before 1950

Stack gas monitoring systems were originally in-
stalled iu the B and T Plant stacks during construction,
However, the devices were primitive and jnaccurate,
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Table 1. Monthly tmospheric releases of ™I from Hanford estimated using three methods,
MwnH 2 of MMean boal;ad Stack Mean of
eab's estipate monitorizg estimaia
originaf on stack coefficient Primary based an afy Pdmary cs
estimate moaitorin of teferznce for monitary for imaspheric
Month/Year (TBg/month) (TBquomE) vatiation stack estimate ﬂ'Bql'monﬁ) monitoring data
"11/50 34 23 045 Soldat 19502b 15 GE 1950
211450 30 20 049 Soldst 1950a,b 03 GE 19502
Y50 4.4 36.. 043 | Soldat J950ah 52 GE {9502
4/1/50 ig- Z5 pA3 Saldar 19502k L] GE 19505
514/50 4.6 29 039 Soldat 195026 0.6 GE 19506
673150 3.7 23 044 Soldat 1950a.h 4.0 GE 1950
yigVsll 8.9 6.1 043 Soldst 1950a b 2.8 GE 1950¢
81750 370 375 043 Soldat 19503 b 132 GE 1950c
971450 480 257 038 Scldat 19502,b 15 GE 1950c
W0 316 20.7 047 Soldat 1950a,b 76.1 GE 19504
114550 189 i26 0.54 Soldst 19503 b 78 GE 195064
124450 353 287 045 . Soldat 195025 3z GE 1950d
V151 28 37 043 Soldar 1951a 10.2 GE 1951a
2151 32 114 056 Soldat 1951 115 GE 1951a
31451 1238 238 048 Soldat 1951k 54 GE 1951a
471451 884 86.1 048 Soldat 1951d 322 GE 19518
511451 360.4 208.7 041 Soldat 195]e 1306 GE 1951b
/1151 2449 360.7 042 Soldat 1951F Eriwvg GE 195ib
TSt 1306 825 0.76 Soldsr 1951 2126 GE 1951b
8151 9.3 550 636 Soldat 1951; 1524 GE 1951b
971751 653 168.1 053 Soldat 1951h 1158 GE 1951t
Hori/st 90.7 189 .13 Saldat 195%,m 260 GE 19314
1144451 917 50 0.13 Seldat 195%,m 119 GE 1951d
12/145] 618 37 0.4 Soldat 19511 m 1.6 GE 19514
11452 1095 3.1 0.16 Saoldat 1952a kA | GE 1952
2/1/52 760 1.9 054 Soldat 1952b 4.3 GE 1952a
3nss52 929 3.6 0.15 GE 1952¢ 40 GE 19523
411752 84.7 106 0.13 Soldar 19524 29 \ GE 1952b
51152 370 3.8 0.13 Soldar 19524 59 GE 1952h
6/1/52 226 48 0.16 Soldat 1952¢ 14 GFE [952b
52 150 L1 0.11 Soldat 1952¢ 4.7 GE 1852¢
8/i/52 21.8 44 0.12 Soldat 1952 34 GE 1952
9155 124 56 013 Soldat 19521 26 GE 19520
10/1/52 4.1 20 .16 Soldat 1952 24 GE 19524
11152 3.6 Lo 0.13 Soldat 1952 20 GE 19524
1211452 120 28 0.1l Soldat 1932 1.6 GE 19524
153 8.1 49 0.15 GE 1953 1.6 GE 1553a
21153 2.1 15 0.14 GE 1953 14 GE 19533
3/1/53 5.1 1.2 017 Keens 19432 20 GE 1953
4/1/53 16,5 4.4 0.17 Keene 19535 29 GE, 19530
511453 132 139 0.12 Keene-19530 30 OE 19530
o133 17.9 1.2 0.13 Keane 19534 114 GE 1953b
111453 389 31 Q.15 Keene 1953 47 GE 1953¢
8/1/53 15.8 i1y 0.13 Keeoe 1953f 34 GE 1953¢
91453 152 24 015 Keene 1953¢ 28.3 GE 1953¢
1071453 257 47 0.13 Keene 1953h 7.1 GE 19534
11/1/53 7.2 14 0.20 Keane 19531 20 GE 19534
12053 13.6 L. 015 Eecne 1953 1.6 GE {953d
11154 19.6 135 014 Keene 13542 LK GE 19343
271154 45 03 4.13. Keenac 1954b 14 GE 1954a
34154 8.5 51 0.17 Keene 1954¢ 119 GE 19545
411154 48 2.7 017 Donelson 1954 29 GE 1954b
M54 114 14 &l Keens 19544 30 GE 1954h
&/1/54 6.7 08 013 Kedne 1954 57 GE 1954b
US54 28 04 Q.13 Eeene 1954F 4.7 GE 1954c
81/54 3.7 24 0.2 Keens 19545 3.4 GE 1954c
9/1/54 6.9 32 0212 Kecoe [954% 26 GE 1954
1001154 99 is 013 Keens 19541 24 GE 1954d
1111154 2.1 29 iz Kezge 1954§ 50 GE 1954d
121454 R 1o 0.4 Keege 1955 1.6 GE 19544
1/1/55 25 43 015 Keena 19555 16 GE 18352
21155 9.5 438 013 Keene 1955¢ 14 GE 1955
355 2L5. 244 0.14 Keene 19554 4.0 * GE 1955a.
471155 3.5 37 c.13 Keege 1955 88 GE 193553
. 51/55 3.0 28 .13 Kesne 1955f a0 GE 1955b
61155 40 18 815 Keene 1955g a7, GE 1955b
TILSS 35 38 017 Keene 19558 47 GE 19055¢
8/1/55 20 14 (1N -3 Eeene 1955 34 GE 1935¢
971455 78 36 S Q4 Kecoe 1955 24 GE 1955
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Table 1. Continued.
Mean of Mean of Stack Mean of
Hesh's estimats based  ponnitoding estimate
ariginal on stack coefficiont Primary based on sir Primary reference
estimate monjtoring of refecence for ‘monitoring for amosphetic
Montl¥ear  (TByg/month) {TBg/month) variation stack esiimats {TBg/month} rsonitoring data
1071555 68 T 23 M 5 &1 Keene 1935K 24 GEB 19554
1141435 03 10 0.15 Keops 19951 Z0 GE 1955d
1271455 23 05 0.15 GE 19562 16 GE 19554
111656 0.6 0z 034 GE 1956f 16 GE 1956a
211156 16 08 6.12 GE 1956g 14 GE 1956a
356 04 .07 0.16 GE 1956h 20 GE 1956a
418156 8.3 27 0.15 GE 1956i 59 GE 1956b
5f1436 23 i3 0.16 GE 1956} 30 GE 19566
61156 21 50 0.i6 GE 1956k 517 GE 1936b
U6 0.2 03 Q.15 GE 1956L 4.7 GE 1956c
811136 0.1 02 0.7 GE 1956m 34 GE 1956c
91156 02 0.8 0.16 GEH 1956n 26 GE 1956c
11456 6.1 03 0.16 GE 19560 24 GE 1956d
111556 05 22 0.18 GE 1956p 20 GE 19564
1211456 18 54 0.16 GE 1952 16 GE 19564
M5 04 1.7 0.i6 GE 1957 1.6 GE 19572
20457 0.5 21 0.15 GE 1957 14 GE 19572
. EVYCY] 03 L7 .18 GE 185Th 20 GE 1957
7 41157 10 18 020 GE 1957 29 GE 1957
F 511457 0.8 09 016 GE 1957 39 GE 1957
X Gns5T 0.5 046 017 OF 1957k 400 GE 1957
ULIST 12 27 0.17 GE K5 47 GE 195%¢
857 W 16 0.19 GE 1957m T34 GE 1957
81457 21 03 0.16 GE 195Tn 26 GE 195%
1St 2.7 06 0.16 GE 195% 9.5 © GE 1951d
HEFH57 43 19 0.18 GE 195% 29 GE 1951d
121452 7.9 15 .16 GE 19582 a7 GE 19574
11458 31 12 0.16 GE 1958 337 GE 19591
H1/58 147 23 . 06 GE 1958: 34 GE 1959L
3158 9.2 59 0.46 GE 19584 48 GE 1959
471158 72 20 0.16 GE 1938¢ 10 GE 19591
571458 126 16 0.16 GE 1958f 21 GE 1955
61458 4.1 - 1O 0.16 GE 1958 13.7 GE 1959L
M58 41 07 0.16 GE 1958k 113 GE 1959L
81158 27 Lo 0.16 GE 1958 . 8.} GE 1950L
911458 3.2 25 0.16 GE 1958 62 GE 1959
11458 0.7 .13 0.16 GE 1958k 57 GE 19580
3 11558 L4 26 0.16 . GE 1958L 4.8 GE 1959L,
121758 11 04 a.is GE 19582 337 GE i56(m
. 12459 09 02 0.16 GE 195% 52 GE 1960m
- H1/59 0.5 1.0 0.16 0K 1959 ~ 2.2 GE 1960m .
: 301759 07 07 0.16 GE 1959 1.2 GE 1560m &
: AL/59 0.5 15 0.16 GE 195% - 19 GE 1960m
i SIS0 0.7 18 0.16 GE 1959F 09 GE 1960m N
611459 13 13 0.16 GE 1959 09 GE 1960m :
HISY 0.4 01 0.16 GE 195%¢ X GE 1960m
1 B11/59 12 1.1 8.16 GE 1955h 14 GE 1960m
' 91750 18 1.0 0.16 GE 19581 o1 GE 1960m
101159 09 12 0.16 GE 1939 13 GE 1960m
11/1/59 0.7 13 0.16 GE 1939k 1.6 GE 1960m
- KNUS8 1.0 17 0.16 GE 19662 09 GE 1960m
1t 11760 35 1.8 0.16 GE 19600 22 GE 196tm
. 2180 10 Lo 0.16 GE 1960c 0.s GE 196im
i 3160 "2 03 0.16 GE 19604 04 GE 1961m
e . 411760 04 11 0.16 GE 19602 2.7 GE 1961m
511060 a.5 1.0 0.16 GE 1966f ~ 03 GE 196tm
61760 ol a3 . 0.16 GE 1960 09 GE 196lm |
. . 1460 0.6 42 0.16 GE 1960k 0.7 OE 1961m
il /1460 25 26 0.16 GE 1960 0.9 GE 196im
. 911460 0.2 - 27 .16 GE 1960 15 . GE 196im
: 1071460 0.0 03 0.16 GE 1960k a7 GE 1961m
i 1160 05 12 0.16 GE 1960L 02 GE 196Im
121560 14 20 0.16 GE 19612 04 GE 196lm
P W16l 04 iz 0.16 GE 1961b _ - 05 GE 1962
fu Uifsl 05 o7 006  GEI%ic 0.2 GE 1962m
i 3161 0.5 12, 0.16 GE 196id 0.3 GE 1962m
. 4n51 or . 10 Q.16 GE 1961 04 GE 1980w
S/ 03 12 {16 GE 1961 S X GE 1862m
61761 o5 14 0.16 GE 1961g 0.8 GE 1962m

HiE) (1] 10 0.16 GE 1961k 04 GE 1962m
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Table 1. Continued, i
Mean of Mean of Stack Mean of
Hech's estimmats hased mnnimﬁng satimate
original on stack coefficieat Primary besed op air Pﬂmary raference |
estimate ftog) of reference for monitoring for atmospharic |
Month/Yoar (FBg/month) YBa/ Yariation stack estimate (TBg/month) wonitodng data |
Biii6] 05 16 016 OB e as GE 1962m M
o161 04 12 .08 . . GEiSsY - . . g2 GE 1963m
W e 167161 as 12 6.16 GE 1961k 17 GB 1962m
171461 07 10 G.16 GE 1861L 0.5 GE 1962m
12/1/61 00 04 016 GE 1962a 0.6 GE 1962m
1162 0.6 85 @16 GE 1952, . 0.6 GE Baim
1163 0.4 0.4 0.16 GE 1962 0.5 GE 1963m
31762 0.1 03 (AT GE 19624 0.2 GE 1983m )
41762 2% g3 23 8,16 GE 1362¢ 12 GE 1963m ) i
shia2 11072 0.1 0l QE 19621 02 GE 1963m -
&6 2% 1972 0.1 816 GE 1962g 12 GE 1363m il
/i1 7%10™ 04 0.16 GE 1952h 0.7 GE 1963m S
8saz 4X 1672 04 - 0l GE 1962 11 QE 1963m b
91162 03 12 0.16 GE 1962 42 GE 1963m ; i
18/1/62 2% 1072 0.2 0.16 GB 1952k 0.6 GB 1963m L
1a/s62 2x 107 62 0.16 GE 19621 10 GE 1963m :
L2ye2 02 0.5 0.16 GE 1963a 11 GE 1963m
171463 2% 02 0.16 GE 1963 64 GE 1954m : ,
2163 1% o ol 016 GE 1963 01 GE 1964m
3163 Sx1gr . g2 .15 GE 1963d 03 OB 1964m S
41463 6% 107 03 8,16 GH 19630 03 GE 1964m -
5ni63 Sx 0.2 616 GE 1963 g2 GE 1964m T
6/1/63 6. 08 0.16 GE 19635 L5 GE 1964m :
1463 9 X147 03 0.16 GE 1953;1 0.3 GE 1964m ”‘
8/1/63 1x197 0.2 0.16 GE 1953 02 GE 1264m
91763 3.0 37 a.i6 GE 1963j 22 GE 1964m '
1011763 1x1g7? 03 0.16 GE 1963k 05 GE 1964in
1171463 7% 0.3 0.16 GE 1963L 0.1 GE H64m '
121163 2% 107 0.6 0.6 GE 19542 0.2 GE 1964m
= Coinsd %1072 01 0.16 GE 1964b 03 PNL 1965 i
21/64 4x107 . 0.1 Q16 GE 1964c 0.1 PNL 1965
364 3Ix gt 43 0.15 GE 1864d 6.4 PNL, 1965
41164 3 %1072 0.2 616 GE 1964 0.6 PNL 1965
50464 6% 197 04 0.t6 GE 19641 07 PNL 1965
6/1/64 5% 167 6.5 0.16 GE 1964g 0.5 PNL 1965
164 2x 10 8.2 0.16 GE 1964k 0o . PNL 1965 ‘
8lirs4 0.1 6.4 0.16 GE 1964 0.8 PNL 1965 )
9164 i 04 a.16 GE 1964 0.3 PNL 1965 i
10164 0.1 0.6 0.16 GE 1964k i) PNL 1965 Efe
k4 9x 19 0. .. 06 .GBISSH. . - g4 " PNL'IS&S Eol
- . 1 7x10 01 0.16 GE 1955a 0.6 PNL 1965 P
1165 6197 0.0 0.16 GE 19555 0.0 PNL 1985 :
265 6x 107 0.1 0.16 GE 1965¢ 0.1 PHL 1966 ..
3465 © 2x 1072 04 0.16 GE 1965d 8.2 PML. 1966 f Z
401765 3 X% 107? 0.6 0.1§ GE 1965¢ 0.6 PHL 1966 -
51185 02 0.7 016 GE 1965f 0.3 PNL 1966 3
611165 6% 10”2 05 016 GE 1965 29 PNL 1966
1565 4% 107 02 0.}6 GE wssh 14 PNL 1966
8/1165 Ixg? 00 C.i6 GE 1965 63 PNL 1956
5/1/65 §X 10 ol .16 GE 1965 03 PHL 1966
101785 5x 167 05 0.16 GE 1965k 86 PHL 1958 .
11/1/65 4x 10 0. 0.16 GE 1965L, 65 - EHL 1965 ) L
121485 6% 107 0.2 0.i6 GE 1966 82 . PNL 1966 L}
111566 R 03 0.16 1SOCHEM 1966s a1 PHL 1957 :
21166 8x 107 0.2 .16 ISOCHEM 1965h 14 PHE 1967 i
3/1/566 2x 107t 03 0.16 ISOCHEM 1966e 0.0 PHL 1567 :
471466 7X 107 0.5 0.15 ISOCHEM 19664 0.1 PML 1967 g
571156 4% 108 2 X 107 0.16 ISOCHEM 19662 03 PHNL 1967 Lol
6/1/66 03 6X 107 016  TSOCHEM 1966f 05 PNL 1967 i1
711166 7% 107t X107 016 ISOCHEM 1966g 09 PNL 1957 T
8/1/66 9 x 167 9% 1o~ 0.i6 ISOCHEM 1966h 02 PNL 1967 ¢
T onss 2% 103 ix4072 o156 ISOCHENM 1966 0.0 FRL 1967 .
W66 - 2x 2 0.6 0.16 IS0CHEM 1966) 0o FNL 1967 1
1171766 gax 10t 6.2 0.16 ISOCHEM 1966% a2 - PNL 1967 el
- 121166 R dling 1x1p? 016 ISOCHEM 19872 0.0 PNL'1967 :
11167 1x 1072 2.5 Q.16 ISOCHEM 19670 ez - PHL 1959 3
21167 6167 .02 816 ISOCHEM 1957 0.1 PHL 1959
3157 X107 9x 1 06 ISGCHEM 19674 or PNI, 1960 8
471167 IX W X107 . g6 ISQCHEM 1967¢ 06 -PNL 1969 : i
511167 2% 10 0.2 016 ISGCHEM 1967F 08 PHL 1960 :
R 2
3
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Tahle 1. Contioued.
Mezn of Mean of Stack Mean of
Heeb's cstimalebused  mogitoring sslifaats

