iodide). Interference in bed efficiency because of chloride buildup was also cited by Heeb
f1994]

At times leading up to their regeneration their efficiencies decreased to less than 50%
[Pas and Soldat, 1951]. Their performance was highly variable according to Hanford
monthly operating reports and decreased as they aged and even regeneration did not correct
this. Warren [1961] stated: .prior to 1957, emissions frequently contained large quantities
ofiodine . A 1951 report [Shaw,1951] states: it appears that 20% of I-131 passes to points
not affected by Ag reactors. In March, 1953, four Ag reactors failed and higher I-131
releases occurred [HW-27580, Mar 3]. Many iodine emissions in the multi-curie range
occurred during early 1955 owing to the malfumetion of Ag reactors in REDOX and T plants
[Michels ef a/,1955]. As aresult, new orking limits were established at 1 Ci/d or 10 Ci/wk
maximum. However, these were frequently exceeded as it required 99.9+% removal
efficiencies and such was considered highly improbable [Browne, 1955]. For example,
1955 emissions at REDOX and T plants consistently were above 10 Ci/d and at one point
were as high as 90 Ci/d. Our current estimate of total 1955 releases of 25,300 Ci (Table 4)
corresponded to about 85 Ci/d released.

There are many other reporls documenting the variable and decreasing reactor
removal efficiencies. An release of 44 Ci. in April 2 was ignored by Heeb [1994] who
reported negligible emissions during the month; similarly, in Sep 3 when 100.000 Ci in reen
metal was inadvertently loaded into the dissolvers [HW-89067].

On the other hand, Raab and Van der Cook [1970] reported that the PUREX back-up
silver reactor, which followed an acid-removal scrubber, in treating vessel and room
ventilation exhausts, operated at high efficiency for an extended period where there was
relatively low acidity and chloride content.

... Therefore, in the light of this operating history for :Ag reactors, the release estimates
of HEDR [Heeb94] which credit the devices with 99+% removal efficiencies are verv low
and cannot be considered representative of the post-1951 actual operating performance.
Backup acid and iodine removal devices were in place in 1959-60, from which records, such
estimates were made applicable back to 1951[Warren,1961). In should also be pointed out
that release fractions for the 1950 were based in part on historical stack sample
measurements which were proved to be erroneous and subject to analytical errors
{Browne,1955].

In consideration of evidence of fluctuating reactor efficiencies from 99% to less than
50%, it is our opinion that more realistic release estimates should be based on a mean
efficiency of 95% from May, 1951 to 1960. Herrmann and Herrmann [1996] also
considered that removal efficiencies of 95% (i.e. worse than the 1959-60 estimates by a
factor of 4) were more realistic for the 1951-57 period. A similar conclusion was reached by
Hoffman ef o [1994].
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However, an even greater source of error in HEDR release estimates from 1944 and
over the lifetime of the plants was their neglect of other forms of gaseous radioiodine being
released.

E.4 Organic Iodides:

It now appears that more than one-half of the I-131 released after filters and Ag beds
were installed, was in the form of gaseous organic iodides. The existence of such organic-1
was not considered until they were discovered in downwind air [Perkins,1964]Jand in stack
gases at 30-71%, [Haller & Perkins, 1967}; although Harvey [1962] and McCormack [1962]
had suggested that some organic iodine compounds were formed based on instrumental
stack monitoring. By their nature, organic iodides, or alkyl iodides such as methy!-I and
butyl- are fairly un-reactive gaseous compounds which are readily emitted from acidic
dissolver solutions, are not absorbed by filters, scrubbers or Ag reactors and therefore, not
measurable by stack samplers. These compounds were rot unknown at the time. Initially it
was speculated that the organic form was methyl-I [du Plessis and Sutter, 1969] but later it
was shown to be butyl-I by Haller and Perkins [1967] and this was also confirmed by Evans
and Jervis [1992}.

Napier [2002] speculated that organic iodide was formed by reactive iodine with
organic solvents in the Purex process. However, Evans and Jervis [1992] found that,
whenever inorganic I-131 was placed in acidic solutions, organic iodide, mainly butyl-l,
formed within 2 few hours and moved to any gas space over the solution. In lab
* experiments, the organic was not caught in traps that removed I, or HI but could only be
caught in freated activated charcoal traps. There was no added carbon for the organic-1
formation and it readily formed by iodine reactions with carbonaceous impurities in the
acidic solutions.  These experiments were camried out at 10 to 107 molar concentrations,
similar to the levels in the Hanford dissolvers. The mechanisms and rates of formation of
organic jodide were elucidated in detail by Evans, Mirbod and Jervis [1993]. Further it was
found that the rate of formation of organic iodide in acidic solutions was gredtly acceleratéd
in the presence of high radiation fields such as existed in the dissolvers [Taghipour and
Evans, 2001].

Considering the high acidity and elevated temperatures in the Hanford dissolvers, itis
conservatively estimated here that a fraction of 10% of total I-131 was in the form of organic
iodide from 1944 and throughout the operating history. Exactly this proportion of orgatic
iodide was measured also in I-131 solutions by Numakura, Sacki and Tachikawa [1973].
That such appreciable Ievels of other forms of gaseous iodine had been overlooked was
pointed out in two previous iodine reports [Jervis95, McNJ99]. Such gaseous organic
iodides, being much less reactive than I, and F, passed freely through fiber filiers, scrubbers
or Ag reaciors and were not trapped in stack samplers, hence went undetected. Marter
{1963] stated that Iab testing of caustic scrubbers (used for stack sampling) indicated a 92%
efficiency to frap I-131. However, when compared with charcoal bed samples taken at the
same time, what they had collected was actually only 20% of total iodine in the stack. Since
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charcoal was a good collector of ail iodine species, this comparison can now be seen to have
indicated that about 80% of the I-131 was not elemental but organic jodide,

The presence of this postulated 10% fraction of organic-I in the dissolvers would
also constitute about 10% of I-131 in emitted stack gases from 1944-48, 15% from May 8 to
Oct 0, 40-60% from Nov 0 to Apr 1 and 65% thercafler. The revised RF given in this
present report (shown in column 7, Table 3), reflect these substantial proportions of organic-
-

The existence of such a large proportion of organic-1 at Hanford had very serious
implications, not only for revised RF values, but also for atmospheric dispersion and
deposition, conversions by atmospheric chemistry, and pathways to human exposure and
animal uptake. Unlike the reactive (inorganic) iodine and iodide, organic-I would have
deposited more slowly at greater distances, would not as readily have been adsorbed on
airborne particulate matter, and would have been much more slowly converted to inorganic
iodine by sunlight and through atmospheric reactions.

E.5 Computation of RF, Release Factors (1944-1956);
A significant revised correction factor in this report is the RF, release factor (shown
in columm 7, Table 3)
Release Factor, RF = RF .1, + RE,,; + RF ocessing R condensate
where:  RF e, IS fraction released during dissolving, less that
removed by scrubbers, {ref. Work,1946]
RF,,.; is fraction of iodine released as org-I,
RE rguessing 18 fraction released-in subsequent handling and processing, -
less that removed by sand beds
RF,,geasare 18 fraction removed as stack condensate
Assumptions made for these computations;
86% evolved during dissolution and air sparging (inorg + org-I)
10% of iodine was organic {(not removed by scrubbers)
(assumed to be the same for B, T, REDOX and PUREX plants)
7.5% evolved after dissolution stage in subsequent processing
3% was collected as stack condensate until 1948
40% removal efficiency of water scrubbers
30% removal efficiency of sand beds
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For example, for the period: May & to Qct 1:
RF = 0,08 + (100-40%)(0.86-0.09) +(100-30%)(0.07) - 0.03 = 0.57

The corresponding RF over the 1944-1956 time period are given in the table below.

Table 1
Revised I-131 Release Factor Estimates: {1944-1956;all plants)
DATE Estimated RF | HEDR-Heeb RF Ratio
Startup May 8 0.91 0.1 0.905 1.0
May 8 - Oct 8 0.59 0.08 0.285 2.07
Nov 8 - Oct Q 057 0.08 0.25 2.28
Nov 0 - Jan 1 0.20 0.04 0.12 1.67
Feb 1 Apr1 0.14 0.03 0.05 2.80
After May 1 0.14 0.03 0.0125 11.2 ]

In the appended table (Table 3} are listed the HEDR [Heeb94] release fractions and
estimated monthly 1-131 releases (in Curies) together with our revised FIFO, ECT, LAG and
RF factors which are applied to correct the HEDR underestimates,

There are some inherent uncertainties in our correction faciors which, when
combined; give overall incertainties of the corrected 1-131 releases in Column 10, Table 3.
For the different time periods involved, the combined uncerfainties, expressed as mean

deviations, and which provide estimates of the range of our corrected release computations,
are as follows:

Time Period Relative Uncertainty
1944 1948 10%

1948 1950 22%
After 1950 22%
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. 1504 144th Place S. E. ?:Saﬂg@om )
Mill Creck, WA 98012 - File W
September 22, 1994

Working Copy

Dr. Melvin W. Carter
i . 4621 Ellisbury Drive S. E,
Atlanta, GA 30338.

Dear Mel:
SUBJECT: Source Term ‘Fask Responses (September 9, 1994) to

- EPRP Outstanding Issues Cited in June 17, 1994 FAX,
Carter to Shipler

These are my comments on the subject memo. I realize that [ have

5 provided exhaustive (more likely, exhausting) detail and probably

- more than you would want. I have comsidered this 2 significant

i problem and have been somewhat frustrated by its mat being
‘corrected. © As I have mentioned, my concern has been that technical
errors in’ the particulate releases might tend to undermine the
credibility of the I-131 source term. The reconstruction of I-131

. Solrce term was an impressive ‘accomplishment, and jt warrants high
credibility.

Since December, 1993, the -EPRP has repeatedly emphasized the point
that there is.a problem with the releases of radioactive particulates
{(Ce, Ru, Sr, and Pu) from B and T Plaats for the period of 1944 until
carly 1951; 1ie, the releases are in error and require correction.

This issue is still upresolved.

The subject memo states that the approach used in PNWD-2222-
HEDR involved: (1) establishing generic release factors for the
Iadioactive particles from data available from the operation of the
Redox, Purex, B, and T Flants; and (2) adjusting the generic release
factors, and consequently the releases, at B and T Plants to sccount
for the removal efficiency which existed at B and T Plants. This
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r approach is sound, and it was followed in PNWD-2222 in the
discussion of the I-131 releases from B and T Plants. But it was not
followed in the treatment of the radicactive particulates from B and
T Plants.

The error entered the system by ascribing the particulate
decontamination achieved at B and T Plants only to the water
scrubbers which were ipstalled in the dissolver off-gas lines in May,
1948, Actually, 3 different filtration devices were installed in B and
T Plants at different times: (1) water scrubbers to treat the dissoiver
off-gases (May, 1948); (2) sand filters for the canyon ventilation air
(October, 1948); and (3) deep bed, fiberglass filters for the dissolver .

" off-gases (October, 1950 ¢ February, 1951). The water - scrubbers %
were by far the feast efficient. Their unsatisfactory performance led
to their removal from the plants and replacement with ‘the fberglass z
filters (October, 1930 to February, 1951).

RV RTEL SN

F All of the separations plants had two major effluent air/gas streams
_ containing radioactive pariicles—the canyom ventilation air and the
dissolver off-gases. The combined cleanup of these two effiuent
streams determined -the overal plant decontamination factor for
radioactive particles. :

Redox and Purex- profited from the B and T Plants' operating
" éxperience and had ail of their filiration equipment in place at
startup. B and T Plants had their various filtration devices installed .
at different times. Consequently, an accurate picture of the overall
removal efficiency for radioactive particles at B and T Plaats requires
a considerstion of the installation time and removal efficiency of the
individual flter units. The general picture of the B and T Plant
situation is shown in Pigure 'l Neglecting this consideration has led to
the errors.

This can be illustrated by the PNWD-2222-HEDR information
regarding the release of radioactive particulates at B and T Plants
during the period of 1944 to May, 1948. In the discussion of Pu-239
release factors for B and T Plants {second paragraph, pg. 4.27), it is
stated that "Emission control equipment was assumed to have been
about 99 percent efficient, so the early period (prior to May, 1948)
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Pis-239 release factor for the T aod B Plants was 4.0 x 10™5 . (The-
release factor for prescrubber operstions {1944-1948) was increased
two orders of magnitude o account for increased releases because of
the abscnce of off-gas scrubbers.)”

This is not correct. It is contradicted by the Pu-239 release factor
estimates presented in Table 4.8, page 4.28 and the overall
particulate decontamipation which existed at B and T Plents at the
time the release data were obtained. The B and T Plant data were
abtained during the years 1951 and 1952. -At that time, the water
scrubbers had been removed from the dissolver off-gas lines at B
and T Plants, and the plasts were outfitted with z sand filter for the
canyon ventilation air and a deep bed fiberglass filter for the
dissolver off-gases. Also at that time, & great deal of monitoring data
had been obtained, which established that the overall plant
efficiency for radioactive particles was 99.8%. If a combined plant
average monthly release of 4.0 x 107  existed with a
decomamination efficiency of 99.8% in place, then the release fact
before this equipment existed (pror to May, 1948) was 4.0 x 10~

vs. the 4.0 x 10°F  (as stated in PNWD-2222), and the releases for
this"period of fime were an order of magnitude greater than the
values in PNWD-2222.