MonthfYear . (Elg/montt)  (TBgfpoptn) | witikon
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61167 1 X1 SX e 816
6T Tx 10 2% 197 @16
BAL6T 9% 1% 9% 192 0.16
DHIGT IX107° gx 1072 .16
10167 2% 1075 6x 107 0.i6
H/L6T Ixge 3107 .16
Y211467 1 X0 sxw? .16
11468 3% 107 1x10 o016
2/1/58 2% gt ix1e”? 416
3168 7x 1078 3IXI? G.18
41/68 4% 19 0.1 016
S1u68 8x 107 2% 161 66
6116k 5% 107 1107 0.16
68 4 %1677 2K 10 0.16
8RG8 2% 07 6% 1072 0.36
911768 1x 1675 8 x 1073 0.16
10/1/68 2% 10™ 3% 107 0.6
111468 ISl X107 (.16
1211768 gxim? 4 1072 0.16
114169 1% 1078 IX 102 0.16
2169 2x1p°t 1 x W 0.16
310 Ix 10k o x 0™ 0.16
A1iEs 4% 107 2% 1677 0.16
51165 gxigH 1% 3072 0.16
61769 1% 1078 531072 0.16
TG 2% 1078 1x 0™ 0.16
8/1/69 P X3t 1% 107 0.16
941769 2% 107 7% 0™ 016
101/58 6x 197t 2X107% 0.16
1141469 1% 107t 5% 197 0.i6
12/1/69 2xi0® 1% 10 016
11170 5% 189 2x107 016
2120 4X 18 1x 1073 0.i6
anno £x 107% 6x 10t G.16
ANT6 3% 1077 EX 10 0.16
510 9x10™° Iix il 0.16
I TE(] g 5% 16 (1311
FHR 1] 1 %1ig™ 016
B0 0 2 X 1077 0.16
91170 0 B X 10 ais
107170 9 ix107 0.1
1341770 ¢ ix1673 0.16
1T 0 gx 1072 a.16
1 [} §x10™ 0.16
2178 0 6% 107¢ 016
311T) 1% W 6% 10 0.16
4annt gx 1™ gx ot 0.16
51471 3x o TX W0 0.26
6N IX 1078 1X 107 016
{iTei! X ax 0 0.16
BT 7X 107" 1X507 0.16
iy 9% 107" &% 107 016
107171 0 g x 0™ 0.16
i ] X 0.16
127 8 X167 0.16

ISOCHENM igg% 14
ISOCHEM 1967 03
PN 1988 0.
PNL1968 42
P 104R (143
PHL 1968 0.t
ARHECO 1969 0.2
ARHOO 1963 03
ARHCO 1969 0.7
ARHCO 1969 Q3
ARHCO 1969 0.6
ARMCO 1969 09
ARHCG 1569 LA PNL 19702
ARECO 1969 00 FNL 1970a
ARHCO 1969 0. PNL 1570a
ARHCO 1969 0.5 . PNL 19702
ARHCO 1969 0l PHEL 19702
ARHCO 1969 18] PNEL 19702
ARHCO 1970 00 PNL 1970b
ARHCO 1570 08 PHL 1970b
ARHCC 1970 0o PNL 1570b
ARHCO 1970 0.0 PNL i970
ARHCO 1970 0.0 PHL 3970b
ARHCO 1970 ag PNL 1970b
ARHCO 1970 0.7 PHL 1970b
ARNICO 1970 0.0 PHNL 1970b
ARHCO 1970 0.1 PNL 19705 -
ARHCO 1970 a1 PNL 1970b
ARHCO 1970 0.1 PHL 19700
ARHCO 1570 0.1 PNL 1970b
ARHCG 1971 0.0 PHL 1973
ARHCO 1971 00 PHNL. 1973

" ARHCO 1974 131 PHL 1973
ARHCO 197 0.0 PN 1973
ARHCO 1971 0.0 PNL 1973
ARBLO 197] 0o PNL 1973
ARHCO 191 L3 FNL 1973
ARHCO 1571 0.0 PNL 1973
ARHCO 1971 23 PNL 1973
ARHCO 1971 - 22 PHL 1973
ARHCO 1971 1.0 PNL 1973
ARHCO 1971 00 PML 1§73
ARHCO 1972 0.0 PNL 1872
ARHCO 1972 00 PNL 1972
ARHCO 1972 00 PNL 1972
ARHCO 1972 48 PNL 1972
ARHCO 1972 18 PNL 1972
ARHCO 1972 49 PNL 1972
ARHCO 1972 . 0 PNL 1572 |
ARHCO 1972 0 PHL 1972
.ARHCO 1972 0 PNL 1972
ARHCO 1972 0 PNL 1972
ARHCO 1972 0 PHL 1572
ARHCO 1972 ¢ PMNL 1972

They were intended as a system for occasional spot
checks, rather than routine monitoring, and were only
infrequently uszd. The original system comsisted of a

stack gas sampling line originating at the 15-m (50-foof) -
elevation of the stacks. The sample was bubbled through

a sodium carbonate solution and the radioactivity of the

B T L i PUP AR S-S E,

Irmimatlan abnmbae in dhe

middie of a coil of mbing containing the sodium carbon-
ate solution. The chamber corrent (amperes) was then
convetted to quantity of fodine. Enowledge of the stack-
gas flow and sample line flow allowed inference of the
amount of jodine going up the stack (FHeeb 1994). In
January and February 1945, the initial stack ‘monitoring

aminmant in the 20T Ruitding wae foannd ta he

e
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existing calibration factor for this equipment was. “ow
by a factor of 500, amd it was adjusied in March,
Although new tests revealed Corretations within a faetor
of three, the equipment was ot considered reliable, snd

its vse was. abandoned op 4 Tontide basis in Jupe 1045

{DuPont 1946).

Band T Plants, 1956
Repeated monj toring of the stack Bases was resumed
at T Plaot on 30 August 1950, The monthly reports of
IE. Soldat (19502, b) indicate fhat & total of 12 mea-
Surements were made in August through September 1950
the 15-m (50-foot) level of the T Plant stack. Ag
additional 17 measurements were made in Qctober ang 7
in December (Soldat 1950c, 4; 19514). These meagure-

reaciors, while the wager scrubbers wege ip Operation,
Most of the measurements were intentionally made
during dissolver Operation, and sampling continued for ag
long as fuel wag being dissolved, The apparafus included
an air pump (an air-fow-rate recorder was added afiey
the second sample was taken), a filter, and a caustic
scrubber. The iodige captured on the filter and jy the
Scrubber solution was comrelatad with the flow rates of
the sampler ang stack to obtain the amount released,
Tests indicated tha; ost of the activity was'accumulated
in the serubber solution, and that what was on the filter
edia was predominantly B ag weyy, It is noted that
“work on the stack gas problem will be continved so that
a much data as possible will be available before the
Silver reactors are mstalled” {Soldat 1950a).

These measurements, in themselves, are insufficient
for estimating releages because not al} fuej dissolvings
are represented, and additional releases would have beeg
Cxpected during periods between dissolvings from the
balance of the plant. However, the measurements do give
an idea of the release fraction from the bismuth-
phosphate process plants prior to the installation of the
sitver reactors. In raw form, the measnrements indicate a
mean daily release faclor of about 0.14 for the period,
standard deviation 0] I, geometric mean 0.085, and
geometric standard deviation of about 2. This may be
commpared to Heeb's central valye of 0.25. Note that the
uncerfainty of the monihly values will be loss than the
variability of the daily values becanse of averaging.

A number of factors must be considered when
deriving a release fraction from this data. The apparatys
used would not capture iodine in ap ciganic chemjca]
form. The sarnpling line had variability in the flow ates,
Thereisa possibility that iodine would “plate out” op the
walls of the sampling pipe, The radiocheipica) analyses

of the filter and canstie solution had some variability,
Becanse the’ measurements tended 1o be for & period
associated with the dissolving operations, there may he
28 additional amount of jodine that was teleased later
from the balance of the operations, afier the sampler had
be¢n mmed.off - Conversely, there misy slso have been
iodine released from the rest of the plant during the
dissolving that was atimbuted to the dissolver, Bach of

triangular distribution of minimum 1.8, most likely value
L1, maximum of 13 has been assigned, Uncertainty

2.
Schwendiman (1 954) reports that the Bas flow rates
in the sampling system were recorded and maintained
within 20% of the nominal flow rate, Therefore, an
uncertainty factor with 5 triangular distibution of mini~
mum 0.8, most likely value of 1.0, maximum 1.2 hag
been assigned. See Table 2 . )
A detailed analysis of the potéatiaj for iodine to be
trapped in the sampling line was performed by McCoe-
mack (1962). MecCormack's analyses were made in pairs

Table 2. Uncestainty factars jn 19 measurements (all are dimey-
sionlegs maltipliers).

Distribution Centeal
Factor type  Muimum  valne Muaximom
Costection for organje 1 -
fraction

B&T Plgts Trangalr 19 L1 12

REDOX Trimgder 19 £ 12

PUREX Tiangulr 1, 13 LS

Air sampler Uniform 04 0.6
Sampling gas flow rate Yrangular 08 Lo 12
Sempling lin losses Uniform Lo 1
Apalytiea} variability
. B&Y plans Trangutar g8 ‘LG 12

REDOX & PUREX . Tdaggular g5 1o 115

Alr sampler i Tdeguler 03 - g 12
Collection completeness Trieoguar 092 10 1075
Sampler availability -

B&T plants Uniform 10 12

REDOX & PUREY Uniform 18 1.1

Afr sampley | * ‘Triangular 075 1.0 123
Reporting peciod Uniforg

og L2

factors for stacl mEasurements are summarized in Tabje
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of sampling fipes of different lengths at REDOX ang
PUREX. He fonng abouta 10 0 12% difference hetween
the lines, byt the higher transmission came throngh the
longer lines. His conclosion was that “In view of the
small differences in the iodine concentrations g the gas
samples for the rather different paits of sampling sys-
texms; it is concluded that 1éntion of gaseous 1Y in the
sampling piping is of minor importance.™ A smalf cor-
Tection factor with g vniform distribution befween 1.0
and 1.1 has beep assigned. See Table 2.