The samé type of situation exists for the Ce, Ru, and Sr releases from
B and T Plants during the period of 1544 to May, 1948. The generic
release factors for. these radionuclides in particulate form were
obtained from Redox snd Purex Plants, Redox and Purex had their
complete filtration systems in place et startup. These were more
efficient than the final system vsed in B and T Plants (from late 1950
and eary 1951 to shutdown). In both Redox and Purex, there were a
high efficiency filter for the canyon ventilation air, a high efficiency
filter for the dissolver off-gases, and, in addition, the vent pipes from
all the process vessels were manifolded and the vent gases were
passed through a high efficiency filter. This provided an overall
plant decontamination efficiency for radicactive particles of at least
99.9%.

Since the generic release factors for Ce, Ru, and Sr were obtained at
Redox #nd Purex Plants with s decontamination efficiency of 99.9%
prescnt, the transiation of these factors to¢ B and T Plants for the
period of 1944 to May, 1948 (when there was no filtration '
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equipment at those plants) would require increasing the generic -
release factors by 3 orders of magnitude (vs. a 2 order of magnitnde ' "
increasc in PNWD-2222). This would increasc the rcleases of these '
radionuclides by an order of magnitude for this time period as

compared to the values in PNWD.2773,

o

As illustrated in Figure 1, the dissolver off-gas water scrubbers
would affect the overall particulate removal efficiency at B and T
Plants during two time periods: (1) May, 1948 upeil October, 1948, -
wherein they were the only particulste removal device installed in
the Plants; and (2) October, 1948 until October, 1950-Febroary, 1951,
wherein they remained in the dissolver off-gas lines, and the sand
filters were in place to filter the canpyon ventilation air,

The EPRP has questioned HEDR's use of a particle removal efficiency
of 99% . for these water sctubbers. The question has been hased upon
the following factors: T

1. Measurements were made of the particle size distribution of
the radioactive aerosol at B and T Plants. The radioactive serosal
. . was determined to have a mean particle diameter of 0.2 - 0.3 micron.
High efficiency removal of sub-micron particles from air/gas streams
requires specialized equipment. It would not be expected that the B
and T Plant ‘water scrubbers (a column packed with Ber] saddles with
4 water diswibution ring at the top) would be capable of achieving ap
efficiency as high as 99%, : -

2. Early development studies were conducted with a test
scrubber having the same design as the B and T Plant water
scrubbers and operated on the plant radioactive acrosol. The tests
were conducted with and without steam injection prior to the

- scrubber.  Steam injection did improve the efficiency, but the plaat
umits were never operated using this techniqus. The test results
without steam injection racged from 53-90%.

3. PNWD-2222 cites HW-67520 as providing informatiop
which established the particle removal efficiency of a water scrubber
in the Redox Plant at 99%; hence the basis for using this value for the
B and T Plant scrubbers. The design of the Redox scrubber is not
presented in HW-67520, and the Redox effleent air streams were

4. ™
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efficiency was approximately 93%. Since the generic release factors
and @ plant filtration efficiency of 9% were used for B and T Plants,
the particulate releases in PNWD-2222 are low by a factor of
approximately 70.

Following the replacement of the water scrubbers with the silver
reactor/fiberglass filter assembiies (10/1950-2/1951), the oversall
particulate removal efficiency of B and T Plants was in the order of

99.8% (Figure 1). The generic release factors are applicable, and the
release values in PNWD-2222 are correct,

The other issues in the reference memo are secondary and relate to
cerlier comments from the EPRP. These comments were made in the
interest of secking or sttcmpting to assist the clarification of seme of
the complexities associsted with the treatment andfor rcleases of
airborne "radionuclides from the separations plants. If any of these
are still considered open, they should be closed.

. Mel, it has been an interesting and enjoyable project. [ have

thoroughly enjoyed being a member of the Panel and our working
together. [ hope our paths cross again.

Best personal regardk,

s’

A. G. Blasewitz

cc: Bill Shipler -
File
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Indu
$3 Use of Natural Airborne Radioactivity to
-4 - 2
Scm Evaluate Filters for Alpha
'-::‘ 2 § . - r 1
EE o Air Sampling 3.
Hf
@ g = C. L. LINDEKEN
iég Lawrence Eadiation Laboratory, University of California, Livermore, California
o
%? Using natural sirborne radioactivity as a test aerosol, & method is described
which is designed to compare the surface colletion efficiency of filters used for alpha
air monitoring.
Infroduction Natural Airborme Radioactivity
ADESIRABLE property of an alpha air-sam- Natural airborne radioactivity originates with In
pling filter is that the colleeted activity be  uranium and thorium found in varying amounts >4s
vetained on the filter surface to avoid eounting throughout the surface of the earth. In the radio-
losses due to burial. Most of these fillers now  active decay scheme of each element a gas is
in use have been tested with 0.3-micren ¢i-2- produced—radon from uranium and thoren
etbylhexyl phthalate (DOP) particles (DOP- from thorium, These gases diffuse into the at-
Smoke Penetration and Air Resistance of Filters, mosphere where they decay into solid danghter .
. Military Standard 282, Methed 102.9.1, May 28, products. Decay schemes for each of these gases [
| 1956, Government Printing Office, Washington, are shown diagrammatieally in Schemes 1 and 2. ; aang
> D. C.). While this test is useful in rating filters = These decay products become attached to-air- b*.‘;.“‘
- for their ability to retain particles of this size, borne dust particles, Fach of the decay schemos Ii 1
’ it does not provide adequate information if the containg alpha emitters, Consequently if at- }m'
filter is to be used for sampling airborne slpha- mospheric dust is collected by fltration, the loun
. emitting radioisotopes, becavse it gives no dis- concentration of sirborne radon and thoron ‘f._pT
- tinction between surface collection and burial. daughter produets can be determined from the :;:kt
- Depending on the burial depth and the density collected alpha activity. The concentration of 1(;1' o
of the filter, buried alpha emitters may escape  natural aitborne radioactivity varies depending cmal-
detection hecause of complete energy dissipation  on-the geographical area, Withina' given "aréd worl
st © within the filfer medium, Thus it is seen that in  the concentration also varies with changes in nate
contrast to chemical amalysis, where the only meteorological conditions. Diurnal variations are -r:sbc.;
requirement for detection is retention, direct well recognized. Burke and Nolan! jound that :smti
alpha counting is only effective for particles col- natural airborne activity increased with in- ; e
lected on or near the filter surface. Accordingly, creases in the concentration of condensation nu- 1 r:fdi
a test method showing the relative surface col- clei. They found further that, with an inerease cien
lection efficiency of filters would furnish informa- in the coneenmiration of the larger less mobile 4 Whe
tion of considersble value. ians, there also was an accompanying increase in wors
In prineiple, this method should employ an intermediate and smaller jops. ;t may be as- collc
alpha emitter, such as plutonium, generated as sumed, therefore, that conditions promoting mix
an aerosol in the particle size range typical of buildup of large dust particles in the atmos. tiele
air-contammating aceidents. However, in addi- phere may also tend to increase the number of # teat
tion to the obvious difficulties in selecting a  small particles. ' min
“typical” size, there are many technieal prob- From & medical and heglth physies stand- ; reto
lems associsted with controlled particle-size gen-  point, there Is interest in the degree of lung re-
eration. In the method described here, use is temtion of particles in the range of 0.001 to 0.1 Apy
made of the short-lived natural alpha activity micron®* If, as suggesied b}'“ some of the :
attached to atmospheric dust. This aerosol oc- authorities, these particles are significantly re- ‘
curs freely in nature. tained ﬂ:}ne f& .alveoh,f then it 1sl_nnport§'nt f'm ‘ :11::;.
L know tency of our sempling media for .
Preseated at the Twenty-second Annusl Meeting of the g . : .. Adil
: > e ol it Michi Tetsining particles in this size range. As the "
.::reﬂnga.hdum Fvwens Assocition, Detosit, Mickigar, numbe?:;f atmospheric dust particles in the size 1 Tl
£32
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range of 0.01 micron and less is exceedingly abun-
dant, compared with mieroseopic sizes, the proba-
bility for. interaction of decay produets with
these very small particles is high. Wilkening* has
found that the major portion of natural activity
is present on particles 0.001 to 0.04 mieron in
diameter, Aceordingly, nature may have supplied
us with a test aerosol well suited for testing fil-
ters for their efficiency in refaining extremely
smal] particles. Its use has appealed {0 many
workers. Carnichael-and Punnicliffe’ employed
natural activity to determine burial losses in an
asbestos cellulose paper. They used an electro-
static precipitator as a reference collector. Har-
ley® aiso used natural radon-daughter ajrborne
radioactivity to determine the collection effi-
ciency of aerosol sampling filters, including
Whatman 41 and membrane filters. Efficiencies
were determined by reference to total activity
callected in a static fon chamber, Hasenclever?
mixed thoron with 2 dust aeroso] of known par-
ticle size to produce a radicactive dust. Concen-
tration of thoren daughter products was deter-
mined before and after filtration to ealculate
refention efficiency.

Apporatus and Test Method

In the present method, three samples of at-
mozpheric dust are collected simultaneonsly at
the same flow rate. The first sampler contsins 2
Millipore A4 filter used as 2 reference collecior.
The test filter, operated in parallel, is the second

filter. The third sampler, again using Millipore,
follows the test filter in series as s backup. This
filter collecis activity penetrating the test filter.
As slpha activity is collected it is detected by
ZoS (Ag) fluors coupled to photomultiplier
tubes. Integrated counts are recorded by ampli-
fier scalers. A skeich of the equipment is shown
in Figure 1.

Although the filters were originaily 47 mm in
diameter, they are held in position by.s refaining.
ving which reduces the effective diameter to €2
mm. Floors are prepared by depositing 10 mg/
em? of seintillator on polystyrene plates 214
inches in diameter by % inch in thickness. The

AlR—=
]

=3 3

Freuse 1. Equipment skeich for filter testing:
(1) Miilipore reference filter collector-detector as-
sembly; (2) test filter collector-detector assambly:
(3) Millipore backup filter collector-detector as-
sembly; (4) high-voltage power supply; (5} Gast
pumps; {8) amplifier scalers.
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seintillator is thermally pressed into the plastic,
Distance from fiuor surface to filter surface is
approximately 0.2 inch. The photombltiplier
tube is a 2-in. RCA 66554 coupled to the fluor
with Dow Corning QC 2-0057. The photomniti-
Plier tube output is fed through s gain-of-10
pre-amplifier to an amplifier sealer. Figure 2
shows the sample eollection-detestion assembly.

Bamgling periods varied from sbout 5 min-
utes to 1 hour, depending on the eoncentration
of airborne activity. As & rule, the sampling
time was determined by the time required for
the reference filter sealer 1o collect 1000 to 2000
counts. The instrument background wes nar-
mally one cpm or fess,

By means of bypass valves, flow rates could
be selected within the range of 0.5 to 3 cfm,
Flow rates were measured gi the air inlets using
Venturi meters equipped with 0- to 1-in, water
Magnehelic gauges. The lower flow lLimit was
established by the accursey with which the
gauge could be read, while the upper limit was
determined by the maximum head developed by
the Gast 1550 air pump. Venturi meters were
calibrated using an 1800-ef/hy dry pas meter,
Overall accuracy of the flow measuring system
as used was approximately +5%. A Ppressure tap
was installed in the test flter assembly, just
after the filter, to measure the pressure drop
across the filter at the selected fow rate (3 efm),
Correction was mads for the pressure drop
across the filter assembly itself with only the
filter support in place.

Using Millipore AA, it follows that relative to
this filier,

Z counts on test. paper X 160

" ¥ counts on Milfipore reference

= % of activity collected on test flter surface,

I counts on Millipore baekup X 100
Z counts on Millipere reference

= &, of penetration through test filter,

and 100 — [% surface collection + % penetra-
tion] = % burial losses within flter.

The above procedure is similar in principle to
the one employed by Carmichael and Tunnicliffe.
The difference is that the present method detects
activity as it is eollected and integrates over the
collection period. Using this technique, every
detectable (counting efficiency is about 35%)
disintegrating event ocourring during the sam-
plmg period is veeorded. If counting began after
sampling—as in the Carmichael method—the
apparent count rate would be lower due to the
short haif-Jife of the activity. Thus, for equal

August, 1961

e B3 L
Fraere. 2. Sample eollection-detection assembly,

sampling periods, the integration method yields
better precision becayse of improved eounting
statisties,

Results and Discussion

Table I shows & comparison between several
filters used or propased for use in alpha air
sampling. In all cases these measurements were
made gt 3.0 efm, equivalent to a face velocity

of 200 fpm.

Data shown in Table T represent averages of

several measurements obtained umder differeni
concentrations of airborne activity. Varjations
in surface collection were within +10% with 1o
significant correlation with concentration.

It appears that for alpha air mentioring the
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glass fiber medim (Gelman E) is superior to
the populer HV-70, both with respect to sur-
faee coilection and flow resistance. While the
Whatman polystyrene paper has higher surface
retention than glase fiber, it has the disadvan~
tages of high flow resistance and being difficuls
10 handle without shredding. Glass fiber is
available in a variety of thieknesses; however,
the thinner stocks are too fragile to be service-
able for field use. As might be expested, the sur-
face collection efficiencies for the two HV-70 pa-
pers (9-mil and 20-mil) show greater burial
in the thicker paper. Final choice of fitter media
must depend on a balance betwecn the factors
of surface eollection, flow resistance, and ease of
handling,

Collection Efficiency of Millipore AA

The Millipore AA paper is used in the test
procedure merely to normalize all measurements
to a single reference. As such, filters are com-
pared onc to another with respect to surface
collection, but always rolative to Millipore AA.
The only requirements of the reference filter
then are that it have relatively high surface
retentivity for ‘the test aerosol employed, and
that it be repreducible in performance.

It is recognized that Millipore AA paper doeg
not collect all the natural activity available
from atmospheric dust. In fact, Fitzgerald and
Detwiler8 found that the optimum size for pene-
tration through Millipore AA was in the size
range of 0.01 micron, the same general range
in which Wilkening found most of the natural
radioactivity., However, since we have found
no reference filter significantly superior to the
“Millipore prodict in surface collection, we have
chosen this filter as a point of reference.

Comparison of Date: Natural Activity Measure-
ments versus DOP

The method just described is designed to de-
termine relative surface collection efficiencies of
filter media. It is of interest, however, to compare
filter penetration data obtained using this
method with the 03-g DOP method, Such a
comparison is shown in Table IT, DOP data are
based on the work of Smith and Suprenant?
The equipment (Figure 1) could not be operated
aceurately at the lower velocities; aecordingly,
a clesed-shell sample holder using larger sections
of filter paper was placed in series with the
Millipore backup filter. Otherwise the procedure
was the same.

Retention of aerosols by a filter is due to
several forces: impaction (inertial separation),
interception, eleetrostatie forces, and diffusion.
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La Mer has discussed these factors in seroe de-
tail.*® For our present purpose it is sufficient %o
note that:

{1) The size of atmospheric dust pariicles
carrying the majority of natural airborne
activity is about one-tenth the size of the
DOP aerosol,

(2} Diffusional separation is more effective for
small particles and is greater at low veloe-
ities, sinee the slower the aercsol passes |
through the filter the more time the par-
ticle will have for diffusion away from the
ar streamiine,

(3) Retention by jmpaction ineresses with
particle size and velocity.

From Table II it is seen that the deviation be-
tween the two methods is greatest for filters such
as glass fiber, which show high efficiency for re-
taining 0.3-,, DOP. Penetration of natural ae-
tivity through this medium appears to be inde-
pendent of velocity. However, because of the
small amount of activity collected on the backup
filter, the statistical errors are too large to con-
firm this observation.

Medium efficiency filters such as HV-7¢ show
good agreement ai low velocities. At higher ve-
locities, when separation of 0.3-x DOP is in-
fluenced by the impaction mechanism, the agree-
ment deteriorates.

Whatman 41, which shows relatively low effi-
ciency for retaining either size aeroscl, clearly
indicates that the penetration of both natural
activity and DOP is velocity dependent. Figure
3 shows the penetration-vs-velocity curve for

- Taucw T o
Comparison of Penctration Measurements,
Neatural Alrborne Activity vs 6.3-x DOD.

Penetration ¢
. " Velocity,
Filter medium ft/min Natura)
sctivity | 08 DOP
Glass fiber 20 2 0.064
150 — 0.
200 2 —
HV-70 24 4 3.5
150 — 0.1
200 2 e
Whetman 41 § -_— 88
5.5 29 —
20 42 k1
50 48 67
160 et 44
118 32 —_
150 - 28
200 22 I5
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Fievre 3. Penetration vs velocity, 03-z DOP and naturs} airhorme radioactivity through
Whatman 41 Silter paper.

Whatman 41 using natural activity and DOP,
Separation of 0.3-x particles by diffusional forces
Is not apparent in this medium at the veloeities
employed by Smith and - Suprenant. “As ‘the
penetration of DOP constantly deereases with
inereased veloeity, this suggests that impaction
is the principal factor mvolved. It appears,
however, that diffusional separation has a strong
influence on partieles of the size earrying natu-
ral activity, as evidenced by the maximum in
the batural activify curve. Beeause of their
small size, this influence is exerted gver g wide
velocity range. Impaction is also involved, but

predominant ai higher velocities than
is the case with larger partieles.

At low velocities it would appear that What-
man 4] retains small particles better than 0.3-n
particles. At 200 fpm, the penetration data be.
Iween the two methods are in elose ggreement,
For those who use Whatman 41 for atmospheric
sampling, these results suggest an additional
argument for higher face velocities, Not only is
refention of 0.3-u particles reasonably good at
200 fpm, but also it appesrs that very small
particles are better retained at this velocity.

Summary

A method has been described using xatursl. .

eirborne radioactivity as a test 2erosol, which
is designed to compare the surface colleciion effi-
ciency of filters used in alpha sir sampling. Of
the filters tested it appears that glass fiber is
superior to HV-70. Thin sheet polystyrene #l-
ters, although superior to glass in surface colice-
tion, have the dual disadvantage of high resist-
ance to flow and handling difficulty due to
shredding.

Although the method lacks the aceuracy de-
sirable in a peference pracedure for penetration
measurements, 1t does provide & sereening tech-
nique for new filiers for which DOP data are
lacking,

Data are presented for Whatman 41 paper
which show that the retenfion of pariicles in the
size Tange associsted with natural setivity is
quife velocily-dependent. A maximum oceurs in
the penetration-vs-veloeity curve showing that
both diffusion and impaction separation mecha-
nisms are involved. At low velocity {~ 5 fpm),
Whatman 41 retains natural activi ¥ with

—

oy
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greater efficiency than 03-x DOP particles. At
200 fpm, retentions for both particle-size ranges
are in close agreement,
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Am Poryomion Lmrary INDEX

THE BAY ARFA AIR POLLUTION CONTROL DISTRICT established its tech-
nical Lbrary and this specialized index in 1956-57 to serve the District staff and
others who have air pollution problems in the Bay Area. More than 8,000 technical re-
ports and other publications on air pollution and its control have been extensively
eross-indexed for rapid search and retrieval. This index now eonsists of 18,850 refer-
ence cards. It is the most comprehensive index on this subject and is currently valued
at $50,000,
P . Complete copies of the index have been purchased by the United States Public
Hezlth Service, Robert A. Taft Sanitary Engincering Center, Cincinnati, Ohio, and
by the New York State Air Pollution Control Board, Albany, New York. Additional
sets are available and are offered to others at prices ranging from 82,000 to $2,800
depending on the special features desired. The indexes are kept up-to-date by sem)-
annual shipments of the additional cards at a charge of about $250 per year to the
subseriber.

Requests for further information are weleome and should be addressed to: Bexn-
TamIN Linsky, Air Pollution Control Officer, Bay Area Air Poliution Control Dis-
trict, 1480 Mission Street, San Franeiseo 3, Californis- - :
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Notes of Interview With
Bernard Saueressig on 8/15/96

Mr,Sauveressig had a degree in chemical engineering. He went
to Hanford on 1951 as radiatior engineer and was shift head for
radiation engineering that included the 234-5 building(the 2%
plant) until 1854, In 1957 he went to the % plant as day
radiation monitoring (RM) supervisor for 4 years. In 1961 he went
to Purex as an operation shift supervisor responsible for Purex
headend operations as well as for tank farm coperations and
suveillance., In addition, Radiation Monitoring shift perscnnel
reported to him in support of the plant's radiation protection
programs. In 1962 he assumed responsibility for the Strontium
Semiworks, a solvent exﬁtraction process for fission product
recovery whick included loading of shielded transfer casks with
multi curies of strontium and cesium for on and off site
shipments. These operations were transfarrzed to B Plant some time
around 1965 for strontium recovery by solvent extraction and
cesimm recovery by ion exchange. He continued shift operating
responsibilities until Jan.1974 when he became manager of the
radiation monitoring group for the entire 200 area which ipcluded
the 2 plant.. : -

The % plant ventilation system had record samplers at
various locations. There were sampling ports in the ventilation
system ductwork, some at points before and after the HEPA
filters, and at the stack. These permitted the RM crews to draw
off a sample of the ventilation stream through a sample filter.
The sample filters used included Acropore AM 3000 and Whatman 40
and also HV-70 types. These filters had pore size ratings from 2-
10 microns., We @id not try to catch.those particles less than two

“microns.(a Norm P. Nisick who was in radiological engineering

would possibly have a more detailed recollection of the makes and
types of sample filters used). The filter paper would be taken to
the counting room where the alpha disintegrations per minute
(dpm) would be counted and converted into activity concentrations
(microcuries per unit volume) by means of a graph that related
dpm to concentrations. We did not try to Sanyole e varcuum din &g, Q)
The samples for the 291%stack, which was the 200 ft. stack
for the % plant, imnitially would be taken daily. The stack
samples were taken from the stack plenum area at the base of the
stack. The sampler was a piece of pipe with holes in it through
which the stack gas wonld be drawn by & vacuum pump through the
f£ilter at the end of the piping connected to the sampling pipe.
The holes in the sampling pipe were sized and spaced in an effort
designed to obtain an isckinetic sample (an even distribution of
the gasflow up the stack). Arouand the mid-70's a much lmproved
sampling system was imstalled at the 50 f£t. level. The samples
for other sections of the ventilation duct work would also be
taken on a regular basis. Whenever they would get an abnormal
stack sample the RM crews would then backtrack through the
samples for the various upstream locatioms to determine the




source and cause of the abaormal stack reading. They made a real
effort at this work of detection since they were very serious
about discovering and correcting any possible sources of stack
releases.

In the 1970's Continuous Air Monitoring(CaM) devices were
installed throughout the Z plant rooms occupied by personnel.
These devices would sound an alarm and start a light flashing
when the air concentration exceeded a predetermined level. 2
similar device was also installed in the 291Z stack and was set
to alarm just above a certain threshold.

Initally the % plant glovebox ventilation for the %A and 9B
hoods was routed from their glove boxes, which each had a HEPA

"filter, to ome of the E-¢ filter rooms{there were two such rooms

used alternatively). Both the 9A and 9B started with the forming
of an oxalate pexcipitate which was converted to an oxide hy
going through a calciner and the the oxide was converted to a
fluoride via a fluorinator, The 9B hood handled the fluoridation
process {and later on the 32 hood handled the making of plutonium
oxide for special uses offsite and also for the FFTF). This meant
the exhaust from these gloveboxes was filtered through two HEPA
filter stages, one at the glove box and one at the E~4 room.
However because 0f the amount of contamination created at these
glove boxes, around the late 1950's a seperate HEPA filter unit
was established on the second floor for these glove boxes and
their exhaust was routed past the E-4 rooms, so that these glove
boxes continued to have two stages of HEPA filtration, but no
longer utilized the E-4 rooms. Then after the 1976 shutdown,
before restarting, the system was changed to route from the
second stage on the second floor through the E-4 rooms (no longer
beirng bypassed) so thereafter this 9AB process had three stages
of HEPA filtration, one at the glovebox, oune at the second floor
{(room 264) and one in one of the ¥-4 rooms.

The above two pages of interview notes as corrected or modified
in bold type are correct to the best of my recollection.

Aol Ssirrn

“Bernard Saueressig October(;JZ 1996
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- ® Ensure that the Milk Producer Survey report for

the seven counties in which the work was Pplanned

clearly indicated how the results are compdtible or

" incompaiible with the présent dose codes. Ensure

thai;coni;zactrev_iewerspmvidmg oversight of this

 plans these tasks o be performed by outside con -
iractors. S

L

work have detafled knowledge of the present dose -

code parameters. Gain detailed comments from
reviewers on the experimental protseol and work
Dlans of the coniractor before Implemeniing this
project.

Obitain adequate funding to expand the Milk
Producer Survey work to include at least 19 conn-
ties with & minimum of 200 separate observations.
Work closely with the states prior to m:ﬂmﬁ any =
Tuture changes in TSP divected work for Fonding or
any other reason. The TSP beliéved the public
nwst be assured. of continted independent over
sight. -

Work closely with the states’ transition group for
the refnainder of the TSP directed work.* Enstre
the transition team reviews task plans for work -
shops, .

Work with TSP membegs {o provide peer or over-
sight review on work plans and other contractor
work after the TSP sunsets. Have appropriaie TSP
members review fask scopes of work and repart;
findings to the travsition team.

Conduct the remaining doserelated work in an
aper, publicly accessible, timely and independent
way. Ensure that contractor reports are publicly
available and written to easy reading standards.