Schwendimag (1954) reports that “Analytical meth-
0ds and covnting corrections for "I can be expected 1o
give core values withiy 210-15% of the fue concen-
tration in the scrubber solution.” However, iy the same
discussion, Schwendiman alsg discusses the increage in
uncertainty cauged by the accasiona presence of mthe-
nium isotopes, Therefore, a triangylar Uncertainty distri-
bution with minimum 0.8, most Likely value of 1.0, and
maximum of 1.2 has peer assigned. See Tahle 2.

tion, However, some of them were made when no
dissolving was Occurring, and others may have beep
nade soon afier g prior dissolving. Heep (1994) deter-

and a 5- to 95-perceniil. range of 0.11 to 023, Alihough
it overlaps Heeb's result, this js slightly lower than
Heeb's assignment of 0.25, with 3 5. o 95-percentile
range of 0.21 to 0,29,

The monthly releases from B and T Plants can be
estimated using thig release factor and the iodine
throughpat in these facilj ties produced by Heeb’s reactor

'AumszVOMmsz.Nmbaz

length of time sigee discharge from reactor, and uncer-
tainties-ip spectrum-averaged cross section (Hesb 1994)
are also considered, The Tevised meap esti colvimn
3 of Table 1, are compared with Heeb’s {i994) original
estimates [as corected by Napier (199931 column 2 of
Table 1. The coefficient of ‘vagiation (the stendard devi-

T Plant, Janugry-September 1953
The releases in the year 1951 require paniicular

1951 placed their efficiency rate for By Temoval at
99.9%. Although they were not positioned to entrap the
swall portion (5 to 10%) of 1 thay escaped From the
p]ntonium—bearing solutions in the plants after the dis.
solving phase, sitver Feacior performance wag S0 encopr-
aging overall that the decay time between irradiation apd
dissolving (called metal cooling times at Hauford) were
dropped from 80 to 90 g 1o 67 d in mid February. Decay
periods were lowered further in March, and then de-
creased (0 an average of only 48 d in Apri, During thege
months, the average emission Jeve] for ™ hovered
between 2 tp 5% of that which wag evolved in the
dissolver cells. In late April, bowever, 3 “material change
in the efficiency of the sitver Feaclor” was reported, By
mid May, with cooling times ranging between 44 (o 33
days, the fraction of evolved 'f that was released to the
atmosphere greatly Increased; in ope dissolving, 349

whether ™I evolution coyid pe suppressed by the addj-
tion of mercury to the metal dissolving solution. How-
ever, by late July, the silver reactor filters were reported
(o be “easily saturated™ and “foiling.” The filters ip
T-Plant were feplaced when they overheated, and again
showed good results. However, in view of the overal]
performance record of the silver reactor filters, metal
cooling periods were again lengthiened (Gerber 1599),
Soldat continued monitoring in T Plant, taking
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described by a Jognormal distribution; the standarg de-
viations are also Provided in Table 3. can be seen that

. ‘Heeb’s estimates are simjlar to those derived here, Ag

€xception is for the month of July; the values reported in
Paaz and Soldat {1951) ouly consider the firs 3 wk of the
month [j.e., through Soidats Taly monthiy report (Soldat

discassad above; it cag also be scen that the. actual
releases in August 195} Were somewhat lower thay this
estimate,

basically unchanged throngh the satly 1970°s (Sch-
wendiman 1954; MeCormack 1962). The equipment
alloweg essentially continuous monitoring 1o be per-
formed,

Table 3. Monthly release fractions derived for T Plant

Revised

Heed's

Moath in 195} . estimate  Refsass faaction  Syd, deviation
Jauary | 0.01 0.0076 . 0.0029
February 0.01 0.0214 0.0050-
March 0.02 00172 0.0085
Apiil 0.05 0.0504 0.0167
May 0.112 0.167 080373
June 0.125 0.235 0.0532

. duly 0.12 0.074 0.0458 |
Augugt 6.0339 0.0014 0.0009
Scptember 0.0339 4088 6.0024

—_—

B Playt, January-September 1951

Measurements were nat begun in the B Plagy stack
until Septamber 1951, but the siiver TeACtors were oper-
ational beginning in Janmary 1951 Thus, no measuge-

. may be
ary between 99 and 99,99, (Blasewitz, ang
Jadson 1951), Using the vales and uncertaip ranges
discassed above of fraction volatilized in the dissolver,
released in the remainder of fhe plant, and passing
through the sand filier With this range of efficiency of
silver reactor, a releage factor of 0.044 (5t0 95 Percentile

Soldat made the first measurements in the B Plant
stack in September 1951 They comesponded with a
partial failure of the silver Teactor in cell 45-1-B. Boty
silver Teaclors were regenerated during September, and’

* the releases were rednced, Because of this knowy upset,

a release factor analogous (o those used for 1950 wag
developed for September 195} for T Plant. Using the
same uncertainty corrections, 2 lognommal distribution

Tand B Plants, Octobey 1951—Shatdown
Beginning with hig October 1951 monthly report,
Soldat (1951g) stopped reporting the sults of the

individual stack monitoring runs, At this time, his mea-

The B Planf ceased fuei»pa-ﬁccssing Operations after Jupe
of 1952, T Plant confimued Processing fire} npejy Jannary
1956. For nearly thig entire period ¢he Hanford Site
monthly reports ate cozvobarated (ang enhanced). by a

.
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and later REDO » OT provides sufficient infor o

Taation {o deduce them, .. POREYX ang REDOX, Jaunary 1956—-Shutéom|
While the faonitored rejegses way be nged fp egf..- The PUREX Plant wsed 5 Countercumren; solvent

mate the soppee term, the uncertaintics in ghe monitored extraction with less hazardous materials thay

variability, plate-gy; in sampling lines, ang variability in and Perking (1967) messnred the ratio of organic o
radiochemical analysis. Fo, montkly analyses, there js ap inorganic ™Y in the geacy Bases; they found that the rafipg
additiona} Uncertainty addeg by moniforing systam reli- vatied from (.12 ¢4 147 over a 204 period. Thig
ability; the Squipment may por bave beep functionjng corresponds to organie Tractions between 1} and 60%.

included the releases of the last fow days of the Preceding oo releases with g triangujar distribution, minimum
month and excludey the last few days of the current L1, mode 1.3, and maximing 1.5 g been applied 1g g
month. This fag wag caused by the length of fime PUREX Measurements. See Tabis 2. Using the same
required to collegt, fransport, process, apd repoit the additiona] URcertainty factors g5 applied at REDOX, this
iodive iy the caustic solution from the sampler, A higher organic multiplier gives a5 overzaf] uncertainty
month-to-month adjustment of upto6d (measurements multiplier for PUREX wisy mean/median of 1 4 and 95

to 1.2 has beep infroduced, See Table 2. With thege 1955, and the ability to resolve the separate Contributors
multipliers, a stochasgie uneerainty factor with mean/ 0 B2 t0tal™ T stack refeases i lost from the Hauford Sige
Jmedian of 1.25.and 95 berceniile range of from 0.7 to2.2 monthly reports after July of 1956, Therefore, becapse
results. This hag beeq applied Independendy ¢ g Plant  the PUREX Uncertaiuty is larger thag that for REDOX,
and T Plant repoped feleases. The estipated releases of the PUREX uncertainty range hag been applied 1o gy g
1 are reported i Table I, subsequent monghs, |
The REDOX Plant ceased digsolving Operations in
November 1966, ang PUREX closed in early 1972, 4
REDOX, Jan-ua:y 1952 through January 1956 brief PUREX mm of aged N Reactor fie) occurred in the
The sampling system installed ju the REDOX Sk mid-1980's, by he 1 releases from that campaign were
Was essentially jdenticaj to that in B apd 7 Plants negligible becange the fue] wag Many years old,

temporary equipment (Soldat 1952a)]. The releases TEe- through 1957 was directly caleulateq Irom stochastic
ported by Soldat, Keene, and the Site monthly Teports are caleulations for each month. Becauss al].of the uncer-
generally consistent, The uncertainties assigned fo the tainty factorg remaiy unchanged, the coefficlent of vay.-
Teported yalues are similar 1o those described aboye for T atigy should be congtane. The valne assigned for fhe
and B Plants, with sgme exceptions. Becayse the equip- Temaining months, 0.16, is the average of this period.
Menl was newer and ingtalleg expressly for moniforing  The monthly refeages ang coefficients of variation from
the stack, the down fime correctign ranges from 1 o 1.} 1958 throngh 1971 ape Incloded in Tapje 1

(up to 3 days/month Unavaiiable), Also, because the For all monghg of Hanforg feprocessing oparations
process had been Standardized, (he vagiability in chemi- between January 1950 theongh initia] shutdown in 1972,
cal analyses 5 asstmed fo e somewhat less, with &  _ibe releageg estimated by Heah Are compared with those ‘
trianguiar distribution rarging from 0.35 ¢o 1.15 (based derived from the stack monitoring dats i, Table 1. The
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same results annualized are preseated in Fig. 3. From
Fig. 3, it is apparent that Heeb's muodeled relerse frac-
tions tended to overestimate the relesses in the period

from 1952 fiwongh 1954, For this period, Heeb wag asing |

a release fraction for the REDOX facility that was based
on Warren's {1961) zeporis of REDOX operaions- in
1959-1960. For this pediod, it was acknowledged that
the REDOX silver reaciors “ were not up to design
specifications nor to previously demonstrated valnes”
{Wamren 1961). From the stack mogitoring data, it is
apparent that use of the release fractions hased on the
degraded performance was overly conservative, and the
releases were actually lower than Heeb's estimates.
However, it is also apparest from Fig. 3 that Hest's
estimates for the 1960°s were underestimates. The re-
leases in the 1960°s wers primarily from the PUREX
plant. The silver reactors worked so well in the PUREX
Pplant that most of the releases resulied from malfanctions
and process upsets; this type of release is not included in
the Heebh model, Fortenately, the releases in the 1060°s
were very Jow in comparison to the earlier years, and
even a relatively large fractional increase in the source
term is small ju the absolute sense,

VERIFICATION WITH ATMOSPHERIC
MONITORING DATA

A method of checking the reasonableness of the
total release estimates is to compare environmental
concenirations predicted using them with the actual
measurerents made in the environment in 1950°s and
1960%s. From 1948 throngh 1957 (GE 1548 through GE

10000
-~ &1 {EDR Estimatg
—k— from Stack Mor;i!oring Data
1600 —YT
.
8 »
§. 100 <
g
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h..."'". \
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1949 1954 1950 g4  1oso

Year.
Fig. 3. Comparison of releases of ™ fiom Hanford as caleulated
by Beeb {and corzected by Napler 1999} and estimated from stack
monitocing data,

19574d), the Hanford Site quarterly environmental moni-
tOHBE summaries report monthly average concentrations
of ™' in air at several jocations throughout the Hanford
vicinity. After.1958, the weekly or monthly valnes were
Teporied in the Hanford Site anpual monitoring reposts, A
eommion monitoring -Jocation is downtown Richland,
Washington—the city irmmediately adjacent to the songh-
east comer of the Site. A monitoring station was set up
ear the Atomic Energy Commission {AEC) headgnar-
ters. The location of be station is shown on Fig. 1.
Integrated samples were taken weekly -at this location
throughout the period of separations ‘processing,

The sampling device cousisted of an air pump
connected to a flow meter, a filter, and & container of
caustic solution. Generally, the beta’ radivactivity cap-
tured in the canstic scrabber solution was reported as Yy
This basic system rewained essentially unchanged until
the 1970°s (GE 1950a; Corley 1971).

Just as there are uncertaigties in the amount of BY
emitted from the stacks, there js uncertainty in the
amount of 'Y reported 1o be in the atmosphere. Jodine
exists in three general forms in the aimosphere; as
organic (slightly reactive) gases, as inorganic (reactive)
gases, and attached to aerosol particles. The monitoring
system only collected the gaseous fraction of the iodine
from the air in the scrubber solution. The fractions of
organic, elemental, and patticolate jodine in the air
samples are likely to be different than those emitted from
the stacks. In measurements made at Hanford, Ludwick
(1964) found that in the time it took primarily elemental
iodine-emitted from the stacks to'tiaveél 3,200 m, about
two-thirds of the jodine had changed form. Approxi-
mately one-third was in organic species, and another
third was associated with parficulate matesial. The parti-
tioning of iodine in Ludwick’s experiments is consistent
with the results of other measurements of iodine at the
Hanford Site (Ludwick 1967: Perkins 1963, 1964), with
{he partitioning of iodine in the plume following the
Cherobyl reactor accident (Aoyama et al. 1986; Bondi-
efli and Brantley 1986; Cambray et al. 1987; Mueck
1988), and with the partitioning of natural iodine in the
armosphere (Voilleque '1979). On the basis of these
references, a uniform distribution of the reactive gas
iodine fraction between 0.4 and 0.6 is assumed here,

- Other sampling uncertainties also exist. The flow
rafe of the sampler may have varied; this is assumed to
parallel the stack samgler with & variability of 20% of the
nominal flow rate. Therefore, an taocertainty factor with
a triangular distribution of minimmm 0.8, most Hkely
value of 1.0, magimum 1.2 has beeg assigned. Using
Schwendiman’s (1954) .report that “Analytical methods
aad counting corxections for ' ¢an be expected 10 give




wmonthly analyses, there is ap additiogal
added by moniloting system reliability; the equipment

- fay nat have-been fimctioning 1004, of the fime_ If the

sampler was not funcioning, it comig have missed

pexiods of bigh or low Concentation. A comection fagtor

with a tiangular uncertainty distibution with minimum
0.75, most likely vaiue of 1.0, and meaximum of 1.25 has
been assigned 1o this term {0 acconnt for thig possibility.
In addition, the pericd of time reported to be monifored
in the moanthly reports was for g reporting month, not a
calendar manth. Usually, the amount included the mea-
Surements of the tast few days of the preceding month
and excluded the lagt few days of the cumrent month, This
lag was causeg by the length of time required to collect,
transport, process, apd Teport the iodine in the caystic

measurements,

In order to compare the atmospheric. monitoring
results with the stack release estimates, the dilution and
dispersion in the atmosphere -must be considzred, The

-dispersion mode] RATCHET (Ramsdell et al. .[994) ias

used for the HEDR dose calculations, and 5 years” worth
of monthly caleulations age available, Ap atmospleric
dispersion factor for each of the 12 months of the year
was derived using the MEDR results, averaging the
annual varisbifities and variatiops in release rate. The
resuliing dispersion factors for releases from the Hanford
Separalions areas fravsported to the ceniral Richland
monitoring location are presented in Table 4, Dividing
the adjusted, measured air Concentrations by these values
provides an approximation of the teleass required to
result in that air copcentration. The central values of the
resulting required releases are compared to the adjusted

“The same resuits, annualized, are presented graphically
in Fig. 4. Note that uncertainties jn the dispession
measurement are not reflected ip the Fig. 4 resulis, The
atmospheric monitoring data appear o indicate higher
teleases in 1953 and 1957 throogh 1958; however, these
were periods of high {allout from above-ground nuclear
testing. Beyond about 1968, the releases were o small

Aungast 2062, Volme €3, Number 2

Table 4. Monthiy average atmospheric dispersion factors Em™
for Hanford 200 apea raleases ttanspuried to Richland. .