Conduct a cost/benefit analysis of completing a
comprehensive review of Hanford's unclassified
documents,

Request the National Academy of Sciences con-
duct a complete review of the Project work.

Eey Isstnes Remain o be Besolved

The TSP identified seven priority tasks to be

completed before the panel could say that dose
reconstruction models and data could be used with
confidence in Hanford health-related work The CDC

The seven key issues are, in order of priority:

Air model concerns. Many Péople yemain

- concerned about, “disappearance faciors” —the

Inconsistencles bétwean measwred and predictec
deposition of iodine in the 1940s — and the role
weather and topography may have played in the
smounts and locations of radicactive ipdine
deposited.

- Feed-to-milk transfer fuctors. The major

way people were affecled by zirbome releases

" was through drinking contaminated milk. The

level at which iotdine was transferred from feed
o milk (the feed-to-rnilk transfer factor) account

_ for one of the largest sources of uncertainty

about doses, H scientists can reduce this uncer-

- tainty, resulis will be significantly more relisble.

- Radioactive particles. In early Hanford

separation operations, particles containing
radicactive rutheniim and other isotopes built
up in smokestacks and were occasionally re-
leased. How much these particles contributed to
doses has not been calculated. Anecdotal re-
ports and recorded measurements suggest “hot
particles” could have traveled some distance and
could have eontributed radiation doses to soine
peaple. .

. Mtk distribution. The TSP remains skeptical
that there js sufficient data, about dairy farming
practices and milk distribution underiying
Present dose caleulations. This is especially true
for areas to the northeast of the Tri-Cities. As
milk is so importait to dose, farther work to
Teduce uncertainties here is essential.

“Special populotions” and others. Dueto

location, work and living situations, some peopie

may have experienced doses consistently diffex
ent from those most people received. Migrant
workers, “unbadged workers” and roilitary staff
at Hanfoid, and people living out of the study
area to the northeast may sl assert, with reason,
that ithe cwrrent dose models don't deal with
their sitnations. The TSP has long advocated
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- Chair, Fature of TSP Working Group

Meraber, Environmental Transport Subcommittee
Unclassified Document Review
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Warren Bishop

State of Washington Representafive
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Unclassified Document Reviéw

TSP Member: November 1988 to December 1996

-Mayry Lou Blazek - - ’ -
Staie of Oregon Representative -
Specialty: Health Physics -
TSP Vice Chair, May 1988 to July 1954
TSP Chair, July 1994 {0-December 1995
Chair, Cormruanications Subcomznittee .
Merber, Source Tenmn Subcommtitee, Future of TSP Worlung Group-
Classified and Unclagsified Document Review
TSP Member: May 1988 to Decermber 1995 v

Dr. Glyn Caldwell
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TSP Member: May 1988 to April 1990
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Specialty: Agdculture _
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Member, Communications Subcommittee, Future of TBP Working Group
TSP Member: May 1988 to July 1994 . ; “

Dr. Maurice Bobkid
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University of Washingion . .
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Chair, Source Term Subcoramitiee .

<. Member, Communications Subcomuitiee

Classified Document Review

TSP Member: May 1986 o July 1994

Pr. Genevieve Roessler
Associgle Professor Emeritus
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Specialty: Radiafion Dositnetry
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Unclassified Document Review
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RELEASED FROM ORD SITE
LV, Ramsdet], Jr, C. A. Simornen, K W. Burk, and s, A. Stage¥*

. Magnitade that there Was 2 large areq i the vicinity of
Aﬁm'ﬂd“-ﬁppmxmafﬂ'? 26 X 16* TBq (700,000 1y of 11y Hanford whege doses could be of Concern. Asa resyl, jhe
the Horsed 0 the sir fram entea el processiag piants o Study area shown i Fig. 1 was selected for atmospheric
the Hanford gy I southeenpra) Washington Staee from disperc d deposic odeling, Ti; aul
December 1944 througp Decernber 1549, The Hanford gy Spersion an epost l.? o7 Todeling s TECangulay

h A4 15 centered at 4 40N, tigeasw and extends
renmental Dose Recy ton Project developed @ saite of
€0955 {0 estinate the gpges that aright have resuifed from these ~~ ~3500 vom north 1 souch and 409 M 2ast o

ford Emigsion Tracking (RATCHET) ComButer code is part of Oregon to northem Washingon and from the cres; of the
this suite, The RATCHET plements Lagrangiap. Cascade Mountains to (e castem edge of northery Idaho
Irajectory, Gam;sian-pnfr dispersion mogas that uses hourly The smdy areq is bounded by the major lopographic
meteorological guq Fefesse tate dara 4o SStimate daily thne, features of the region and i5 simared with more of the

integrated ag Roncentrations gyq Suriace coutaminaginy for area on the downwind side of the teleasps, given the
use in doge estimates. Iy this wodel, jodine ¢ breated g5 o pmvaiﬁng wind directioq cases. g
mixture of thyea species (inorgapic BASES, drgamic gaces, an4 M. .
pavticles), Mode daposition Darameters ara functions of b, . lesnake Mou'mam 15 the oSt norable 10po-
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ground is assumeq 1, Caleutating ey depasition of gases, ang exceeds 1,050 m. The southwester slape of Rartlesnake
irreversibie waghgye of the particlas i assumied. RAT; ountaiy is gende, by e northeast face of Ramtlesnake
exp!is:itl_{ s the uneeriaintes iy Wodel paramepgers and in i

12 atmicsphere ccayed duripg Bramsit iy ph, Y area, ver, |
;::6‘?& Wa;:eposzted within the study aveq, ang tha inf The stady areq jg suffici:mly Iarge thay Svsizmatic
T was nsparted got O{ the stady apeq while 5till jn gha air. Yariatians i etedrological climaiplge; condi-
-Health Phys, THA):568-577, 190 e 5 I m  the ape 0logical

tomrs are foupd aC10ss the graa Wind roses are a
Key words; 11y, dose 2ssessment Fadionctivity, airporye: graphical means of showing the climarological disipy.
erissions. amospherie tion of wing directions g 5 location. The wigg 1oses in
Fig. 2 show the effecis of Rattlesnake Mounwin, e
channeling of flow by he Mountain vajjeys aloug the
INT RODUCTION Western edge of the Sdy area. ang ipe prevailing
southwest winds OVEr most of the Mz’d~Coltrmbia Basin
Eapey STUDIES I ha Hanford Envimnmenral Dosa Ra. i

construcrion (HEDR) Project (Ramsdejj and Burk 1993,
! showed thy 111 releases from the j and T fiyal

Processing plags 2t the Hanford Site were of sufficiens more thag 250 v~ in the Cascade Mountains on the

T Westem edge of the stedy area. The annual precipiratpn
" 2aneile. Pacific Norces Laborataries, P.O. Box 9o, Bk along e €3stern edge of the smdy 3rea Is gezerally more
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rate of evolution of the jodine during fiel processing,
According to Heeb (1993), the unceriaingy in dming of
releases ranges from a few hours to 2 day or more. As g
result, the uncertainty in release rate at a specific tme ig

total release over fong periods, for example menths of
Yyears. is much smaller, Coefficiess of variarion of the
monthly release estimates are typically 0.1 or Jower
(Heeb {994),

For HEDR model rups, the iodie associated with
particles was assumed 1o be uniformly distribured be-
tween 5% and 45%., and the 1; was assumed to constiture
20% to 60% of the gaseous iodine, The remajnder of the
iodine was assumed tg be CHal. The range of values for
each igdine fraction, based on these assumptions, is
shown in Table 3. Note that the sum of the fractions is
constrained (o be 100% and that the fraction for the
particulate component is the only uniformly-distributed
fraction. The fractions for I; and CH,I are more likely to
be near the center of the ranges than near the ends. The
distribution of iodine among the three species was
changed from realization to realization but not within 2
realizatjor.

RESULTS

The foorprints for e time-integrated "' sir con-
centations and surface deposition are consistent with the
wind roses shown in Fig. 2. Fig. 4 shows a foorprine
based on the mediag deposition at each of the podes from
100 model ruus. The highest values near the Hanford Site
were found to the east and southeast of the release poipr,
which is cousistent wity the prevailing winds ac the

. Hanford Meteorology Station. Fartber fron the Site. the

highest values are found 1o the northeast, which is
consistent with the prevailing southwest winds in the
Mid-Columbia Basin, The pattern shown in Fig, 4 is
somewhat broader than the footprint for a typical mode|
fun because the spatial correlations in deposition within
a model realization were Jost by using median values.
Variability of the (o deposition from realizarion to
realization is a function of position within the study ares.
In the 100 realizations, the ranges of values at nodes in
the main part of the footprint are genemaily less than a
factor of four. but the rauges for several nodes at the edge
of the footprine exceed an order of magnitude. Table 4
shows statistics for 12 locarions: the rapges of values ar
Yakinm, WA. and The Dalles, OR (which arc on the
upwind edge of the foorprine) can be compared with the

Table 3. Ranges of jodine species fractions.

Composcnr fracion
Componemn Minimnum Maximen
Parcles 5% ase
5 {Ie by
CHJY e 5%
e

WA

Fig. 4. Median estimares of ol ™[ deposition (kBq m™?),
December 1944 through Decembper 1949

Table 4. YVariation in soral '] deposition in 100 realizations of
RATCHET.

Standard
Mean Deviatics  Moxirmmn Miuimur?
Locaion  (kBqm?) @Bqm~) CBqm™)  (kEqm™
Bonner's 34 4.1 415 24
CF:;L 57.1 105 S 330
Coules Ciry 249 &1 43§ 4.5
Lewiston 18.6 g 22 123
Crthatlg it} 53.0 132 174
Pexdlecon 795 22 122 54.5
Richlzrd 65 152 1.+00 335
Ritzville 194 54 3 15
Spokane: 20.1 & I1g 5558
The Dalles 32 1.4 72 09
Walla Walla 70.5 18.7 160 118
Yaking . 67 13 132 15

Tanges at Riclland. Rimville, and Spokane. WA, and
Bomner's Fexry, ID (which are in the main poriion of the
foorprint).

The way in which jodine was pariitioned among the

.

thres species had 2 significant effect on time-intezvated
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Table 5. Spatia} variation of the comrelations betwaey the 3

OTEANC spucies fraction and time-integrated ajr concentrations
B9 s @3 20q 10005 deposition (kBg m~3),
Time-integrated ajr
Approximate <oncenmration Towl deposition
cc -
Location {km} & Conclaion 2 Correlation
Richiang G101 positve g 456 ntgative
Spokage

8702 posiye 0368  pegarive
Bonper's 150 0705  positive 0.047 negative
Foury

Yakims &0 0.186 posidve  gomn not
. significant

The changes ip Correlation are explained Physically
Utpuz by Considering the effecy of deposition oy ajy concentra-
. tion as distapee increases, The effecrive deposition ve.
locity for iodine 5 tegatively Comreiated wiy
fragcion. As g result, when 1 i

//
/
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i4

integrateg Alfr Concantration
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tions far dewnwind vl be relatively high, However,
these higher concentrations do mot resajt ig _
ingly high deposition a distance because the effective
deposition velocity is low.

Yakima, which is includeg in Table 5, js slightly
farther from the refease point than Richiand
correlation  between th, i i

correlation for Richland: bowever, Table 5 shows that
there s no correlation, Although there is go proof,
interminency is Suspected 1o be one of the reasons for the
lack of correlation since RATCHET output indicares that
released materjal reached Yakima only a few times each
year.

The footpring for median estimates of e maximimg
surface contaminarion A any time during the J-y period
is shown in Fig. 6. For most of the study area, the
maximom surface contamination is ~10% of the fora]
deposition. This resulr Is consistent with the Datiera of
monthly releases shown ig Fig. 3. While it is highly
unlikely that the maximum surface contarmination og-
curred simultanequsly over the entire area, ¢ js likely that
the maxima for mog; locations in the magy porton of the
footprint occurred during the last half of 1945, .

Heeb (1994) estitnates thar ~2.6 X 10* TBq of 13§
were released from Hanforg during the first 5 Years of
operation. The wtimate fars of this iodine was estimaced
using the mass palance statisties  generated by
RATCHET (see Tabje 6). It is estimated tha ~56% of
the ' raleased o Hanford was degosited within fhe

Fig 6. Median estimates of 1 mIitum surface Contamiraticy
tkBg m™%). Deczmiber 1942 through December 1949

Baposition In Moda! Domain

Table 6. Variability in the fare of P in (00 realizationg,
December 1944 through 1949,

Total rejmase Bepasitad fn Decayed in it Study
(TBg)  smdy apeq (55} swdy area (%) area (%)

Mean 257 % 1g* 585 9.5 339
Standard deviation 1,37 % [¢P 65 096 . 53
Maximm 293 % 107 T4 1.6 459
Minjnram 233 %y 313 7.3 13y

study area, ~ 0% decayed while in transit in the atmg-
sphere within the study area, and the remaining 34% left
i ir, The uncertaintes jn these fractions are
relatively smali in comparison with the uncertainges in
the values at specific nodes ot for shoner fime periods.