. Maath Dispersion factor
Ironary 13x15~*
Pebruary L3x 1078
Manh - IBX39F .
© Apl 66X 147
May &Fx
Fune 34 %3677
July N 423 x 107
-Adgost s x 10::
September TSx19
October 84 %100
November 9.6 x 167
Decergher 13 x 10
15000
~de~fom Stack Monitoring Daty

* ¥- from Atmospheric Monitoring Data

1800

100

10 1

Relpasa, TByfyear

o . J
1949 1954 t959 1884 1869
. Year

Fig 4. Comparison of releases of ! from Hanfged estimased from
stack monitoting datz and back-calculated from atmospheric mop-
itoring data, .

It is apparent that the two sets of resnlts are very
similar, Within the uncerizinties of the two gets of
ineasurements, the results are essentially equivalent, This
is demonstrated in Fig. S, which replicates the informg-
tion of Fig. 4 but includes fhe uncestainties in both setg of
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1962, However, these were years

of high global fallout

from amospheric weapons testing. The records from

each of these Periods indicates

that the atmospheric

<; 1956¢; 1957¢, d; 19501.; 1963:m),
In no case is there evidence that the stack maritor-

ing data Breatly underestimate

correspondence g very strong,
monitotiag data, In particular, the

the release of BY from the-
Hanford- Site, For the periods with ljgle fallout, the

DISCUSSION
The comments made about the HEDR source term

-by' the National Academy of Sciences are essentially .

correct. Analysis of the Iiistoriea]

stack monitoring data

and atmospheric monitog ug data indicate that the HEDR
estimates were tog high in the early 1950°s ang toa Iow
-in the 1960, However, the largest emissions from the
Hanford Site occamed in the pedod of 1945 through

1947, a tota of253 PBq (623,000
the total ™' emissions from all

Ci). The difference in
brocessing operations

Indicated here is from Heeb's original estimate of 282
FBg t0 273 PBq using the estimates based on stack
momitoring, a decrease of only 3%.

The Hanford Environmental Dose Reconstruction
Project used Heeb’s sonrce term to prepare radiation dose
esthmates for refes individuals. Annnal doses g5 an
adult at-Ringold, the off-site Iocation of highest dose, are
presented in Farrs e at. (1894, 1996). Thege calenlations
have been redane, using the apdated sonpee terms deveal-
Oped-for this paper. Plots of thesc doses calenlated with
the Heeb source term and with the stack monitoring

dose 10 a full-ime, adalg Ringold resident from 1 using
the Heeb source term {as corrected by Napier 1999) from
1950 through 1972 is 0.73 mSy; using the source ferm

Heeb’s source term for the period 1950 throngh 1953 the
dose s 0.65 mSv and for the stack monitoring source
term it is 0.45; the dose for the pesiod 1954 through 1957
is 0.05 mSv using the original source tesm and 0.03 mSy
using the stack roonitoring source term; the dose for the
period 1957 through 1972 is 0.02 mSv using the original
Source tenm and 0.03 mSy using the stack monitoring
source term., These dose differences follow the sonrce
term differences, with minor modifications resnlting
from crop growing season considerations,

The researchers of the Hanford Thyroid Disease
Study (HTDS}) have been provided with the soures fenn
derived from the stack monitoring data and the HEDR

CONCLUSION

This paper provides ag independent approach io
estimating the atmospheric releases of ' from Hanford
based .on historical stack measurements, with 2 separate
verification baged On.2tmospheric monitoring data from a
location several kilometers distant. The aimospheric
Yelease of "I from the Hanford site for the 1950°s and
1960°s has been re-cvaluated using processing plant
stack monitoring data. Th results are broadly compatibie

with previous estimaes (Heeb 1994; Anderson 1974) i

termas of overall magnimde and time trends but are based

- on 2 defajled review of a_ll available historica) data oq

emissions and measurement technology. The results have
been compared with additional bistmica[ dats degived
from yegional atranspheric Inonitoring Progoams, The
original ‘estimates (Heeb 199%; Napier 1999) were a

L
LR L

r——.
MALRLLMMNP G pat oy mate T

- v

g,y

it

L.

FTp——

[T P

1)




pa Bl

218 Health Physics

Telease of 246 = 0.71 PBq of ™I between 1950.and
1972. The stack monitoring resulis show a release of 24
to the atmosphere between 1950 and 1972 of 1.55 + 0.2

FBgq (41,900 =+ 6,360 Ci). The concurrent atmosphesic
monitoring results imply an ' release of 1.75 & 011

PBq (47,200 = 2,900 Ci) over the same period, bur this *

result is inflated by inclosion of global fallont. For the
key period of 1950 thorugh 1957 (the period of highest
releases after those of the mid-1940’s, and a perfod
included in ongoing epidemiclogical smdies), the sto-
chastic stack monitoring results indicate an 1 release of
146 = 0.23 PBq (39400 = 6,300 Ci), supported by
atmospheric monitoring results of 1.56 = 0.11 PBq
(42,300 = 2,900 Ci), compared 10 the original estimate
of 2.37 =+ 0.69 PBq (66,800 = 19,200 Ci).

The detailed evalvation of the releases from the
various separations facilities indicates that several of the
stmplifying asswmptions made by Heeb (1994) were
inappropriate. When these assumptions are replaced with
the actual measured releases, the estimate of the overall
magnimde of the releases is decreased in the period 1951
through 1954, and increased in the period 1961 through
1971. The early decrease is by a factor from 3 to 10, and
the laler increase is by a factor of from 3 to 1,000
However, because the releases in the earlier period are
much larger than the releases in the later pedod, the
overall result is that the souice lerm decreases from
Heeb’s estimate. The primary reason for the decrease is
that the release fraction applied by Heeb (1994) to B and
T Plants was derived from data taken at the REDOX
facility in 1959 trough 1960, and the operation of the

- cleanup systems at REDOX during that period was oot s

good as earlier operations bad achieved. The later in-
creases result because the primary causes of the release,
malfunctions and process upsets, were not inciuded in the
Heeb model.
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Swject  Hanford's Air Monitoring F"rogram from 1945-1955

Overview

Eva Mart wiole a summary, dated February 10, 1988, of the air monitoting equipment that
was used from 1945-1955 at Hanford. i addresses ionization chambers and air sampling
devices {filter units, caustic scrubbers, hatd pumps). {n the conclusions for each piece of
equipment, Eva explains why the data measured would not be valid. On a few, she concedes that
perhaps the alr data from that particular monitor couid be used to QA some other daia.
According 1o Mike Thiede, this is an important document because it shows why we dropped the
air data and concentrated on the vegetation instead.

The document is brief, well organized, and fairly well writlen. It has no page numbars for the
direct quotations, however. it would have io be QA'd,

Recommendation

| envision the summary environmental monitoring report (Milestone 0502C) to include a
discussion of why we siopped work on the air data and concentrated on vegetation. Eva's report

would be the perfect backup material & include in that summaty as an appendix. Tt_lat means for
this report | am fecommending the full-blown treatment because that is what we will be doing

for the 6502C summary report. - 'Y f-z_.f I =
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Date February 10, 15988
To - - ‘Fi }E oo

From

Subject Hanford's Ajr Monitoring Program From 1845 Yo 1955 -

A Compijation of Notes .

The air monitoring program at Hanford developed and changed from 1945 to 1855
as experience led to improved techniques. The air monitoring program
ctontained two basic types of monitors: ionization chambers and air samplers,
The air samplers consisted of filter devices or caustic scrubbers. This memo
discusses the basic types of monitors considering interpretation of 1317
levels from the data.

IONIZATION CHAMBERS

Environmental ionization chambers were used from the start and continued past
1955. They consisted of detachable chambers and integrans. The detachable
chambers included "W", "S*, and “C* types (as they designated them) and were
made at Hanford (Health Instrument Section 1946). The chambers were located
on specified outdoor stands, and later some were added to 614 Buildings. The
first integrons were installed in March 1945 {Health Instrement Group 1945},
The¥dwere)always located in the Environmental Monitoring Shacks (614
Buildings). :

The jonization chambers did not specifically monitor 131I. Moreover, the

detachable chambers measured general radiation levels coming from the air and
ground. Indeed, the™yround may have even been the major dose contributor, as
indicated by the followings - - ~ - - - - - .- - )

The Health Instrument Group report (1945) states that at each location
the readings on these chambers were due to ground contamination, not
from atmospheric radiation.

The first quarter 1946 report (Healy 1946b) states that the close
correlation between the decrease in readings over certain time periods
and the half life of 1311 indicate that a large portion of the reading
on those chambers comes from ground contamination and not from
atmospheric radiation. - .

Also, the integron units had considerable problems, especially at first.
They did not calibrate properly according to reports by Botsford (1945) and
the Health Instrument Group (1945), although a new amplifier design may have
-corrected this problem early (Botsford 1945). They were reported {Health
Initrument Group 1945) to be unreliable, often showing readings not due to
radiation.

) — 4014214
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Conclusions: .

assess airborne radioiodine Tevels, because they did not exclusively monitor
iodine, the ground may have been the major source, and the integrons had

Data from the integrons and detachable chambers cannot be reliably used to 2
considerabié problems.

AIR SAMPLING DEVICES

The air sampling devices consisted of filter units (including standard, dual,
Constant Iodine {CI} Units, and particulate), caustic scrubbers (including
portable ones}, Tittle suckers, and hand pumps (Healy 1945, Healy and
Gamertsfelder 1946, Singlevich and Paas 1949, anrd Paas and Singlevich 1951a).

A. Filter Units
A.1 Standard Filter Units

The first mention of filter units (in the literature reviewed) occurred in a
weekly Environs report for the week ending 2/6/46 {Health Instrument Group
1945). One filter unit was located offsite (in Richland): More filter units
were added with time. In February 1950, 15 filter units were in place, 3 of
which were offsite in Richland, Kennewick and Pasco (Paas and Singlevich
1950c). 1In December 1951, 20 units were in place, 6 of which were offsite in
North Richland, Richland, Kennewick, Pasco, Benton City and Riverland (Paas
1952a). In December 1955, 18 units were in place, 4 of which were offsite in
the 1100 Area, Pasco, Benton City and Riverland (Andersen and Soldat 1956a).

Rir was filtered through CWS #6 filter paper (1-1/2 inch asbestos disks,
(Healy et al. 1951) at a rate of 2 to 2.5 cfm (Paas 1054a,b). The filters
collected air for perjods of 1 day to’'l week (Paas and Singlevich 1850c, Paas
1952c) for a total volume approaching 20,000 cubic feet (Paas and Singlevich
1950¢). No mention is made of how accurately the ¢fm {and, thus, volume of
sampled air) was known. The only discussion on air flow is made regarding
particulate filters {in 6/51) which drew from 2 to 10 cfm. The following
statement was made (Paas and Singlevich 1951b):

"The volume of sampled air was accurately summed by placing running time
meters in series with the motor and using the total operating time along
with the pre-calibrated flow rate.®

Whether this was done with the regular air filters is not stated. The
filters were not counted until the radon and thoron daughters had decayed
several days (Paas and Singlevich 1950e}. Until 1847, the filters were
apparently counted directly. In 1948, the filters were anatyzed for total
beta activity by a nitric acid extraction (Healy 1948b). The filiers were
counted by the standard, 1-inch diameter, thin mica window GM detector, which
was in a lead pig (Healy 1947, 1948b; Paas and Singlevich 1951b)}, The filter
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‘was "counted on the first sheif about 1/8-inch below the counter. It was

placed on a card and covered with cellophane (Healy 1948b). The results were
corrected for decay {Turner 1947; Singlevich 1948b . back scatter from the
counting plate, absorption in the counter window, and geometry; but, not for
self absorption or self scatter {Healy 1948b).

Until June 1948, all of the activity was assumed to be from 1311 {Singlevich
1948b, Healy 1948a). This was supported by earlier studies. Early in 1946,
they had determined that asbestos paper absorbed 70% of 1311 {Healy 1946a).
However, in June 1948, an investigation indicated that the filters were only
3 - 4% efficient for 131%. Thus, they stated that (Healy 1948a):

"The activity listed for the air filters should be regarded as chiefly
the long lived activities discharged from the stack.®

This finding of low efficiency was later contradicted by decay curve studies

in March 1949 which indicated that an appreciable amount of iodine was
collected on the air filters (Singlevich 1949d). Data from 6 to 8 filters ‘
indicated that 80 to 95% of the activity was from 1311, Experimentation
followed. By 8/50 they had determined that, indeed, only § to 10% of 1311 ]
was retained by the filter (Paas and Singlevich 1950d).

A few mentions are made of how the filter data correlated with other data
{from scrubbers or vegetation). In one case the filter activity {for 3
areas) indicated greater activity than from the vegetation data (Turner
1947}. A couple mentions are made of the filter activity and scrubber
activity agreeing well (Paas and Singlevich 1950a; 1951a,b).

-

-Conclusions: - -

Data from filters cannot be reliably used to indicate airborne 1311 levels.
since they had a low iodine collection efficiency,

However, correlations of filter activity with vegetation and scrubber T TN
activity for the same time periods could potentially serve a QA function.
Such correlations could also potentially provide a better “overall" picture.
Ratios of scrubber results to filter results could potentiall{ be used to
estimate earlier 1311 contributions from the filter data, or 1311
contributions at locations where scrubbers were not found.

z

A.2 Dual Filter Units

Data from dual filter units is first provided for the first quarter of 1951
(Paas and Singlevich 1951b). The dual monitors vwere not described, nor the
analyses done. They were, however, operated at several locations for the
purposes of studying the rate of buildup and decay of beta emitters. Thus,
they provided a supplemental means of evaluating the activity seen on the
standard filters (Paas 1954a). The dual monitors were operated past
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December 1955 (Andersen and Soldat 1956a). A couple of the units were
- Tocated in Richland (Paas 1954a; Andersen and Soldat 1956a).

Conclusions: .