The variability in the organic jodine fraction is g
major conwibutor to the variations in the overa} 31
mass balance. Fig. 7 shows the relationship between the

.

[ deposited in the smdy area and the

Increasing the Organic fraction fncreases the percentage
of *'I that decayeg in, or departed from. the study area,

operations aud (o track the '3'] through the envirowment
Therefore. the HEDR Project develaped a suite of com.
Puter codes to estimate the radionuclide releases, track
them through the environment, and esgmata doses. The
RATCHET computer code is part of this sujte,

d

[v;]

20% 20%  40% 50% W% 70%  80%
Organic lecing

P

SS406003

Fig. 7. Variadion in Perezt of ' degosited 25 2 funcion of the
percene of arvonie sats_ -
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John Till

November 19, 200

UNITED STATES DISTRICT COURT
EASTERN DISTRICT OF WASHINGTON
IN RE HANFCRD NUCLEAR MASTER FILE,

RESERVATION LITIGATION No. CY-91-3015-WEN

VIDEQTAPE DEPOSITION OF: JOHN TILL, Ph.D.
Taken on behalf of the Plaintiffs

November 12, 2004

-

BE IT REMEMBERED THAT, pursuant to the Washington Rules
of Civil Procedure, the deposition of John Till, Ph.D.,
was taken before Barbara Birger, Registered Professional
Reporter, Certified Realtime Reporter and Notary Public
for the State of Colorado, on November 19, 2004,
commencing at the hour of 8:58 a.m., the proceedings

being reported at Gibson Dunn & Crutcher, 1801

California Street, Suite 4200, Denver, Colorado.
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John Till

November 19, 2004

Page 4

Page 2
1 APPEARANCES 1 mm&n&ﬁgmmm ]
2  FOULDS LAW OFFICE 2 pusvant to the Washington Rules of Civil Procedure. B
3 BYTOMH.FOULDS 3 TrEEr
4 703 Sixth Avenue North 08:57:33 4 THE VIDEQGRAPHER: We arc on thie record. This |
5 Seattle, Wash:ﬂgion 98109 08:57:35 5 :
6 Phone: (206) 285-8390 08:57:39 €
7 Fax: (206) 285-8494 08:57:42 7 : ; :
8 E-mail: tomfonlds@gmail.com 08:57:46 8 Lusomhwestsaammue,mmm&agm
S AppeanngonbehalfofthePIamnﬁ's 08:57:51 9 97204, L
10 0%:57:5410 Mvndempedeposiuonhasbeenmﬁoedby
i1 HABERLAWOFFICE 08:57:5711  sttorney Thomas Foulds, and is beiri hield on
12 BYROY HABER 08:58:0012 November 19, 2004, at 858 am, The location is 1301
13 1480 Buck Street 08:58:0713 (alifomia, Suite 4200, in Deaver, Colorado.
14 Eugene’ol-egong‘7405 08:58:1014 The case caption — the case caption is In Re
15 Phone: (541)485-6518 $8:58:1615 Hanford Nuclear Reservation Litigation, United States
16 E-mail: haberpc@cyber-dyne.com 08:58:2016 District Court for the Eastern District of Washington at :
17 Fax: (541) 485-6418 08:58:2417 Spokane, Case No. CY-91-3015-WFN. The deponent is Foha .
18 Appearing on behalf of the Plaintiffs |08:58:3218 Till -
13 08:58:3319 Wonld counsel and ali present plesse identify
20 . 08:58:3620 yourselves and state whom you represent. -
21 08:58:3921 MR. FOULDS: I'm Toin Foulds, Erepresent the 3
22 08:58:4322 plainfiffe.
23 0B:58;:4423 MR. HABER: Roy Haber, 1 represetit the :
24 08:58:4624  plaintifls, 4
25 08:58:4625 'MR.RADFORD: And Lee Radford representing the |,
Page 3 Page 5)
1 APPEARANCES CONT. 08:58:48 1  defendants. ;
2  MOFFATT, THOMAS, BARRETT, ROCK & FIELDS | 08:58:50 2 THE VIDEOGRAPHER: The deposition: is being L
3 BYLEERADFORD 08:58:31 3  taken before Barbara Birger, court reparier, who will .
4 420 Memorial Dtive 08:58:55 4  now swear in the witness.
5  Idaho Falls, [daho 83405 08:58:57 3  JOENTILL,PAD., . . .. . . .. 3
& Phone: (208)523-6700 08:58:57 6 baving becnﬁzstdulyswomtoslateﬂlewho}etmﬂ:,
7T Fax (208)522-5111 08:58:57 7 tegtified as follows:
8 E-mail: kin@mottatt.com 08:58:57 8 EXAMINATION
9 Appearing on behalf of the Defendants 08:59:08 § BY-MRFOULDS:
10 08:59:1010 Q. Dr. Tilj, as you know, my name is Tom Foulds,
11 08:59:1411 and I represent the plaimtiffs. This deposition -
12 08:59:1712 perhaps you've bad previoas depositions - itg reallya
13 08:59:2313 cour-mandated procedure, but it's in the very informat
14 08:59:2714 seting. Butthe witnesses are required to respond to
15 08:59:3415 the best of their knowledge and as truthfilly as
16 08:59:3716 possible.
17 08:59:3817 Nuwxfanyomofmym&ousare - that yon
18 08:59:4418 can'tquite understand it or you didn't hear it ali,
19 08:59:4719 anything of that nature, don't hesitate to 2sk me to
20 08:59:5020 repeat it or to clarify it for you.
21 08:59:5421 ‘The attorney representing the defendants here,
22 08159:5722 M. Radford, may on soms gocasion have an objection 1o
23 09:00:0123 my questions. Once he gets the objection on the record,
24 09:00:0624 then you can go ahead and proceed to answer since all
25

09:00:1025

objections — the dztermmatm of the validity ofall

2 (Pages 2 to 5)
cchif345-e59a-4241-8954-dac05ddg4dt0




dohn Till

November 19, 2004

I other words, even though this was indicated

Page 14 Page lé§
09:17:56 1 The seven key issues are in order of priority: 09:22:47 1 asthe number-one priority to make an improvemeat o, is |
09:18:00 2 1. Airmodel concems. Many people remain concerned | 09:22:53 2 it your testimony that the — that improvements in the
09:18:06 3  aboul, quote, disappearance factors, end of quote, 09:22:58 3 RATCHET mod] itself were not ngeded; is that correct?
09:18:10 ¢ hyphen, the inconsistencies between measured and 09:23:02 4 Isthat correct?
09:18:14 5  predicted deposition of indine in the 19405, hyphen, and | 09:23:03 § MR. RADFORD: Objection, compound.
09:18:18 6 the role weather and topography may bave playedinthe | 09:23:07 6 MR FOULDS: I'm sorry, I didn't hear that
09:18:22 7  amonnts and locations of redioactive iodine deposited.  { 09:23:10 7  Iast response. Would you read it back.
09:18:29 8 Now, Dr. Till, in reading this, would it be 09:23:16 § THE REPORTER: I don't think he gave a
09:18:33 9  comect fo say that a5 of the time of the release of 03:23:17 9 response.
09:18:3710 Phase il ~- of the Phase H HEDR report in 1994, would [ 09:23:181¢0 A. Tm going to ask you to repeat your question
09:18:4511  ithe comect to say Gt it could not be used, quote, ©9:23:2011 again
09:18:4912 With confidence in Fanford beatth-related work, end of | 08:23:2812 Q. (BYMR. FOULDS) Is it your testimony that
09:18:5413 quote? 09:23:3613  despite the indication in the TSP final report that the
69:18:5714 MR RADFORD: Objection, form. 09:23:4814 air modsling needed some work to remedy disappeatamce
09:19:0015 A. Twonld appreciate your repesting that 09:24:0815 factors and inconsistencies hetwesn measure and
09:19:0216 question. 09:24:1216 predictions deposition of iodine in the 1940s, is it
09:19:0417 Q. (BYMR.FOULDS) Sure. Wouid itbe correctto | 09:24:1817  your testimony that subsequent studies showed that such
09:19:0618  say that as of the time the Phase Il HEDR report was 09:24:2218 improvement in the RATCHET model was not necessary? [
09:13:1619 released in 1994, that it could not be used, quote, With | 09:24:2619 MR. RADFORD: Objection, compound, foundation. [
09:19:2420 confidence in Hanford-related work, end of quote? 09:24:2920  A. AsImentioned, af the end of HEDR we
08:19:3121 A Iwonld say that when the Phase II results 09:24:3221 ndicated there were a number of concerns about the air
09:19:3B22 were refeased, there was additional work that we felt 09:24:3622 model that warranted 2 further look, And these were
09:19:4623  thatshould be done, These are notmy words thatthey | 09:24:4323  looked at subsequent to the HEDR project. Andin
09:19:5224  could not b used with confidence, of course, but~and | 09:24:4924. _addition to this, the-modekhas been reviewed, peer- -
09:19:5825  that following what was done, or following that report 09:24:5625 reviewed, validated, and as a result has not been .

Page 15 Page 17
09:20:02 1 in 1994, there were 2 pumber of additional issues that 09:25:03 1 changed. AndIdo not feel tuat it needs to be changed, ’
05:20:11 2 were addressed by CDC and other scientists that would 09:25:45 2 MR. FOULDS: Would you mark this as - I guess g
08:20:20 3 have raised this level of confidence in the TSP results. 09:25:49 3 the next exhibit should be 3.
09:20:29 4 Q. Now the -~ do you know what improvements, if 09:26:05 4 {Deposition Exhibit-3 was marked.)
049:20:53 5 any, bave been made in the air modeling since this_ 09:26:15 5 Q. (BY MR FOULDS), De. Till, the repartexhas - "

1097213016 final — Since the nal Phase  report? 09:26:17 6  passed you Exhibit 3, which is emitled Technical

09:21:06 7 MR. BADFORD: Objection, form, ambiguous. 09:26:23 7  Steering Panel Task Report, published Decerber 1995, |
09:21:11 8 A. Idon't know that the air modeling has been 09:26:29 8 Comparison of HEDR Atmospheric Models to Environmental §
09:21:13 9 changed much at alf, What I can tell you is that since 09:26:33 9 Dataat Other Sites.
09:21:2210 that time the air model used in HEDR, which is the 09:26:3810 And ] would direct your attention, sir, to
09:21:2811 RATCHET model, has undergone a tremendous amount of | 09:26:4011  pape 9 in which they are reviewing the Regional
09:21:3312  scrutiny, review, vatidation, and so forth, S0 I wonld 09:26:5712 Atmospheric Transfer Code for Hanford Emission Tracing,
0$:21:4213 haveto putitin that context that the RATCHET model 09:27:0413 we're using the acronym RATCHET. And the number-one
09:21:4614 has held up very weil. 09:27:1214 conclusion, *Time Sequence-Vegstation Contamination
09:21:5215 As far as changes are concerned, Bo, they have 09:27:2315 Comparisons. Visual evaluation of the HEDRIC model is
09:21:5516 notundergone — RATCHET has not undergone significant { 09:27:2816  that ouly below about 316 tanocuries of Todine-131 per
09:22:0017 changes. 09:27:3417 kilogram of vegetation does the median prediction of the
09:22:0118  Q (BY MR FOULDS) Well, the reasonfask isthe | §9:27:3718  model agree within the factor of tiree within the
09:22:0419 list of the key issues that remais to be resolved, the 09:27:4019 measured results. At higher concentrations median model
09:22:0820 air model was listed as the number-one concern. Now if | 08:27:4320  predictions ate within an order of magnimde agreement.
09:22:2421 Yunderstand your response comvectly, sir, you feel that 09:27:4621 Furthermore, the model undezpredicts the resultant
09:22:2722  subsequent analysis of the RATCHET raodel indicated that } 09:27:4922  Todine-131 in the great majotity of cases.”™
09:22:3523 it was holding up fairly well, to use your — T'm trying 09:27:5523 Now wonld it be your testimony that farther
09:22:3524 {0 use your temminology ~ or how would you express it? 09:27:5724 swdy of RATCHET indicaied that that vnderprediction and
09:22:4523

09:28:1025

coming just within an order of magnitude at higher

5 (Pages 14 to 17)
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- . ' UNCERTIFIED ROUGH DRAFT

Page 1
1 UNITED STATES DISTRICT COURT

2 EASTERN DISTRICT OF WASHINGTON

3 **UNCERTIFIED ROUGH DRAFT*¥

4 IN RE HANFQORD NUCLEAR MASTER FILE

5 RESERVATION LITIGATION No. CY-91-3015-WFN
6

7 DEPOSITION OF ARTHUR S. ROCD

8 Taken on behalf of the Plaintiff

9 November 5, 2004

10 ——
11

- i2 BE IT REMEMBERED THAT, pursuant to the Washington
13 Rules of Civil Procedure, the deposition of Arthur
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. UNCERTIFIED ROUGH DRAFT

Page 130 . Page 1321
MR. FOULDS: T% read from the paragraph .

just above the equation number 2.60. "The mass
removed from each puff is determined by analytical
integration of deposition fiux over the area covered
by the puff and computation interval, )

"The mass removed from each puff to account for
dry deposition of particles and dry and wet

MR. FOULDS: Okay.
BY MR. FOULDS:
Q. So Iunderstand it's -- it's your - it's
still your thought that somehow or another there was
a way of establishing or coming up with the hourly
refease quaniities, other than just taking the
monthly amounts and dividing it by a certain number

DN UT D WA

1
2
3
4
5
6
7
of days and hours? 8 depositon of gases is computed using," and then he
A. (Nodding in the affirmative. . & gives the integral formula,
10 Q. Okay. 10 Then the next sentence undemeath the first
11 THE COURT REPORTER: Is that a yes? 11 formuda, 2.60, is, "Substituting the deposition of X
12 - THE WITNESS: Yes. That's a yes. 12 from equation 2.29 for X and performing the
i3 MR, FOULDS: Now, let mesee. DidTgetS |13  integration, the decrease in material becomes,” and
14 outyet? Yeah. Ithink I did. Justa second. I 14  then he's got & - an algorithm — or equation, I
15 had S here some place. 15  guess, to represent the —~ the decrease in
16 MR. PIERSON: So if that assumgption is 16 material, And he — there's a number two in front
17  incorrect then what? Would it make it less 17 of the right side of the equation. Now, according
18 accurate? 18 1o his testimony, he believes that that last
19 MR. FOULDS: Yesh. Oh, hereitis. Iwas 19 integration was done in error and he submitted two
20

20  getting ready to give it to you two gentleman.
2% Would you mark this as a (sic) exhibit, please.
22 {Whereupon, Exhibit-13 was marked for
23 identification.)