Not enough information is provided about the ogeration and analysis of the

dual filter units. They are not specific to 1311, and only two units were

}ocatfglgffsite. Thus, they are not of much use in assessing public doses
rom . ' :

A.3 Constant Iodine Monitoring Units

~  The first constant iodine (CI) monitor was installed cnsite {in the 3746
Building) in July 1945 (Healy 1945). In December of 1945, two additional CI
units were installed: in the 614 Building SE of the B-Plant stack and in
Benton City (Health Instrument Section 1946a). However, the monitor in
Benton City was not yet giving satisfactory service in December, 1945. By
May 1, 1946 another CI unit had been piaced in the 300 Area {with further
expansion contemplated) (Health Instrument Section 1946). In March of 1947,
five CI units were in operation (Gamertsfelder 1947a). In April of 1950, six
CI units were in place {Singlevich 1950a). Sometime, between April and
igggemg§r, 1950 data from CI units were not reported any longer (Singlevich

a,b).

The CI units consisted of a GM tube enclosed by a probe. The GM counted
contamination on a special filter paper fastened to the grid portion of the
probe. Air was drawn through the filter paper and any iodine present (was
assumed) deposited. The reading was shown on a counting rate meter and was
a;sg)recorﬂed on & Leeds & Northrup Micromax (Health Instrument Section

" 1946).

A collection efficiency of from 20 to 50% was assumed. The geometry was |
assumed to be from 1.2 to 15% (Healy 1945, 1946a). |

Conclusions:

Data from the CI units cannot be reliably used to assess past airborne 1311 4
levels, because the efficiency of the CI Unit filters for 1311 is
questionable and the filters did not specifically collect 131I. N

A.4 Particulate Filters

Apparently, at first, the standard air filters were radiocautographed to
detect hot particle; and later, actual particulate filters were established.
At first, the particles were measured to monitor particles being discharged
_ from Hanford. Later, the particles were monitored to detect fatlout. This
fij) became the main method for identifying airborne fallout. Particles were
2 discussed extensively in the atmospheric monitoring sections when fallout was
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found (for example, see Paas 1952a,b). Also, special particle collection
units were located at far off locations.

Conclusions:

Data from particulate filters may be useful in assessing general fallout
contributions. However, the particulate data would not directly provide
information on the iodine contribution. The 1311 contribution from fallout
depended on the transit time from detonation to Hanford. This depended on
the particular wind and precipitation patterns. Thus, the percent of iodine
in Hanford fallout may not have been constant.

B. CLaustic Scrubbers

Caustic scrubbers were connected in series to a few of the standard air
filter to a Motoair pump. Thus, the filters trapped particulates, some
iodine, and other fission products before the air passed through the scrubber
(Paas and Singlevich 1950c; Singlevich and Paas 1949). The scrubber solution
consisted of 50%, 0.1 normal sedium hydroxide and 50%, 0.1 normal sodium
carbonate; sodium fodide was also added as the carrier (Singlevich and Paas
1949). Air was sampled from 1 to 7 days at a flow rate of from 2 to 2.5 cfm
(Paas 1952c, 1954b). The 1311 was extracted from scrubber solution according
to the standard procedures by Healy et al. {1951). The scrubber had a
detection Timit of about 1 x 10-13"xCi/ml (Andersen and Soldat 1956b).

In February, 1949, they were making efforts to install scrubbers on all the
air filter devices {Singlevich 1943b). Todine-131 results from caustic
scrubbers for five Jocations are first included in_an April through June 1949
quarterly repért (Pads and SingTevichi 19508)." Five locations are given two
of which are offsite (in Benton City and Richland). By July 1950, nine
scrubbers were in place, three of which were offsite in Benton City, Richland
and the 3000 Area. During the last quarter of 1951, three more units were
added (Paas 1952a). The offsite scrubbers were located at Richiand, Horth
Richland, Benton City, Pasco and Kennewick. During the first gquarter of
1953, the Kennewick unit was removed {Paas 1953). During the first quarter
of 1955, the North Richland unit was moved to the 1100 Area 614 Building
{Radiation Measurements Unit 1955). Thus from the first quarter of 1953 to
the end of 1955, four scrubbers were located offsite.

Preliminary investigations indicated scrubber efficiencies of 90% (Singlevich
1950b}. And, the average yield was established at about 70% (Healy et al.
1955). Early work indicated that the scrubber solution contained 20 to 50%
of the total activity (Singlevich 1949c). The scrubber results were
corrected for geometry, yield efficiency, and volume as per Healy et al
(1951), Wolf (1951), and Paas (1952b). [The Appendix in HW-22682 {Wolf 1951)
provides information on calculating the activity density from beta emitters
in scrubber samples. The Appendix was effective 8/25/51. Healy et al.
(1950) provides general informatfon on calibrations of the GM countow and
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. carrection factors. (dated 7/50).]. Prior to.1950, little information is
available on correction factors used for scrubber sampies.

Some documents mention that the scrubber and filter results agreed well (Paas
and Singlevich 1950a, 1951a, 1951b). Other documents alsc note that scrubber
and vegetation results agreed well {Paas and Singlevich 1950c; Paas 1952¢).

Portable scrubbers were used to track the plume. In one case, several were
installed to specifically monitor the discharge from the December 1949 "areen
run" {Paas and Singlevich 1950a)

Conclusions:

The few offsite scrubber locations (from 1945 to 1955) make the usefulness of
scrubber data in assessing iodine doses questionable. However, a comparison
of scrubber and vegetation data may serve a QA function. Also, as mentioned
earlier, correlations of filter and scrubber data may provide some
indications of airborne 1311 levels at sights where scrubbers were not found.

Several questions remain on the accuracy of the scrubber data. Questions
(that need answering to -better evaluate scrubber data) and uncertainties are
in the attached appendix. - -

€. Hand Pumps

Hand pumps (with thiosulfate solution) were developed in August 1945 (Healy
1945). " The first mention of a hand pump measurement is in the Environs
Report for the second half of September 1946 (Healy and Gamertsfelder 1945).
The hand pumps contained glass absorption cotumms using sodium thiosuifate
solution (10 cc of a 1% solution) as the absorbing medium. These columns
contained glass wool packing to insure close contact between the solution and
air. Air was pulled through the column with a three liter hand pump. The
solution was then evaporated by fastening a capiliary directly to the column
and allowing the solution to drop on a 1 inch waich glass. The watch glass
was counted by a mica window counter. They estimated that it was possible to
detect 7 x 10(-15) Ci/cc of iodine (Cantril and Healy 1945) with 3 Titers of
air, or 7 x 10(~16) Ci/cc with 30 1iters of air assuming 100% absorption in
the thiosulfate (Healy 1945).

Apparently, the hand-pump samples were taken to track plume concentrations.
Mention of sample collection is in reference to plume looping. In the last
half of May 1947, warmer weather and more looping of stack gases caused a
renewal of the hand pump sample collection {where 15 samples were taken)
(Gamertsfelder 1947b).
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Conclusions:

Because hand-pump samples were mainly {(if not exclusively) used to measure
plume levels in the environment and the location of measurements is usually .
not provided, the data is not useful for assessing public doses from 1311.

D. Little Suckers

-

Little suckers were mostly used to collect air samples within buildings
{Health Instrument Section 1946a). Only in September 1945 is mention made of
offsite "Little Sucker® samples,
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Richland, Washington.

©  Pass, H. J. 1954a. Radioactive Contamination in the Hanford Environs for
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Company, Richland, Washington.

Paas, H. J. 1954b. Radicactive Contamination in the Hanford Environs for
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Paas, H. J., and W. Singlevich. 1950c. Radjoactive Contaminatjon in the )
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HW-18446, General Electric Company, Richiand, Washington.

Paas, J. J., and W. Singlevich. 1950d. Radioactive Contamination in the
Environs of the Hanford Works for the Period July, August, September 1949,
HW-18615, General Electric Company, Richland, Washington.

Paas, H. J., and W. Singlevich. 1950e. Radioactive Contamination in the
Environs of the Hanford Works for the Period April. May, June, 1950,

HW-10545, General Electric Company, Richland, Washington.

Paas, H. J., and W. Singlevich. 195la. Radioactive Contamination in the
Environs_of the Hanford Works for the Period July, August, September, 1950.
HW-20700, General Electric Company, Richland, Washington.

Paas, H. J., and W. Sing?évich. 1951b. Radicactive Contamination in the
£ Environs_of the Hanford Works for the Period January, February, March 1951.
HW-21214, General Electric Company, Richland, Washington.
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1948. HW-9103, General Electric Company, Richland, Washington.

Singlevich, W. 1948b. Radioactive Contamination in the Columbia River and
in the Air and Radiation Levels Measured in the Air at Hanford Horks and
Yicinity for 1945 1046, 1047 and Early 1948. HW-9871, General Electric
Company, Richland, Washington.

Singlevich, W. 1948c. H. 1. Environs Report for Month of July, 1948,
BW-10730, General Electric Company, Richland, Washington.

Singlevich, W. 1948d4. H.'1. Environs Report for Month of September. 1948.

HH-11264, General Electric Company, Richiand, Washington.

Singlevich, W. 1948e. M. 1. Environs Report for Month of November, 1948,
HW-11833, General Electric Company, Richland, Washington.

Singlevich, W. 1949a. H. I. Environs Report for the Month of December
1948. HW-12131, General Electric Company, Richland, Washington.

Singlevich, W. 1949b. H. 1. Environs Report for the Month of January, 1948,
HH-12325, General Electric Company, Richland, Washington.

Singlevich, W. 1949;: H. I. Environs Report for .the Month of Februar
© - 1949, HW-12629, Generdl Eléctric Company, Richland,- Washington

Singlevich, W. 1949d. H. I. Environs Report for the Month of March, 1949,
HH-12948, General Electric Company, Richland, Washington.

Singlevich, W. 1950a. H. I. Environs Report for the Month of April, 1950,

HW-17657, General Electric Company, Richland, Washington.

Singlevich, W. 1950b. R, I. Environs Report for Month of September 1950.
HW-19D45,

General Electric Company, Richland, Washington.

Singlevich, W., and H. J. Paas. 1949. Radioactive Contamination in the
Environs of the Hanford Works for the Period January, February March
49. HW-14243, Del., General Electric Company, Richland, Washington.
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Turner, L. D. 1947, The Trend of Contamination Observed in the Air, the
TR -Loluphia River, Vegetation, and Waste at-the Hanford-Enfinser Works for the )
Period Janvary 1, 1047 to March 25, 1547, HW-3-5511, General Electric
Company, Richland, Washington. ]

Holf, J. H., 1951. (Lalculation Constants Used by Reqional Survey. HW-22682,

General Electric Company, Richland, Washington,

APPENDIX
___POTEKTIAL ERRORS AND UNCERTAINTY IN 1949 - 1950'S
b MEASUREMENTS OF AIRBORNE IODINE-131 LEVELS VIA CAUSTIC SCRUBBERS

JABLE 1. Potential Measurement Errors
Error _Discussion

SCRUBBER OPERATION AIR FLOW:

This would probably cause a bias so that the results
would indicate Tower 1311 levels. We need to know
how and when air flow was measured; how air flow was
included in the calculation of 1311 levels; and how
deviations from assumed air flow was compensated
for. No references on air flow for the scrubbers
exist except that air was drawn at a rate of 2.0 cfm
(Paas and Singlevich 1950b) to 2.5 cfm (Paas 1951)
for.a total.volume of -20,000 cubic feet {Paas and -
Singlevich 1950b). Air flow could also introduce an
uncertainty if the air flow was within a range
(i.e., 2.0 to 2.5 cfm) (Paas 1951).

FILTER REMOVAL:

The ashestos filter (through which air was drawn

before flowing through the scrubber) would have

removed around 3 - 4% (Healy 1948) or 5 - 10%

{Paas and Singlevich 1950a) of the total atmospheric
11, Whether this removal was taken into account

needs to be determined.

PLATEQUT:
Potential plateout in the unremovable lines between

P ' the filter and the scrubber could have caused a
h;} negative bias.

e 4014224
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TABLE 1. Potential Measurement Errors (cont)

Error Discussion

IODINE-131 ANALYSIS IODINE-131 ASSUMPTION:
{cont)

The assumption that al]_the beta activity in the
caustic scrubbers was 131] may cause a bias so that
the resuits would indicate higher 1311 levels. How
specific the caustic solution was for iodine needs
to be determined.

- YIELD:

In 1951 they had established that the scrubber had
an average yield of about 70% (Healy et al. 1951).
In 1949, the yield was estimated to be 20 to 50%
(Singlevich 1949). Whether (or when) yield was
taken into account in the calculation of atmospheric
131T Jevels needs to be determined.

TABLE 2, Potential Measurement Uncertainty

Uncertainty Discussion

COUNTING ~  CALIBRATION STANDARDS:

Prior to 1950, knowledge was poor of the actual
activity of “"spike" standards by which instruments
were calibrated. Healy et al. (1950) stated that:

"Measurements have either been relative or with
large uncertainty in the final value with poor
cross~checks between various lazboratories."

Poor knowledge of the standard's activity would
cause considerable uncertainty in the absolute
activity of any samples measured by the instruments
calibrated by that standard. The indication is that
indeed the measurements (prior to 1950) were more
relative than absolute. However, more information
is needed on the source of the standard and how its
activity was determined.

it Moreover, the accuracy of the correction factors
1;;} used (besides decay) depends on the *spike” sample.

—— e 4014225
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TABLE i. Potential Measurement Errors {cont)
Error - Digcussjgn

COUNTING (cont) SAMPLE PREPARATION:
Inconsistency in sample preparation would lead to
some uncertainty in the final value. This is
probably a minor source of uncertainty. The
procedure for sample preparation is given by Healy
et al. (1951) in HW-20136, pg. 4.15-1.
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Office of Compensation Analysis and Support
National Institute for Occupational Safety and Health

SEC Petition
4676 Columbia Parkway, MS-C-47
Cincinnati, Ohio 45226

Supplements to: SEC 00050,
! Response to NIOSH letter of March 2, 2006 Special Exposure

Cohort

Petitioner: ~_Authorized Representative for Claimants
on Record with Original Petition

See Point E.2 below explaining why NIOSH-and ORAUT are incorrect -
in believing that CEDR has stored examples of records of personal
monitoring records of Hanford Dupont workers.

In addition to CEDR’s Data File Set HFC78Ao01 of the Hanford
Cohort Study, 1989 and the Hanford Cohort Study, 1993, Data File Set
HFI8gAo1, where both studies specified that Pacific Northwest
Laboratories (PNL) was the source of their external and internal dosimetry
data, and knowing that PNL has gone on record as not being able to obtain
any DuPont Hanford worker dosimetry, there is yet another study in
CEDR’s database that makes the same point.

See PNL-8449, “Description of Process Used to Create 1992
Hanford Mortality Study Database,” E. S. Gilbert, 1992.
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“These records belonged to employees who left Hanford with
Du Pont when General Electric replaced Du Pont as the major
contractor. Because Du Pont had taken exposure records of
these persons with them, a decision was made that these dose
records were the responsibility of Du Pont rather than the
Hanford Radiological Records program.” See footnote on pg.
2,2,

In other words, the Du Pont Hanford worker dose records are
not a part of the Hanford Radiological Records program. This

* would appear to be the definitive word on the subject.

Accordingly, in regard to point F.2, The extensive documentary
evidence continues to confirm there are no individual dosimetry or bio-
assay records available for Du Pont workers at Hanford, and Petitioner
would respectfully again suggest that CEDR and ORAUT make that point
clear in their reports.

To understand the impact of the documents and expert reports that
Petitioner is submitting have upon “the limitations of existing DOE or
AWE records in radiation exposures at” Hanford, a review of the
errors or deficiencies in the steps or stages of the underlying basis of
ORAUT’s dose reconstruction demonstrate the limitations of existing
records.

~ Supplement of Klementiev’s Qualifications - - -
In regard to these errors, Petitioner had attached the expert report of
A. A. Klementiev in his Response of questions raised in the phone
conference with NIOSH and ORAUT representatives. To supplement his
report please see attached Klementiev’s CV of his enormous academic
training in physics, mathematics and in the mathematical modeling of
complex systems, and publications.

Supplement to Studies demonstrating invalidity of Napier’s
reliance upon atmospheric air monitoring.

HEDR’ chief author, Napier, made a critique of Heeb’s work which
supported some of the same points made by Petitioner’s experts and the
EPRP. But Napier depended also upon the atmospheric air monitoring

Page2of 3
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data for validation of his use of questionablé stack release data despite three
separate previous studies finding such data to be unreliable and inadequate
for any use.

In addition to Exh. #8: Memo from Sandra Cannon to Dill
Shipler: Hanford’s Air Monitoring Program from 1945-1955, June 17,
1993, and following Memo: Hanford’s Air Monitoring Program from 1945
To 1955 - A Compilation of Notes, E. I. Mart, February 10, 1988, there is
also: ]

-

Exh. #9: PNWD-2226, Thiede, 1994. ,
“Therefore the historical air monitoring data were not nsed by the HEDR
praject because the data were not satisfactory in quality or number
for dose calculation or validation of models.” Pg. 4.1.

Exh, #10: PNWD-2234, R. W. Hanf, 1994.
“The result was that air monitoring data are insufficient for use in the
HEDR project.” Pg. 1.

In other words, not only are Heeb's release fractions inaccurate, but
Napier’s effort to correct HEDR is also deficient. HEDR cannot be uséd
with any scientific plausibility as a source for release fractions, or releases,
for any time period.

Yours truly,

. Petitioner —

Page 3 of 3
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Used to Create 1992 Hanford
Mortality Study Database

E. 8. Gilbert
|, A. Buchanan
N. A. Holter

December 1992

Prepared for the U.S, Department of Energy
under Contract DE-AC06-76RLO 1830

Pacific Northwest Laboratory
. Operated for the U.S. Department of Energy
by Battelle Memorial Institute
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1. Data on OHH OP (This meant that according to HEHF records in 1988, the
worker had been employed in operations work prior to 1979.) ‘A total of
44,407 workers qualified by meeting this criterion.

2. OHH79 data on MST79 (This meant that according to HEHF records in 1979
the worker had been employed in operations work prior to 1979.) An
additional 104 workers, who had not qualified under criterion 1, met
criterion 2. It is noted that there were 3 workers with OHHTS data on
MST79 where data on more recent OHHBS files indicated that initial
employment was after 1978; these 3 workers were not considered to be
eligible for the study population.

3. Current records {other than OHH_OP) at HEWF indicating the worker was a
part of the operations worker cohort. Te ascertain this, staff at HEHF
searched for records of workers who were aon MST79, but not on OHH OP.
Many of these workers had only dosimetry data, and had not previously
ggggdata on the OHH79 File. These searches were primarily conductaed in

An additional 36 workers, who had not qualified under criteria 1 or 2,
qualified under criterion 3. Thus, a total of 44,547 workers met at
least one of the three criteria.

Because it is known that the OHH FiJes sometimes erroneously included
workers who reported for initial physical examinations, but never actually
started work, it was also required that in addition workers meet at_Tteast one
of the three criteria Jisted below. The first two criteria involve use of
dosimetry records from both ORE and MST79. The use of MS179 was necessary,
because the ORE system no longer includes the records of over 10,000 early
workers, for whom external dosimetry data were available in 1979 when MSI79
was created.’

A. ¥orkers had to have at Teast one year.of onsite operations dosimetry on

the ORE file prior to 1979, 26,375 workers quatified by meeting this
criterion. Dosimetry data for these workers were taken from ORE.

B. Workers had to have dosimetry data on MST79. An additional 10,305
workers, who did not meet criterion A, qualified under criterion B. For
these workers, dosimetry data were taken from MST79. In some cases,
workers had dosimetry on MST79, had a Social Security number match with
ORE but no onsite operations dosimetry on ORE (offsite or construction

‘These records belonged to employees who Teft Hanford with DuPont when
General Electric replaced DuPont as the major contractor. Because DuPont had
taken exposure records of these persons with them, a decision was made that
these dose records were the responsibility df DuPont rather than the Hanford
Radiological Records program.
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ALEXANDRE A. KLEMENTIEV, Ph.D.

Present Address

5023 N. Mildred Street ' Phone: (253) 798-3528

Tacoma, WA 98407 Fax: (253)798-2947

OBJECTIVE N/A

EDUCATION ~ Mathematical Epidemiology (Ph.D.), Institute of Cybemetics, Kiev, Ukrain e, 1991,
Applied Mathematics in Aatomation and Remote Conirol (Ph.D.), Moscow
Institute for Physics and Technology, Dolgoproudaiy, Russia, 1971.
Electrical Engineering (M.S.), Moscow Institute for Physics and Technology,
Dolgoproudniy, Russiza, 1966.

AWARDS Malcolm L. Peterson Award (1994, Washington Physicians for Social
Responsibility). ' .
Best Diploma Research Award (1966, Moscow Iustitute for Physics and
Technology, Dolgoproudniy, Russia,),

PROFESSIONAL ‘Facoma-Pierce County Health Department, Tacoma, WA. Epidemiologist Il
{Dec.1996- Present). Computer modeling for Public Health related projects:

EXPERIENCE

Establishing Health Intervention Priorities;
Designing databases, such as “Mother and Child Health”, “Domestic Violence™;
Conducting projects on epidemiology.

CDC/WHO, Training Course Evidence-Based Noncommunicable

Diseases Prevention, Moscow, Russia. Instructor, (Apr.2003). Taught

course “Iniroduction to the Behavioral Risk Factor Surveillance System”.
Chelyabinsk-McGill Project in Population Child Health, Chelyabinsk, Russia.
Instructor, (Jan.2000 - Feb.2000). Taught courses Biostatistics and Epidemiology.

Tacoma Community College, Tacoma, WA. Instructor (J an.1996-Dec.1996).
Teaching course Business Data Processing, Lab assisting for the course
Programming Visual Basic.

Tom H. Foulds and Associated Counsel: Hanford Litigation Office, Seattle,
WA, Consultant, Expert witness (1994 - Present).

* Developed computer model for estimation of radioactive Todine-131 releases into
the atmosphere from Hanford Site in 1944 - 1948;

- Estimated of Pu-239 releases into the atmosphere from Hanford Site;

- Developed computer model for prevalence estimation of degenerative type
diseases.

NeuRobotics, Inc., Puyallup, WA. Senior Research Scientist (1992-1994),

* Provided professional analysis for airborne radionuclide releases including
estimates for population health impacts;

- Constructed and supplemented GIS representations of radionuciide
contamination for Eastern Washington;

- Served as scientific and technical translator for Russian scientific articles,
research papers, and texts;

- Hstablished NeuRobotics support groups in Moscow, Kiev, and Viadivostok and
facilitated communication with these groups via E-mail.

Institute of Control Sciences (Russian Acadery of Sciences), Moscow, Russia. -




TEACHING
EXPERIENCE

CONSULTING

COMPUTER
SKILLS

PUBLICATIONS

Engineer, Senior Research Scientist, Leading Research Scientist (1966-1971,
1973-1975, 1978-1992).

Developed mathematical and computer models for the epidemiological studies
(1972 - 1992).

- Developed software for prevalence estimation for different types of cancer;

- Developed computer programs for public health assessment for the populations
Tesiding in the areas contaminated due to Chernobyl accident;

- Developed computer programs for evaluating the effectiveness for health
program interventions;

~ Developed computer models which are used in the Russian Health Ministry
Computing Research Centers for population survival analysis;

- Developed mathematical models for the estimation of sexually transmitted
diseases prevalence;

* Developed varions computer models for health resources aliocation.

International Institute for Applied Systems Analysis / Bio-Medical Project,
Vienna, Austria. Research Scholar (1975 - 1978).

* Developed a new approach to prevalence estimation for degenerative type
diseases based on the use of mortality data;

- Developed the computer model for estimating health resources requirements,

Moscow City Council Research Computing Center, Moscow, Russia. Head,
Laboratory for Systems Analysis (1971 - 1973).
* Provided technical support for the Moscow city planning comumittee.

Courses taught :

* Business Data Processing, Tacoma Community College (1996 - Present);

* Programming-Visual Basic (Lab assisting), Tacoma Commounity College (1996 -
Present);

- Computer Modeling in Health Field, Moscow Institute of Physics and
Technology (1984 - 1992);

© Systems Modeling, Moscow Power Iustitute, (1981-1982);

* Automation and Remote Control, Moscow Institute for Automation and
Computer Technology, (1980 - 1981), ’

* Biostatistics and Epidemiology, Chelyabinsk-McGill Project in Population Child
Health, Chelyabinsk, Russia, (2000).

Consulted the regional Health Ministry Computer Centers in the former USSR on
applications of mathematical modeling for epidemiologicat studies (Stavropol,
Moscow, Novesibirsk, Thilishi).

Languages: FORTRAN, Pascal, C, Extend, Visual Basic; .
Software: Variety of MS DOS and Windows software - M5 Office, GIS (IDRISD,
SPSS, STATA, SAS, Crystal Ball, etc.

2 monographs and over 50 articles and papers in Russian and English on
mathematical modeling in public health related fields




Klementiev A.A.
A.AKlementiev: List of main publications

1. A AXlementiev

Optimal process with random termination. N.Y. Consuliants Bureau. Automation and remote conirol.
6, 1970,

2. A AKlementiev, A.I Yashin

On the problems of estimation and control in health system. In: Control problems ir technology,
economy and biology. M., Nauka, 1974, (RUSSIAN).

3. AM.Petrovsky, A.A Klementiev, A I Yashin

On the use of the method of control with incomplete data in certaip pnblic health management
problems. Proc. Vith Congr, IFAC. Boston, Cambridge. 1975.

4. A.A Klementiev

Mathematical approach to developing a simulation model of health care systern. Laxenburg, Austria,
1976, 28p. HASA; RM-76-65.

5. A.AKlementiev

A computer method for projecting a population age-sex structure, Laxenburg, Ausiria, 1976, 26p.
IASA; RM-76-36.

6. A.M Petrovsky, AA Klementiev, AL Yashin

Use of the control theory methods for the solving of the health management problems, In: Biologic
aspects of the control theory. M. Institute for Control Sci., 1976, {Russian)

7. A.AXlementiev .

On the estimation of morbidity. Laxenburg, Austria, 1977, 19p. IASA; RM-77-43,

8. P Fleissner, A.A Klementiev

Health care system models: a review. Laxenburg, Austria, 1977, 76p. ITASA; RM-77-49, )

3. K Atsumi, A Fujimasa, S Xaihara, A Klementiev

An approach to building 2 universal health care model: morbidity model for degenerative diseases,
Laxenburg, Austria, 1978, 28p. HASA; RM-77-06.

10. A.A Klementigv

Health care modeiling: morbidity estimation for degenerative diseases, Proc. of Intern. Symp.
"Simulation-77". Zurich, Acta press, 1977.

11. A.AKlementiev, B.N.Shigan

- Sggregate model for estimating health care $ystem resources reqilremenﬁ Laxcnl:;urg, Austria, 1978,

28p. ITASA; RM-78-21, ,

12. L.LBorodkin, A.A Xlementiev, A.M.Petrovsky, Al Yashin

Problems in public health, N.Y., Consultunts Bureau, Automation and remote control, 6, 1979,

13. A.A Klementiey

Modelling of health resources allocation. N.Y., Consultants Burean, Automation and Remote Control,
10, 1980

14. A.A.Klementiev ’

Aggregate model of health resourses allocation, Proc. of All-Unior Conf “Systems analysis and
modelling in health field", Novokuznetsk, 1980. (RUSSTAN)

15. A.A.Klementiev

Modelling of the restricted health resources: The RASPR model. Proc. of All-Union Conf. "System
modelling of sacio-economic processes”. Voronezh, 1980. {(RUSSIAN)

16. A.A Klementiev

Degenerative-type diseases prevalence estimation. In: Applied system analysis methods in health
management. M., Institute for Control Sci., 1981, (RUSSIAN).

i7. A.A Klementiev
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' Modelling of the bealth resources allocation: Case of multidimentionat health resource. Ibid.

(RUSSIAN).

18. A M Petrovsky, A.A Klementiev, O.N Pyatigorskaya :

On the control of epidemics in venerology. In: Mathematical modelling in immunology and medicine.
Proc. IFIP Working conf.- Amsterdam, North-Holland, 1983.

19. A.A Klementiev, AB.Stupin

On investigation of prevalence fo a certain disease, Thid.

20. A A Klementiev

Resources allocation modelling in the health system. M. Jnst. for Control Sci., 1983. (RUSSIAN)
21. A.A Klementiev, A.B.Stupin

Properties of the mode] of an epidemic for a certain infectious disease, N.Y., Consultunts Bureau,
Automation and remote control, 11, 1984, :

22. A.AKlementiev

~ Modelling of some veneral disease prevalence. Proc. of 3-td Internat. Conference "Systems science in

Lealth care”, Munchen, FRG, 1984,

23. A A Xlementiev, L.V.German )

The model of bealth resources reallocation. In: Data analysis and expert systems. M., Institute for
Control Sci., 1985, (RUSSIAN).