) 24 BY MR. FOULDS: .
- 25 Q. Now, Mr, Hanna, I understand that —

different ways to do that equation.
BY MR. FOULDS:
Q. My question to you is, have you réviewed
any of that materiai? [
A. Treviewed the ~ his deposition statement
~ and followed through the mathematics and performed |

"N MO

Page 131 Page 133
1 MR. RADFORD: Mr, Stewart - Mr. Rood, 1 the integration myself. First, just for the record,
2 THE WITNESS: Mr. Rood. 2 that's not an X, it's a chi (CHECK). Pronounced
3 MR. FOULDS: I'm sorry. Please forgive 3 chi
4 me 4 Q. Okay. "
5 THE WITNESS: You are forgiven. 5 -~ A:#'saconcentrate. Just for the f
=T 6 7 BY MR, FOULDS: 6 record —
7 Q. Mr. Rood, I understand that you read 7 Q. Sure.
8 Doctor Stewart's deposition? 8 A — so we're talking the same terms. And
9 A, Mostofit. 9 when 1 did the integration 1 —- 1 agreed with — 1
10 Q. Yeah. Okay. Do you recall in the early 10 came up with what Doctor Stewart came up with,
11 part of the deposition that he pointed out to what i1 Q. Okay.
12 he thought was an error in the formulas used by HEDR | 12 A. Now, 1 called Van Ramsdelt and had him
13 to calculate the amount of the — I'm coming to the 13 ook into this matter. He refurned my call and came
14 right part here - the amount of the deposition — 14 up with this resolution.
15 no -- comection - the amount of the depletion from i5 RATCHET has a typographical error in
16 the piume. Do you recalt that? 16 equation 2.61 and an omission in equation 2.61. The
i7 A. You're asking whether I recali him 17  typographical error revolves around the ferm G of Z.
18 questioning the correctness of equation 2.617 The 18 It should be G prime of Z. G prime of Z is given by
19 analytical integration? If - if 1 remember 19  the form similar to what's shown on -- in equation
20 cotrectly, that was the eguation in question. 20 2.31 on page 2.25 of the RATCHET manual.
21 Q. Well, this was on pages 225 and 238, 21 Q. Okay.
22 A. Right. Equation 2.61 is on page 238. And 22 A, Everybody there?
23 from my understanding of his — reading his 23 Q. Yes. I'mready. Go ahead.
24  deposition, he guestioned the integration that is 24 A. Okay. That -~ he explained to me that
25  initially introduced in equation 2.60. 25  that two should not be there for G of Z prime.
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Page 134 Page 136 [
i Okay'? So G of Z prime is equal to G of Z without 1 Q. I'm--wherelis G prime of ~no — G .
2  that two. 2 prime of Z found?
3 Q. All right. Now — 3 A. This is what I referred to earlier, that
4 THE VIDEOGRAPHER: You'vegotaboutid 1 4 Mr, Ramsdell admitted a mistake in the RATCHET
5  minutes left on the tape. 5 manual. Well, a tynographical error and an
6 THE WITNESS: Okay. Without ~ if we 6 omission.
7  define in equation 2.61, replace Gof Zwith GofZ | 7 Q. Um-hmm.
8 prime, then the integration is comect and thattwo { 8 A, Tl use those terms.
9  should be there. 9 Q. Sure,
10 BY MR. FOULDS: 10 A. The typographical is that in - in :
i1 Q. Now, can'we go back to equation 2.31, and {11  defining equation 2.61, he should have had G prime |.
12 tell me what that represents? And maybe [ 12 ofZ
13 misunderstood you. I thought this was the one you | 13 Q. Okay.
14 referred to. 14 A. And the omission is, he didn't define what
15 A. Oh, okay. 2.31 is the vertical term and 15 G prime of Z was.
16  it's a component of 2.29, which is what's 16 Q. Yeah. Right. And there's no definition
17  substituted there, 2,29, if you can see there — 17 of — of G -- G prime of Z, is there?
18 Q. Yes, 18 A. Notin the - the RATCHET manual. That
19 A. ~is —has chi has a function of the 19 was an omission.
20 radius R,. 20 Q. Okav. .
21 Q. Um-hmm. 21 THE VIDEOGRAPHER: You've got about five
22 A. Actually, R is in terms of a distance. 22 minutes left on the tape.
23 Q. Um-hmm, 23 MR. FOULDS: Sir?
24 A Z, thatis the height and time. Okay? 24 THE VIDEOGRAPHER: Five minutes left on
25 Now,youseethereithasatermGofZinthere, |25 the tape.
Page 135 Page 137
1 See G of Zin equation - 1 MR. FOULDS: Okay.
2 Q. Wait, Just a second. Just a second, I'm 2 BY MR. FOULDS:
3  looking forit. Yeah, GZ? 3 Q. Well, for somebody like yourself or Docior
4 A. Right. Gof 2, 4 Stewart that further wanted to test the accuracy of
5 Q. G--okay, Gof2? 5 this thing; where would they do to find what the
-y ‘Al Right. G is the function of Z, 6 definition of G prime of Z is? Is there some other
7 Q. Yeah. 7 source that it may be available?
8 A. Okay. Now, G of Z is given by equation 8 A, Thatis -- I think, suffice & to say,
9 231 9  that the mistake in the — in - the - the
10 Q. Okay. 10  typographical mistake or the omission caused much
11 A. Okay? So when he substitutes chi, given 11 confusion. And you wouldn't go to ook at that,
12 by equation 2.29, he is also putting G of Z in 12 you'd just need to define each term and work through
13 there. 13 the mathematics.
14 Q. Right. Okay. 14 I suspect the reason why they went that
15 A. Okay? Now, what Ramsdell did was, define |15 approach — and, in fact, I mean, I looked at it and
16  another term called G of Z prime. And G of Z prime | 16 said, well, why did they do that? But there --
17 is G of Z without that two. So in the langage of {17  there was reason for it and because that's the way
18  mathematics we say, he factored the two out. 18 they worked it In the coding. It's the way they
i5 Q. So this last equation 2,61, would be 19  wanted 1o represent it in the coding.
20 correct without the two, Is that right? 20 Q. Okay. Okay. Now, have you had a chance
21 A. Equation 2,61 could be written two ways, 21 to ever review their coding to determine that they
22 Cauld be written as it's stated here without the 22 did work it out propetly?
23 two, or as stated here with the two, but instead of {23 A. Yes, 1did review —
24 GofZ, Gprimeof Z, where G- Gprimeof Zisas 124 Q. Okay.
25 I have previously defined it. 25 A. -~ the coding.
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Page 138 Page 140 |
1 Q. Did you -- did you confirm, in your own i THE WITNESS: There ~ there needs to be
2 mind, that the actual coding does not creste the 2 some statement made as to there - we cannot, as
3 error as suggested by the printed equation 2.61? | 3 sdentists, do everything from the ground up. From
4 A. 1-Treviewed the coding and looked at 4  ground zero. We have to rely on work, quality work,
5 Doctor Stewart's — where he pointed out the error, | 5 of others, And we establish that quality by the
6 and then went back to the definkions of all the 6 peer review process and by fooking and checking each |
7 terms that made up that equation. Andsp, onthe | 7  one of our — all our work to — if — if we cannot
8 surface, without looking at the definition of the 8 proceed in that, if everybady has o check
9 terms, one might conclude there was an error. But{ 9  everything from the ground up, then we can throw our
10 after reviewing the definition of the terms, Fm i0 ams up and give up. I mean, we have to build on
11 satisfied that the equation was coded correctly in 111 what's been done before.
12 RATCHET. 12 BYMR. FOULDS:
13 Q. Okay. Oh, well -- well, you would still 13 Q. Mr. Rood, isn't it also true that you
14 npeed the definition of G of Z prime, wouldnt you, 14 never hothered to - or ~ or never — I shouldn't
15 1o make that defermination? 15  use the word bothered, because I'm not frying to be
16 A. G of Z prime is defined within the code 16 disparaging.
17 and it's defined as Van Ramsdell had explainedtn {17 Tsn't it true that you never ran Stewart's
18 me. 18  mass balance file, for whatever reason, afthough it
19 Q. Okay. 19  was identified for you several months ago, along
20 A. And I found the definition, it ~ it can 20  with the devices on how to run it?
21 be - if - if you have a copy of the code I can 21 MR, FOULDS; Objection. Asked and
22 point that out. 22 answered. Form. Compound.
23 MR. FQULDS: Okay. Okay. Well, that - {23 THE WITNESS: I laoked — I gbtained his
24 okay. : ‘ - |24  source code to read the file. It's not really
25 THE VIDEOGRAPHER: Okay. We're coming |25  running I, it's reading it. I corapiled it on my
Page 139 Page 141
1 pretty dose to the end of the tape. 1 machine, and then ascertained that the file was
2 MR, FOULDS: Yezh. Let's ~ let'stake a 2 binary and I couldn't read it directly on my
3  break and you can change your tape. 3  machine,
4 THE VIDEQOGRAPHER: Thismarkstheendof | 4 At the time, our report was -- had to be put
5 _tape number two.in the depasition of Astiwr Reod: 5  out and, basically, rér oot of timie to look at that.
6 The timeis now 3 o'clock. We're off the record. 6 We do have the mechanisms to — as a team, to fook
7 {Recess.} 7 atthat. I just have not got around to doing that.
8 THE VIDEOGRAPHER: Back on the tecord. 8 MR, FOULDS: Okay.
S Here marks the beginning of tape number threeinthe ] 9  BY MR. FOULDS:
10 deposition of Arthur Rood. 10 Q. Now, just to summarize and finish up here.
it BY MR. FOULDS: 11 Isn't it also true you never ran a complete mass
12 Q. Mr. Rood, in review of your testimony 50 i2  balance comparison on RATCHET fo test your theory
13 far, isn't it correct that as of the time of this 13 that summing across the nodes would be the proper,
14  deposition, you have not reviewed the metearological |14  or a proper, way to check mass balance?
15 data used by RATCHET to support your opinjon that |15 MR. RADFORD: Ohjection. Foundation.
16 the data available to RATCHET in the earliest five 16  Asked and answered.
17  vears of Hanford operation, was complete enough to |17 THE WITNESS: To run — again, I had to
18 provide adequate accuracy? 18 rely on the wark — the previous work done by
19 MR. RADFORD: Objection. Foundation. 19 Ramsdell -- Ramsdell et al. in terms of their
20 Form. 20 reviewing the massive amount of data regarding mass
21 THE WITNESS: I relied on the work of HEDR |21 balance.
22 for some of ry - for that apinion. 1 trusted the 22 1 was not brying t do a - the definitive mass
23 work of HEDR for that. Ithink there should besome |23 balance compatison of RATCHET or — or any
24 statement made that we cannot - 24  definitive mass balance. I'm looking at a — what
25 MR, FOULDS: Excuse me, Sk. 25 we call a sanity check. And, usually, if the sanity
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Yanuary 18, 1994 P.O. Box 999 .
Richtand. Washington 99352
Dr. John E. Till, Chairman Telephone (51375 4354
Technical Steering Panel
Hanford Environmental Dose |
Reconstruction Project
Rt 2,Box 122

Neeses, SC 29107

Mr. Michael R. Donnelly

Public Health Service

Centers for Disease Control and Prevention
2201 Sixth Avenue, Mail Stop RX-22
Seattle, WA 98121

Dear Dr, Till and Mr. Donnelly:

R(EETIONAL ATMOSPHERIC TRANSPORT CODE FOR HANFORD EMISSION TRACKIN: G

Enclosed is the final report, Regional Atmospheric Transport Code For Hanford Emission

Tracking (RATCHET) (PNWD-2224 HEDR) . This report describes the atmospheric model and

computer code developed for use in caleulating daily time-integrated air concentrations and susface

contarmination. The output from the RATCHET code has been transferred to the Environmental

{l;gﬁ;ways and Dose Estimates Task for use in dose calculations. This repori fulfills Milestone
02B. . :

This final RATCHET report is substantially different from the draft RATCHET report

(PNL-8003 HEDR) and is, therefore, a replacement for rather than a revision of the draft report.
Many of the changes in this final RATCHET report reflect changes that have been made in the -
RATCHET code and model parameterizations since the draft report was issued. Recent
information, including the results of the krypton-85 model evaluation tests and results from the
model sensitivity studies, has been added to the report. The source code for RATCHET and the
utility codes will be published separately on a diskette rather than as part of the report.

RATCHET has been subjected 1o an extensive review process. We have incorporated the
reviewers’ recommendations in the code and ir this document. These incorporations are not
always in a directly identifiable form because so much of the draft report was either deleted or
rewritien. Thérefore, the responses to the Technical Steering Panel members’ comments are not
being issued as part of the report but are enclosed as an attachment to this letter.

i ! ler, Manager
Hanford Environmental
Dose Reconstruction Project

DBS:prc

Enclosure §
HEDR
cc: MS Power (TSP) PROJECT RECORD
lB .




Regional Atmospheric Transport Code for
Hanford Emission Tracking (RATCHET)

Jamuary 1994

. This document has been reviewed and
approved by the Technical Steering Panel.

Technldsl Steeeing Panel
anfo)

QQ,CETM Sgeasi 11} 1444
3. E. Wil, Chair ~ Dae




2.6 Diffusion

Once material is released to the armosphere, it acts as a passive tracer. Large-scale motions
move plumes about, and small-scale atmospheric motions distribute msterial within plomes. The
Mgmnofmmmdhwkﬁmmmfm&ee&moﬂagm
motions. ‘This section describes how RATCHET accounts for the effects of the small-scale motions.
Semun27maibesmedepmmmofmmmlonmm&pleﬁonofmepuﬁswmfm
materfal lost due to deposition and radioactive decay.

2.6.1 Calculation of Time-Inteprated Alr Concentrations
The second basic assumption in'puff models is that a continnous plume can be approximated by

4 finite number of puffs released in succession. The concentration at a receptor is assymed to be
equal o the sum of the concentrations from all of the puffs, that is

x&.y:2.8) = E X&y.z.) @.28)

=l

where x = concentration
x,y.z = position of the receptor in Cartesian coordinates

= time of the concentration estimate

t
i = puff number
N = total number of puffs in the model domain. -

In practice, computational rules based on puff dimensions have been established to limit the pumber
of terms included in the summation. These rules include assigning a finite radius to each puff and
combining puffs that overlap. The rules and RATCHET sensitivity to the rules are discussed in
Section 3.2,

_In the abseace of external influences such as the ground,.the concentration distribution in each of

" the puffs in RATCHET is assumed to be Gaussian. Diffusion in the direction of the wind and cross-

wind diffusion are assumed to be equal; that is, horizontsl cross sections through puffs are circular,
Awmﬂuyof&isasmmpﬁonk&ummﬁmhahﬁmﬁ-plmsdmmasafmﬁmof
increasing distance from the puff center and are independent of the direction in which the distance is
increased. It is, therefore, possible to revise the definition of the coordinate system without changing
the relationship in Equation (2.28). The x axis of the coordinate System now may be assumed to
pohtmwudﬁemgwﬁh&eyaﬁsminﬁngmmﬁevuﬁcdaﬁspointhgnpwaﬁ

Bmsethewmmmmpnffsishonmmnysymmmﬂ it is only necessary to know the
beight of the center of & puff 2nd the distance between the center of a puff and a node to compute the
puff’s contribution to the concentration at the node. Therefore, the concentration distribution in puffs
is defined in terms of the radial distance, r, from the puff center rather than x and y, With these
assumptions, the concentration at x,y.z at time t due to paff i is givea by

224
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X&z8 = QUFEG@IR 26 %] 2:29)

where :
" Q) = mass of material (radionuclide) in the puff at time ¢
F(@) = exponential function that describes the horizontal concentration distribution
G(z) = set of terms describing the verticsl concentration distefbution,
¢, = diffusion coefficient that describes the spread of the puff ia the horizontal
a, = diffusion coefficient that describes the spread of the puff in the vertical

F(r) is defined by
F) = expl-r2/(2) @.30)

wheee 2 = (x- X, + (y -y, with X,y representing the position of the node and x,,y,
representing the hotizontal position of the puff center.

The diffusion coefficient 4, is assumed to be the same as the crosswind diffasion coefficient g, used
in Gaussian plume models.

Definition of G(z) requires further description of the modeling assumptions, The height of the
puff center above ground, which is assumed to be constant, is referred to as the effective release
height. If the release is from a stack or elevated vent, the effective release height is the actual stack
or vent height plus plume rise,

The ground and the top of the mixing layer are assumed to be totally reflecting surfaces for
material within the mixing layer. The top of the mixing layer is not a reflecting surface for material
above the mixing Isyer. Consequently, the top of the mixing leyer is similar to g semipermeable
membrane, '

G(z) describes both the vertical diffusion of materia! and the effects of the reflection, Itisan ,
infinite sunrthat involves superposition of contributions Tromt virtual soarces located below the ground
and above the top of the mixing layer. This approach follows from the discussion in Csanady (1973)
and is described in detail in Ramsdell et al. (1983). - When receptors are at ground level, as they are
in RATCHET, G(z) is given by

6@ =2 Y ep-0.5@uH - b)Y} @31

fw -t

where H is the mixing-layer depth aud b is the effective velease height.

The infinite sum of exponential terms rapidly converges to a limit. Ounly the terms withn = -1,
0, and 1 are used in RATCHET. When the vertical diffusion coefficient becomes sufficiently large
(o, = Hor g, = 0.8 h,, whichever is larger), material may be assumed to be uniforraly distributed
in the vertical, In this case, G(z) is given by




Mmméme&uowhguprﬁﬁon,whﬂisdimedhsmn{w&),brmnﬁng
washout of particles by tain:

A = C B PYI035p, 214 @.55)

whete A = washout coefficient (ar™h)
C = empirical constant assumed o have a value of 0.5
E = gverage collision efficiency assumed to be 1.0
P, = precipitation rafe {mm/hr)
P, = normalized precipitation rate (Pr/{mm/hr).

Table 2.2 shows particle washout coefficients for the default reinfall rates in RATCHET. -
During periods of snow, the washout coefficient for pasticles is computed using
A =02P, @.56)
Scavenging of gases takes place when the temperature is near freezing. When the temperature falls
below -3°C scavenging osases because of changes in the physical character of the precipitation.
2.7.4 Surface Contamination

Given the dry and wet deposition velocities, the surface contamination that sccumulated at
any point during a short period is computed as

SCLx,y) = dy xilxy)At : @57

where SClx,y} = mass or activity deposited (Cifm?) at x,y from puff i
d, = total deposition velocity, d.g + d,, (s) .
x{xy) = groind-level concentration (Cifm’) in puff i
At = time period (s). .

Equation (2.57) simply states that surface contamination in an interval is equsl to the product of 8
transfer coefficient (deposition velocity), the concentration in the air, and the time period.

To this contamination, RATCHET adds the contamination resulting from the washout of
particles. This additional contamination is computed using

A Q; exp-0.5(/a ) At

\ @58)

SC2;(x,y} =

2x o,




where SCZi(x.y) =massdepmmdatx,yﬁ:ompuff1bywashoutofpamcm
- A = washont coefficient (hrl)
Q = massinpuffi
r =hmmunldmmofx,yﬁommeemofthepnﬁ
a = horizontal diffusion coefficient (m)

At = time period ().

Equation (2.58) is derived by substituting a washout coefficient for the deposition velocity in
Equation (2.58) and then integrating the equation from ground level through the vertical extent of the

puif
The total surface contamination at x,y during any period At is the sum of the contributions of all
pufis:
] SCxy) = 3 1SCL(x.5) + SC2(x.y)] : .59
H
2.7.5 Depletion

RATCHET maintains 2 mass balance, Material deposited on the surface by dry and wet
deposition is removed from the material in the puff by decreasing the total mass of the puff. Material .
is not selectively removed from the bottom of the puff. This approach, which is 2 variation of the
source~depletion model described in Hanna et al, (1982), was used in MESOILT2.

In the atmosphere, deposition results in.a mass deficit in the layer of air next to the surface.
Source-depletion models instantanecusly propagate this deficit through the full vertical extent of the
puff. ‘This propagation is unrealistic, particularly in stable atmospheric conditions, Using the
resistance analogy to estimate deposition velocities does not deal with this problem explicitly,
However, using the resisiance analogy results in lower deposition velocities during stsble conditions,
which reduces the magaitude of the ecror,

_ . . The mass removed from each.puff. is.determined. from-analytical imegration-of-the-deposition
fiux gver the area covered by the puff and computation interval. The mass removed from each puff
10 account for dry deposition of particles and dry and wet deposition of gases is computed ysing

2 =
AQd=AtJ Idvxrdrdf) (2.60)
=0 1=0 _
Substituting the definition of x from Equation (2.29) for x and performing the integration, the
decrease in material becomes
aQ = ZvaG(ZWIZf)! 0,] (2.61)
2.38
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Special Exposure Cohort Petition : U.S. Department of Health and Human Services

under the Enargy Employees Occupationat Centers for Disease Cantrol and Prevention

iiness Compensation Act téational Institute for Occupational Safety and Health

OMB Number; 0920-0639 Expires: 05/31/2007

Peﬁtioner Authorization Form . Pago 1 of 2
is formis vdlunur@iniéiiﬁﬁ d

If you wish to petition HHS to consider adding a class of employses to the Special Exposure Cohort and you
are NOT either a member of that class, a survivor of 2 member of that class, or a iabor organization
representing or having represented members of that class, then 42 CFR Part 83, Section 82.7(¢) requires
that you obtain written authorization. You can obtain such authorization from either an employee whoisa
member of the class or a survivor of such an employee. You may use this form te obtain such authorization
and submit the completed form {o NIOSH with the related petition. Please print legibly.

For Further information: If you have questions about these instructions, please call the following NIOSH
tofl-free phone number and request to speak to someone in the Office of Compensation Analysis and
Support about an SEC petition: 1-800-3656-4674.

REE M &t aal

Authorization for individual or Entity to Petition HHS on Behalf of a Class of Employees for

Addition to the Special Exposure Cohort

2

Namq of Class Member or Survivg::

Street Address of Class Merfiber or Survivor - Apt. # P.O.Box

City, State, Zip Code of Class Member or Survivor

do herehv antharivar

Name or Petiioner

Addre;ss of Pefiﬁoner ' R Apt. # P.O. Box

City, State and Zip Code of Petifioner

petition the Department of Hazlth and Human Services on behalf of a class of employees
that includes:

Name of Class Member (employee, not the employee’s survivar)

for the addition of the class to the Special Exposure Cohort, under the Energy Employee’s
Occupational liness Compensation Program Act (42 U.S.C. §§ 7384-T385).

In providing this authorization, | recognize that the petitioner named above will have all the rights

of a natitianar as nrmsidad far andar 42 CFR Part 83, /
- _Z/F 4) S
sgriaturg of Ciass Member or ﬁﬁnmror /T

Name or Social Security Number of First Pefitiones:
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Special Exposure Cohort Petition U.S. Department of Health and Human Services
under the Energy Employess Occupationat Ceonters for Bisease Conliol and Praveniion
tiness Compensation Act Natlanal Institute for Qccupational Safely and Health

; OME Number: 0926-0639 Explres: 05/31/2007
Petitioner Authorization Form . Pagefof2

'F;'i""' o

Use of this form is voltitary. Failute to iisé this formi will fot resu& in ihe d‘eniél 61’ &ny ﬂ@ﬁﬁ%‘éﬁ ﬁtg

-

instructionS'

if you wish to petition HHS (o consider adding a class of employees fo the Special Exposure Cohort and you
are NOT either 2 member of that class, a survivor of a member of that class, or a labor organization
representing or having represented members of that class, then 42 CFR Part 83, Section 83.7(c) requires
that you obtain wrilten authorization. You can obtain such authorization from sither an employee who is a
member of the class or a survivor of such an employee. You may use this form fo obtain such authorization
and submit the completed form to NIOSH with the related petition. Please print legibly.

For Farther Information: If you have questions about these instructions, please call the following NIOSH
toll-free phone number and request to speak to someone in the Office of Compensation Analysis and
Support about an SEC petifion: 1-800-356-4674.