24, A A Klementiev ,

Quantitative models development for solving of the health control problems. M., Nauka, 1985. 209p.
(RUSSIAN).

25. A.A Xiementiev

On the control of infectious disease prevalence. 5-th World Congress on medical informatics
MEDINFO. Washington, DC, 1986.

- 26. A.A Klementiev, A.B.Stupin

Analysis of the deterministic and simulation models of an infectious disease prevalence. Proc. of 5-th
Prague Internat. Simposium "Simulation of systems in biology and medicine®, Praha, CSSR, 1986.
27. L.M.Manoukyan, A.M Petrovsky, V.K.Olshansky, A.A Klementiev, R R Moshashvili
Dispencerization: management and control. Proc. of Al-Union Conf, "Informatics and computer
technology in health care", M., 1986. (RUSSIAN)

28. A.AKlementiev, A.B Stupin

Simulation of epidemics with the use of deterministic and Monte-Carlo approaches. In: Proc, of 1-st.
World Congr. of the Bernoulli-Society, M.,vol1, 1986, ° .

23. A A Kliementicv, G.L.Strongin, LS. Tomarchenko

On the use of demographic modelling for the estimation of the pilots professional lifespan. In:
Quantitative models in medicine and health care. M., Institute for Control Sci., 1987. (RUSSIAN).
30. A.A Klementiev, A.M.Petrovsky

On the optimal control of migration. In: Quantitative models in medicine and health care. M., Institute
for Control Sci., 1987. (RUSSIAN).

31. A.A Klementiev

Modelling in medicine and biology for population health estimation. In: Proc. of Prague Internat.
Sympostum "Simulation of systems in biology and medicine” Praha, CSSR, 1988.

32. A AKlementiev

An epiderniological model of degenerative-type disease: tool for morbidity estimation. Proc. of 4th
Internat. Conference "Systems Sci. in Health Care”, Lyon, France, 1988.

33. ALA Klementiev
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DEMQO: Software for quntitative study of population survival and demographic growth. Proc, of
IEIP/TCY Conf. "[nformation systems, work and organization design", Berlin, Humboldt Univ., GDR,
1989,

34. A.AKlementiev

Optimal control of an infectious disesse epidemics. In: Proc. of XI All-Union Congress "Problerns of
control”. Tashkent, 1989, (RUSSIAN),. .

35. A.A Kiementiev, E.G.Shekhter

Aggregate estimate of pilots' professional health. In: Proc. of Prague Internat. Symposium "Simulation
of systems in biology and medicine" Prague, CSSR, 1990. (RUSSIAN)

36. A.AXiementiev

Model for analysis of mortality data in follow-up stodies. In; Methods of data gathering and their
analysis. M., Institute for Control Sci., 1991. (RUSSIAN).

37. A.A Klementiev

Heaith Program Effectiveness Measurement: A Case of Degenerative Diseases. Methods of
Information in Medicine, 1992; 31: 298-302.

38. A.AXlementiev

Modeling the impact of radioactive environment contamination on population health: an applied
semiotic approach. In: Intelligent systems: a semiotic pesspective. Proceedings of the 1996
International Multidisciplinary Conference, 20-23 October 1996, Gaithersburg, Maryland.

39. A.AKlementiev

Establishing health intervention priorities for local public health agencies. APHA 126th Annual
Meeting "Public Health and Mamaged Care". November 15-19, 1998, Washington DC.

40. Paddec Buzzard, Rebecca Casey, Alexandre Klementiev, Tery Murray

We knew you could do it! Protective factors for pregnant and parenting teenagers. Washington State
6" Annual Joint Conference on Health. October 4-6, 1999, Spokane, WA.

41, A.A. Klementiev.

Washington State population life tables. Eliminating certain causes of death, 1989 — 1999. Western
Regional Epidemiology Network (WREN 2000). May 18-21, 2000, Ashland, OR.

42, AA. Klementiev :

Establishing health intervention priorities for local public health agencies. The 7 International
Conference on System Science in Health Care. May 29 — June 2, 2000, Budapest, Hungary.

43. Rebecca Casey, Alex Klementiev, Dorothy Wharton o

Mother and Child Health integrated database: structure and usage. Washington State 7* Annual Joint
Conference on Health. October 2 - 4, 2000, Tacoma, Washington,

44. Omelyanets N.L, Klementiev A.A.

Analysis of mortality and duration of life of Ukrainian population after the Chernobyl catastrophe.
International Conference Health effects of the Chermobyl accident: Results of 15-years' follow-up
studies, June 4 - 8, 2001, Kyiv, Ukzaine.

45. A.AXlementiev

Measuring bealth expectancy based on BRFS data. 8% Annual Jomt Conference on Health. October
8-10, 2001, Yakima, Washington.

46. A.A Klementiev

Measuring years of healthy life: Washington State aduits 1993-2000. 19th Annual BRFSS Conference
March 11-14, 2002, Atlanta, Georgia.

47. D.Mortiarty, M.Zack, R.Kobau, Z.Gizlice, A Klementiev

Socio-Economic Determinants in Life and Health Expectancies. REVES-2003, Guadalajara, Mexico,
May 5-7, 2003.

48. A.A Klementiev

Alternative measure of years of healthy life. REVES 2003, Brugge, Belgium, May 17-19, 2004.
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Welcome to MIPT Home Page

I have great pleasure in presenting Russia's most famous stience and technology
educational establishment -- the Moscow Institute of Physics and Technology from which
I graduated in 1952 and of which I am now the rector.

The MIPT is the first Russian University of Physics and Technology and was founded in
1951 from the physics and technology department of Moscow State University by the
Nobel Prize winners P.L.Kapitza, N.N.Serpenov, L.D.Landau et al. Our 1,000 staff
members are working diligently with 5,000 students and postgraduates to train the best
researchers in solid state physics, chemistry, biclogy, high energy physics, space -
research, computer science ete.

The majority of the staff work here part-time, being well-known scientists of the folowing
research centers cooperating with MIPT:

|
|
® P.N.Lebedev Physical Inslitute of the Russian Academy of Sciences l
® P.L.Kapitza Institute for Physical Problems of the Russian Academy of Sciences

® General Physics Institute of the Russtan Academy of Sciences

$ L.D.Landau Institute of Theoretical Physies of the Russian Academy of Sciences

® Russien Research Center “Kurchatov Institute”

® N.N.Semmenou Institute of Chemical Physies of the Russian Academy of Sciences

® Insiitute of Physics and Technology of the Russian Academy of Sciences

® High Energy Institute

® General Aerchydrodynamic Institute

L T =T R a

During the first 3 years students receive a-fundamental university trdining in physics
and mathematics after which they continue their education for another 3 years
specialising in research at the Institutes mentioned above and some others. They carry
out their research together with the best scientists, and the best students continue their
research work as postgraduates for their Ph.D.

For over 40 years about 17,000 researchers and 7,000 Ph.D's. have graduated from the
MIPT and some of them are now very well known, such as:

® prof. A.F.Andreev (P.L.Kapilza Institute for Physical Problems, Moscow)

$ prof. S.T.Belyaev (Russian Research Center "Kurchatoy Institute”, Moscow)
® prof. O.M.Belotserkovsky {Institute of Computer Aided Design, Moscow)

® prof. L.M.Barkou {Institute of Nuclear Research, Moscow)

® prof. V.E.Fortov (N.N.Semenov Institute of Chemical Physics, Moscow)

® prof. L.P.Gor'kov {L.D.Landau Institute of Theoretical Physics, Moscow)

® prof. Yu. V.Gulyaev (Institute of Radiotechnics and Electronics, Moscow)

® prof. Yu.A.Ryzhov (Russian Ambassdor, Paris)

® prof. V.LRyzhii (Institute of Physics and Technology, Moscow)

F I LY R
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Bomucka B3 yueSnoro nmana BtltyckHisa MOTEH 1966 1un
MeHThens Aneicauwsipa Anercanuponimg

HaAMCHOBaNHe Kypeon Jach;
Marestatazecknit anannz 380
Anranwtirzeckan CEOMETPUR 132
Ragdepentmansaie ypanwesis 132
Brrucrurrentias mateMarign 99
Teopus yuxumii xommrekcnsix nepesicininLIX 85
Ypasuesns MaTeMuTHuccKoN rnpics : 149
Teopermeckan Mexunpga 132
OObumas ursuxa 760
Teopertmeckas dusuica 149
Obas xmeus 162

- Hirocrpaauni sk 520
Genoart miokenepiioro HPOCKTHPORAMMY 34
OcHoRE! nporpasuBpossnus 66
Beenente B sxonoruo 32
BesomacrocTs wusneneaTenbrocrH 35 -
Ecrectaenno-naywsnie Kyposi no seiopy . | - 58

o - Obmemrxenepras udKroTORKS 34
DHeKTPAYeCKHE Mo 132
InexrpontLe npuopsi 134

" Pammorexruka 326
Hupymucaeie 1 pidponie upufapm 66
Paxymprerckan nabapriopiy 224
Ocrosr abipaGorit curaanos 6
OcaoBss Teopsss avromatuyeckoro yrnpasacius 66
Teopns ynpasnerny s CUNERIBIO-IKOROMHYCCKHA '
CACTCMaxX 66
Teopusa croxsctrucexux cuerem 93
OnTuManLioe yrpapierne s ausamuyce CHCISMAX 99
IBM nm ocroms: HPOrPaMMHPODAILIS . %
Caysaiingie nponeces! b creremax YUPABACLIHS 74
ANTopHTMETeCKIS MO B BPOLCLCnX Yhpasnerny 51
Oxpawa Tpyna o

Npaxrexa & gnrmonnan pafits
Besau duxynvrera
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Moscow Order Of The Red Flag Institute Of Physics and Technology

141700 Dolgoprudniy, Moscow region

Phone 408-42-54

Excerpt from the curriculum of Klementiev Alexander Alexandrovich,

graduated from M.1.Ph.T. in 1966

Course title

Calculus
Analyticat geometry
Differential equations

" Computationat mathematics

Funclions of a complex variable
Equations of mathematical physics
Theoretical mechanics

General physics

Theoretical physics

General chemistry

Foreign language

Basics of draughting

Basics of computer programming
Introduction to ecology

Life safety

. Natural science course

General engineering

Efectrical circuits

Electronic devices

Telecommunications theory and devices
Pulse and digital devices

Lab for telecommunications devices ™
Signal processing

Basics of automatic controf theory

Control theory in social-economic systems
Theory of stochastic systems

Optimal controf in dynamic systems
Computers and principles of computer programming
Stochastic processes in control systems
Simulation in control systems
Occupational safety

Master's thesis work

Dean {signature)

Hours
Total

380
132
132
99
85
149
132
760
149
102 ‘
520
34
66
32
36
58
34
132
134
328
56
224
66
66
66
98
99
99
54
51
16
3,028
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The International Institute for Applied Systems Analysis
(IASA)

Membership: ITASA is supported by National Member Organizations (NMO's) in 17
countries: the United States, Russia, Japan, Canada, Austyia, Bulgaria, the Czech
Republic, Finland, Germany, Hungary, Khazakstan, the Netherlands, Norway,
Poland, Slovakia, Sweden, and Ukraine. NMO's are non-governruental scientific
organizations. The American NMO is the American Academy of Arts and Sciences.
The Russian NMO is the Russian Academy of Sciences.

Location: The Institute is located in Laxenburg, Austria, outside Vienna, in a former
Hapsburg summer palace provided by the Austrian government for a token annual
rent payment.

Steff: Of a total staff of 220 people, TASA has approximately 100 full-time senior
research scholars. The staff is recruited primarily from NMO countries. There are no
quotas. The Director has full authority for all hiring and, if need be, firing. Scientists
are on fixed-term contracts from a few months to several years. The in-house research
staff is supplemented by an active network of 1,700 alumni and extensive additional
collaboration with individuals and organizations throughow the world. The Institute
also conduets a summer combined work and study program for a select group of sixty
young international scientists. The program's objective is to expose particularly
promising young researchres early in their careers to IASA's international,
interdisciplinary sefting and research approaches.

Research Agenda: The Institute conducts policy research centered on the theme of
global change. Projects address environmental issues (e.g., agricultural impacts of
possible climatic changes), technological issues (e. g., the diffusion of increasingly
efficient energy technologies}, and economic issues (e.g., transitions 1o market
economies in the former Soviet Union and Fastern Europe). The research agenda
emphasizes connections belween regional policies and -global considerations, ™
History: In 1966 President Johnson proposed to the Soviets ap institition to build a
bridge between East and West through joint research on common problems. After six
years of negotiation ITASA was founded in 1972 with 12 original members. For two
decades it maintained a broad research portfolio bringing researchers from East and
West logether for joiut studies of environmental, management, and policy issues. The
end of the Cold War in 1989 defined a new era for HASA. n 1990, members negotiated
a new Strategic Plan focused on environmental, technological, and economic issues of
global change. In 1994, ministers from NMO-country governments, meeting for the
first time since TASA's founding, reviewed, endorsed, and pledged their support for the
lostitute’s new direction.

Finance and Governance; [IASA's annual budget is about $13 miilion. 80% of the
budget comes from core coniributions by NMO's. Contracts and grants from
government ministries, private foundations, and industry make up the balance. NMO's
contribute according to a three-tier schedule, with Americans and Russians
contributing the most. Payments are in Austrian schillings. The CEO of the Institute is
the Director, currently Gordon J. MacDonald of the United States, There is a

NRINAIET N:0798
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International Institute for Applied Systems
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Schlossplatz 1, A-2361 Laxenburg, Austria + Phone: +43-2236-807

POSITION ANNOUNCEMENT

Senior Research Scholar !
Environmentally Compatible Energy Strategies Project
(ECS])

The Environmentally Compatible Enersgy Strategies (ECS) Project at the International
Institute for Applied Systems Analysis (IASA) is one of the leading research groups
worldwide in the analysis of fong-term interactions between energy, development, and
the environment. IIASA is an interdisciplinary, non-governmental, independent
international research organization, located in Laxenburg, Ausiria.

Current ECS research focuses on: : t /

1. Conlributions 1o the Third Assessment Report {TAR]} of the Intergovernmental '
Panel on Climate Change (IPCC) on long-term emissions scenarios {ECS project
members served as convening and lead authors in the Second Assessment Report
of the IPCC and will continuye this function during the preparation of the Third

* Assessment Report).

2. Integrated assessment modeling of energy and environmental interactions with
focus on climate change and regional acidification (research activities in this y‘
domain are mosily externally sponsored). Q

8. Methodological and model development for endogenizing technological change. \

All research activities involve the development and use of formal modeling technigues of
different mathematical (simulation, optimization) as well as disciplinary
{macroeconomic, engineering, ecological) orientation. Research activities are supported
through extensive networking activities {coordination of international research networks,
organization of workshops, participation in international research consortia for Q/

contracted research) and documented in an extensive publication record both in
peer-reviewed acadeinic journals and reports to external Sponsors.

In order to enhance the project’s human resources, we are seeking candidaies for the
position of:

Senior Research Scholar

DRI AT 1181




-~

b
L.

[TEASA™ Eus senior Kesearch Scholar httpt/ /wrerw esa ac.at/ Admin /PE/ Jobs/ecsseascd. hirm)

< Tasks | ‘ )
: Assumes responsibility for the advancement of the ECS set of mathematical analysis
tools. Works independently on all aspects of model development, model application,

result interpretaion, and report preparation for externally fimded research contracts.

r _ eal  Peauivtuseubs

Profile \‘afw .Et’, .
1 Ph.D. in mathematics, energy-economics, operations research, environmental sciences
or simailar discipline. Demonsirated accomplishments in the field of mathematical
modeling, Modeling-related programming and compuier skifls (PC and UNIX
environment). Good peer-reviewed publication record. Ability to work independently in
an interdisciplinary and international team. At least ten years of experience in the
relevant research areas.

Appointment Terms .

The successful candidate will be offered a one-year, fixed-term contract, beginning as
S000 as possible. The salary is competitive and commensurate with experience. It is
exempl from taxation in Austria, but subject to the principle of income aggregation. The
appoiniment includes moving and settlement allowances. An exceptionally beautiful
working environment with a true international and interdisciplinaxy institute are added
rewards for those seeking association with a highly motivated and productive reseaxrch
team.

Applications

. To apply send a cover letter, resume, plus names, addresses, telephone and fax numbers
of three work-related references, as well as copies of two recent publications/papers
(articles, research. papers, model documentation, proposals, minutes of meelings, etc.) to:

Walter Foith, Personnel Administrator

International Institute for Applied Systems Analysis (HASA)

Schlossplatz 1, A-2361 Laxenburg, Austria :
Fax:-(+43) 2936-71313 C '

E-mail: foithw@iiasa.ac.at

Review of applications will begin immediately.
For further information about the post, please contact:

Dr. Nebojsa Nakicenovic

Project Leader

Environmentally Compatible Energy Strategies Project
Tel: (+43) 2236-807-411

E-mail: naki@iiasa.ac.at

For general information about our institute, please visit our HASA web sile or go right lo
the ECS homepage.

g nfa AL IAD (VT 11,1800
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U.S. IASA Advisory Group

Betsy Ancker-Johnson, World Environment Center
Kenneth J. Arrow, Stanford University

Jesse H. Ausubel, Rockefeller University

Walter S. Baer, The Rand Corporation

Francis M. Bator, Harvard University

Alfred Blumsiein, Carnegie-Mellon Universiiy
Chesier L. Cooper, Pacific Northwest Laboratories
Floyd L. Culler, Electric Power Research Institute
Edward E. David, Jr., Edward E. David, Inc.

Peter E. de J6nosi, London, UK.

Richard Getzinger, American Association for the Advancement of Scienee
Robert Herman, University of Texas at Austin

-Yu-Chi Ho, Harvard University

C. S. Holling, University of Florida at Gainsville

Manuel L. Ib6cez, Texas A&M University, Ki ille
Helen Ingram, University of Arizona, Tucson

Alex Inkeles, Hoover Institution, Stanford University
Dale W. Jorgenson, Harvard University

Richard M. Karp, University of California at Berkeley
Robert W. Kates, Brown University

Carl Kaysen, Massachusetts Institute of Technology
Nathan Keyfitz, American Academy of Arts and Sciences
Judith Kildow, Massachusetts Institute of Technology
Miriam King, University of Minnesota

Thomas H. Lee, Massachuseits Institute of Technology
Harold R. Lentzner, National Center for Health Statistics
Henry R. Linden, llinois stitute of Technology

Diana M. Liverman, University of Arizona

Franklin A. Long, University of California at Irvine

‘Themas-E. Lovejoy, Srnithsonian Institution

Jane Lubchenco, Oregon State University
Michael Maccoby, Maccoby Group, Inc.

Gordon J. MacDonald (on leave at HASA)

Charles Maechling, Jr., Washington, DC

Thomas F. Malone, North Carolina State University

Robert S. McNamara, Washington; DC

John R. Meyer, Harvard University

James W. Mitchell, AT&T Bell Laboratories

Harold A. Mooney, Stanford University

John H. Moore, Grove City College

Richard D. Morgenslern, Environmental Protection Agency and Resources for the Future
Homer A. Neal, University of Michigan

George L. Nemhauser, Georgia Institute of Technology
Rodney W. Nichols, The New York Academy of Sciences
William A. Nitze, Environmenial Protection Agency

William D. Nordhaus, Yale University

Merlon J. Peck, Yale University
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U.S. HASA Advisory Group

Betsy Ancker-Johnson, World Environment Center
Kenneth J. Arrow, Stanford University
Jesse H. Ausubel, Rockefeller University
Walter S. Baer, The Rand Corporation
; Francis M. Bator, Harvard University
Alfred Blumstein, Carnegie-Mellon University
Chester L. Cooper, Pacific Northwest Laboratories
Floyd L. Culler, Eleciric Power Research Institute
Edward E. David, Jr., Edward E. David, Inc.
Peter E. de J6nosi, London, UK.
Richard Getzinger, American Association for the Advancement of Science
Robert Herman, University of Texas at Austin
-Yu-Chi Ho, Harvard University
C. S. Holling, University of Florida at Gainsville
Manuel L. Ib6cez, Texas A&M University, Kingsville
Helen Ingram, University of Arizona, Tucson
Alex Inkeles, Hoover Institution, Stanford University
Dale W. Jorgenson, Harvard University
Richard M. Karp, University of California at Berkeley
Robert W. Kates, Brown University
Carl Kaysen, Massachusetts Institute of Technology
Nathan Keyfitz, American Academy of Arts and Sciences
Judith Kildow, Massachusetts Institute of "echnology
Miriam King, University of Minnéesota
Thomas H. Lee, Massachusetts Institute of Technology
Harold R. Lenizner, National Center for Health Statistics
Henry R. Linden, llinois Institute of Technology
Diana M. Liverman, University of Arizona
Franklin A, Long, University of California at Irvine
«. . Thomas E- Lovejoy, Smithsotifan Institution
Jane Lubchenco, Oregon State University
Michael Maccoby, Maccoby Group, Inc.
Gordon J. MacDonald (on leave at MASA)
Charles Maechling, Jx., Washington, DC
Thomas F. Malone, North Carolina State University
Robert 8. McNamara, Washington, DC
John R. Meyer, Harvard University
James W. Mitchell, AT&T Bell Laboratories
Harold A. Mooney, Stanford University
John H. Moore, Grove City College
Richard D. Morgenstern, Environmmental Protection Agency and Resources for the Future
Homer A. Neal, University of Michigan
George L. Nembauser, Georgia Institute of Technology
Rodney W. Nichols, The New York Academy of Sciences
William A. Nitze, Environmental Protection Agency
William D. Nordhaus, Yale University
Merton J. Peck, Yale University
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:
3 Russell W. Peterson, Wilmington, DE
R Kenneth Prewitt, Social Science Research Council
| Robert H. Pry, Great Falls, VA
James Brian Quinn, Darimouth College
Mary Martha Rabinowitch, Chicago, IL
L Howard REHE NI Vard University
Waller A. Rosenblith, Massachusetis Institute of Technology
F. Sherwood Rowland, University of California at Irvine
Jack P. Ruina, Massachusetts Institute of Technology
Alan Schriesheim, Argonne National Labs
James K. Sebenius, Harvard Business School
Harrison Shull, Naval Postgraduate School
William J. Spencer, Sematech, Inc.
Chauncey Stazr, Electric Power Research Institute
Francis X. Suiton, Dobbs Ferry, NY
Alvin M. Weinberg, Oak Ridge Assoctated Universities
Roger J. B. Wets, University of California at Davis
H. Peyton Young, Johns Hopkins University

Last update: 12/27,/96

Reiurn to Academy Home Page
Summary Information
IASA Home Page
US Committee for JASA
- Contact Information
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A Guide to Environmental Monitoring Data,
1945-1972

Hanford Environmental Dose Reconstruction Project

M. E. Thiede
D. J. Bateg
E. I Mart

R. W, Hanf

March 1994

Prepared for review and approval by

the Technicat Steering Panel and

the Centers for Disease Controf angd Prevention
under Contract 200-92-0503(CDC}/I 8620(BNW)

Batteile,
Pacific Northwest Laboratories
Richiand, Washington 99352
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4.8 Overview of Previously Published Data

Radioactive emissions from the Hanford activities were released to three genecal pathways: the
f aic pathivay, e’ Colismibia River - pathway; and e groued-wazer pathway. Historical data for the air
pathway are described in previously published HEDR docunients listed in Sections 4.1 and 4.2
Previously reported information concerning the Columbia River pathway b in Settiop 4.3. Environ-
mental data On the ground-water pathway are addressed in Section 4.4.

4.1 Air Measaremenis

Historical docurrents concerning air monitoring dats for 1945 through 1957 were searches for.
inventoried (Huesties 1992, 1993), and reviewed (Hagf and Thiede 1994), Historical sampling
| devices are described in Panf and Thisde (1994), along with a brief statement about the problems
associated with using historical air monitoting data collected with each device.

In general, historical measuremetts of air coutamination cannot be used because the historical air
sampling devices did not provide accurate memsyremeénts. The dic sampling devices were difficult to
maiuiain and calibrate, did not exclisively monitor the radionuclide found w be the amjor contributor
of dose, iodine-131 (Napier 1992}, and were used in only 2 few offsite locations. Therefore, the
historical ait menitoring data were not used by the REDR FProject because the data were zot
satisfactory in quality or number for dose caleuiations or validation of models.

4.2 Vegetation Measurements

Hisworical data (1945-1947) of iodine-131 {as total beta activity in l-grzun petlets) in vegeration
are summarized o Devham o al, (19933), Reconstructed conversion and correction factors for these
pehets 1o correct the 1945-1947 vegetation data 1o today's best estimates of jpdine-131 activity are

e described in Mart et 2l (1993), Unccmmty and sensitivity of the conversion and correction factors
for the 1945-1947 vepetation data are discussed in Gilbert et al. (1984). Historical vegetation data
{1948-1951) are symmarized in Hanf er al, (1993), and the conversion and correction factors for best
estimiates of activity for the 1948-1951 vegetation data are described in Denham et al, (1993b). A
year-by-vear overview {1952-1983) of historical documents available concerning vegetation and foods
sampled pear Hanfmd is in Duncan (1994). Databases of historical vegetation data have not been
compited bevord 1951 for the HEDR Project. Henford's Surface Environmemtat Surveillavee Project
has compiled envirenmental media (including vegetation and foods) after 1971.%

4.3 River Measurements

(ay  Unpublished tepert iprojcet no. SESP-PDMS-001), Project aud Dota Manogemene Sysiem (FDMS) Users Guade
Sutface Emviropunertal Surseillance Project, by L. E. Bisping, 1990. Ugpublished report {projsct no, SESP-FOMS-
002}, Project eoui Dare Maragement System (PDMS) Database Steword'’s Handbook, by L. E. Bisping, 199€.

4.1°
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. Environmental Radiological Monitoring
o] of Air, Rain, and Snow on and near
?, the Hanford Site, 1945 - 1957 .

R. W. Hanf
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" March 1994
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Prepared for the Technical Steering Panel
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under Contract 200-92-0503(CDC)/18620(BNW)

-.
i
w .-

F£¢Battelie

Pacific Morthwest Laboratories

-
oF
HAIH YELT-AMNG




i

Calid o
Acuk
’,

e

alal

Introduction

To support the Hanford Environmental Dose Reconstruction (HEDR) Project’s
objective of estimating the radiation dose that individuals could have
received as 2 result of emissions from the Hanford Site, HEDR Project staff
developed a database of historica) environmental measurements. The data from
these measurements are made available to the applicable HEDR tasks and the
public, :

Environmental sampling for radiological contaminants has been conducted at and
around the Hanford Site since operations began in the mid-1940s. This repori
provides information on the measurement of ambient environmental radiation

" levels in the air and on the collection of air, rain, and snow samples for

radiological analysis from 1945 through 1957. The information in this docu-
ment was compiled to assess the type and amount of data collected during these
years. No databases of historical air, rain, and snow concentration and/or
measurement data have been created. During the 1940s and early 1950s, the
equipment and techniques used for collecting radiological samples and -
monitoring radiation levels were often inaccurate. This was due to the
newness of the nuclear industry and the haste with which the industry
(including the facilities and monitoring equipment at the Hanford Site) was
developed. The result was that the air monitering data are insufficient for
use in the HEDR Project. Because access to these data may be of interest to
the public, however, an overview of the available air monitoring data for
1845-1957 is being published.

Data Quality Objectives

The information in\this report has been compiled without analysis. The

original purpose was to provide .an_overview.of the data.available. Because- it - -

was determined that the air monitoring data would not be used in the HEDR
Project, no data quality objectives were established nor were the data
submitted to a rigorous data quality review. The information presented in
this report should only be used as a guide to the original documents. The
originai documents need to be consulted directly prior to use of any of the
data presented in this report.

General Information

For the most part, the data are reported here in the units provided in the
original documents. Mo attempt was made to quantitatively convert the data to
currently used units. Radiation exposure was reported in units of
milliroentgen (mr) and milliroentgen-equivalent-physical (mrep) through the
third quarter of 1953. The roentgen (abbreviated r for old or R for new) is a
unit for defining exposure in the air to x- or gamma radiation (ionizing