Auithorlzation for ladividual or Entity o Pelition HHS ot Behalf of 4 Blass of ‘Empiny«:es fbf
Aﬂdl{ibﬁ io the Spebial Exbosure Cohott ‘ N . ,

1

\

Mame of Class Member or Survivor

—S“freet  Address of Class Member. or. Survivor - - ApL# - P.Q. Box

City, Stale, Zip Code of Class Member or Survivor

do liereby authorlze:

1

et o s ol e e e

Address of Pefitioner ) Apl. # P.0. Box

- -

City, State and Zip Code of Pelilioner

to petition the Departinent of Health and Human Services on behalf of a class of employees

that includes;
) R P - |

Name of Class Member (employee, not the employse's survivor)

for the addition of the class to the Special Exposure Cohort, under the Energy Enployee’s
Dceupational liness Compensation Program Act {42 1.5.C. §§ 7384-7385).

- Aapreviding this autltorization, | recognize that the petitioner named above wili have all the rights

NameofPetstloner L e e

under 42 CFR Part 83. .,
Signgture of Clabs Mejnber of Survivor Date
LS

Name or Social Security Humber of First Pelitioner:
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Special Exposure Cohort Petition U.S. Department of Heaith and Human Services :

i under the Enargy Employess Occupational - Centgrs for Dissase Conlral and Prevention
{liness Compensation Act National institite for Ocoupational Safety and Health

" L OMB Number: 0920-0638 Expires: 05/31/2007

Peﬂﬁoner Authorization Form ’ Paga 1 of p3
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[nstmctions:

i you wish to petition HHS to consider adding a class of employees to the Special Exposure Cohort and you
are NOT either a member of that class, a survivor of a member of that class, or a labor organization
representing or having represented members of that class, then 42 CFR Part 83, Section 83.7(c) requires
that you obtain written authorization. You can obtain such authorization from either an employee who is a
member of the class or a survivor of such an employee. You may use this form to obtain such authorization
and submit the completed form to NIOSH with the related petition. Please print legibly.

X For Further Information: Il you have questions about these instructions, please call the following NIOSH
% toll-free phone number and request to speak o someone in the Office of Compensation Anaiysis and
4 Support about an SEC patition: 1-860-356-4674.

Atithioitzation for individual of Eiitity to Petition HHs ot Behalf 6f 4 Cfass ot Etiiployens for
Atitﬂz'dﬁ to ﬂ 1e Speclal 'Ex}msme Cohof{ _

i,

ﬁ;me of Clhss Member or Survivor

Street Address of Class Member or Survivor Apt, # P.O. Box

PR

<
-

City, State, ZIp Code of Class Member or Survivor
do hereby authorize: '

NameofPetftmner L L. e Ce e e

- v - [N -

Address of Pefitioner ' Apt. # P.0. Box

City, State and Zip Code of Petitioner |

to petition the Departinient of Health and Human Services on behall of a class of employees
that mcludes

Name of Class Member (employee, not the employee’s survivor)

for the addition of the class fo the Speciai Exposure Cohort, under the Energy Employee's
Occupational lilness Compensation Program Act {42 U.S.C. §§ 7384-7385),

In providing this authorization, | recognize that the petitioner named above will have ali the rights +
of a pefitioner as provided for under 42 CFR Part 83.
L] bl

Sigrtaliiré df Class Mefber or Survivor Date

Name or Social Securily Number of First Pelitioner;
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Speciatl Exposure Cohort Petition U.S. Department of Health and Human Services

under the Energy Employees Qccupationat : Centars for Disease Control and Prevention

* iiness Compensation Act _ Nationai tnsfittte for Occupational Safety and Heaith
. . OMB Number: 0920-0639 Expires: 05/31/2007

Petitionetr Authorization Form Page § of 2

.i.‘._
| 9 L.t = . T P L U N DU L L e O T T T .....,,..z.u._-é -’

Instructions:

éﬁgz

yse of ifs form is voluntdry, Fallire to use thls form will not vesuitin the deRTalde any ﬁﬁﬁﬂ

if you wish to petition HHS to consider adding a class of smployees to the Special Exposure Cohort and you
are NOT either a member of that class, a survivor of a member of that class, or a labor organization
representing or having represented members of that class, then 42 CFR Pait 83, Section 83.7(c) requires
that you obtain written authorization. You can obtain such authorization from either an empioyee who is a
member of the class or a survivor of such an employes. You may use this form to obtain such authorization
and submit the completed form to NIOSH with the related petition. Please print legtbly.

¢ For Further Information: If you have questions about these instructions, please call the following NIOSH
: toll-ree phone number and request fo speak to someone in the Office of Compensation Analysis and
Support about an SEC petitior; 1-800-356-4674.

AtthisHzation for lndividusl oF Entity tb Petition HHS oH Bohalf of 4 Gl4ss o Empiuyees fbr

i:\tidnhan to the Speclat Exbnstlre c;bhort

Name of Class Meﬁ\ber oy stwtvor
L ] 2
[ . Street Address of Class Member or Survwor j Apt. # P.O. Box

City, State, Zip Code of Class Mentber or Survivor
do h%apy auth’orize:

Name of Pefifioner . " | T

Address of Petitioner ApL # P.0. Box

City, State and Zip Code of Pelitioner

fo petifion the Departinent of Health and Human Services on behalf of a class of employees
that i_ncludes: .

-

et

Name'of Class Member (employee, not the employee’s survivor)

for the addition of the class to the Special Exposure Cohort, under the Energy Employee’s
Occupational lliness Compensation Program Act (42 U.S.C. §§ 7384-7385),

In providing this authorization, | recognize that the petitioner named above will have alf the rights
of a petitioner as provided for under 42 CFR Part 83. P
>a . 2 ‘

9 /19)es

Signature of Class Member or Survivor Date

Wame or Social Security Number of First Pelilioner: . . R




TTRPTR

N

7
¢

Special Exposure Cohort Petition U.S. Department of Health and Human Services
under the Energy Employeas Occupslionai Centars for Disease Control and Prevention
ltiness Compensation Act ‘ Natlonal Institute for Occupational Safety and Health

. OMB Number: 0920-0638 Expires: 065/31/2007
Petitioner Authorization Form ) Page 1 ofz

Usé of fhiis form is voluntary. Failure to use il fornt willl ft fio Fesult i i #é framai ‘OF difiy nﬁht- %Eﬁéﬁb
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Instmctions:

if you wish to petition HHS {o consider adding a class of employees fo the Spacial Exposure Cohort and you
are NOT either a member of that class, a survivor of a member of that class, or a labor organization
representing or having represented members of that class, then 42 CFR Part 83, Section 83.7(c) requires
that you obtain written authorization. You can obtain such authorization from either an employee who is a
member of the class or a survivor of such an employee. You may use this form to obtain such authorzation
and submit the completed form to NIOSH with the related petition. Please print legibly.

For Further Information: If you have questions about these instructions, please call the following NIOSH
foll-free phone number and request to speak to someone in the Office of Compensation Analysis and
Support about an SEC petition: 1-800-356-4674.

Authstzation for indiwdua[ ot Entity to Petition HHS oii Behatf st 4 Blass st EmpioyeeS foF

Adt}l{idﬁ he Speclal Expasurc Cbhori

L,

Name of Clhss Mgmger 6r §uwiv0r

Street Address of Class Member of Survivor Apt. # P.0. Box

City, St;lté, Zi-p a;)de- ;f'(')iass F:fteml:;er or Survivor
do hereby authorize:

Name of Pefitionec . e s -

Address of Pefifioner Apt # F.0. Box

) P - -

City, State and Zip Code of Petitioner

to petition the Departiment of Healil and Human Sarvices on hehall of a class of employees
that inc!udes .

Name of Class Member (employee, not the empioyee's survivor)

for the addition of the class to the Special Exposure Cohort, under the Energy Employee’s
Cceupational lliness Compensation Program Act (42 U.S.C. §§ 7384.7385).

In providingthi /s/futhonzatlon, r;?cogmze that the petitioner named above will have all the rights
42 CFR Part 83.

SR Yy tos

Signéftire of Clas&Member or Survivor Date

Name or Social Security Nuriber of First Peliticner;
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Special Exposure Cohort Petition 1.8, Depariment of Health and Human Services
under the Energy Employees Occupational Centers for Diseass Confro! and Provention
firess Compensation Act Nafional institute for Ocoupational Safely and Realth

i OMB Number: 0920-0639 -~ Explres: 05/31/2007
Petitioner Authorfzation Form ; Page 1 of 2

Use of tfils form is voluntary. Falluie 6 usé this form will not réSuft in the denlal of any ngﬁf; E@néﬁf,

"~ P = _ ) . T N . T L R Ty

Instructions:

i you wish to pefition HHS fo consider adding a class of émployees fo the Special Exposure Cohort and you
are NOT efther a member of that class, a survivor of a member of that class, or a labor organization
representing or having represented members of that class, then 42 CFR Parit 83, Section 83.7(c) requires
that you obtain writien authorization, You can obtain such authorization from elither an employee who is a
mempber of the class or a survivor of such an employee. You may use this forn fo obtain such authorization
and submit the completed form fo NIOSH with the related petition. Please print legibly.

For Further information: If you have questions about these instructions, please call the foltowing NIOSH
toll-free phone rumber and request to spaak {0 someone in the Office of Compensation Analysis and
Suppeort about an SEC pelilion: 1-800-356-4674.

Althotization tor Indivicial oF Eritity t6 Petitlon HHS oir Behalf of 4 Glass of Empicyens fbr
Atiti iaoﬁ to {he Special | Extﬁoqure Soi'ibrt |

S

l N

Name of Ctass Member or Survivor

DU AUGIESS UL LSS IEIHUSE UI DUIVIVUL Apt. # P.0. Box

- - g

—_—— .
City, State, Zip Code of Class Member or Survivor
do heﬁ,l;y authorize:

Name of Petitioner

Address of Petitioner Apt. # P.Q. Box

- A - - -

City, smzé%ﬁéiﬁ' Code of Petitioner

to petition the Department of Health and Human Services on behalf of a class of employees
that mcludes.

-

Name of Class Member {emgloyee, not the employee's survivor)

for the addition of the ciass fo the Special Exposure Cohort, under the Energy Employee’s
Occupational Hiness Compensation Program Act (42 U.S.C. §§ 7384-7385).

In providing this authorization, | recognize that the petitioner named above will have all the rights

ofa P?ﬁﬁoner as privid% for unde,r 42 CFR Part 83. Z y ,

, Signiature of Class Member 4r Surviver Date

Name or Sociat Securily Numbsr of First Pelitioner:
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Special Exposure Cohort Pefition U.S. Department of Heaith and Human Services

" wnder the Energy Employees Qccupational Centers for Disease Conlrol and Prevention
M Hiness Compensation Act Natioral Institute for Occupational Safety and Health
X . OMB Number: 0820-063% Expires: 05/31/2007

Petitioner Authorization Form , Pagetof2

: Use of tifs forim is voluntairy. Faiture to usétiii's_TGu!i,mll 6t résult§ in the de ﬁ‘iéi of 4ty ngﬁﬂ%‘éuéﬁﬁ{
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. instructions:

1 you wish to petition HHS to consider adding a dass of employees fo the Special Exposure Cohort and you
are NOT sither a member of that ciass, a surviver of a member of that class, or a labor organization
representing or having represented members of that class, then 42 CFR Part 83, Section 83.7(c) requires
that you oblain written authotization. You can obtain such authorization from sither an employee who is a
mermber of the class or a survivor of such an employee. You may use this form to obtain such authorization
and submit the completed fotm fo NIOSH with the related petition. Please print legibly.

b For Further Information: If you have questions about these instructions, please calf the following NIOSH
3 tolfree phone number and request to spaeak {0 somecne in the Office of Compensation Analysis and
Support about an SEC pefition: 1-800-356-4674.

Aliihotlzation for individial or Eiitity to Petition HHS oh Behalf of 4 Glass bi Em[iidyees tot

| f-‘\ddli ol {0 ﬁie Specna! Extso:,ure Cohcsf{
- - -
| j
[ Name of Class Member or Survivor
b .. Street Address of Class Member of Survivor - ApL# - P.O. Box

: City, State, Zip Code of Class Member or Survivor

do he/n’;b_y auth?riz:ej

)
T

Address of Petitioner Apt. # P.O. Box

CitI élate ayn_d E)ane of Petitioner )

to petition the Departinent of Health and Human Services on behatlf of a class of employees
that includes:

i -— -

Name of Class Member {employee, not the employee’s survivor)

for the addition of the class fo the Special Exposure Cohort, under the Energy Employee’s
Occupations! liiness Compensation Program Act (42 U.8.C. §§ 7384-7385).

in providing this authorization, 1 recognize that the petitioner named above will have ai the rights
of a}/ﬁé?itioner as provida}for ander 42 CFR Part 83.

e _ _ 7-de-25
. Siggdture of Class Membef or Survivor Date

Name or Social Security Number of First Pelitioner:
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Special Exposure Cohort Petition

U.8. Department of Health and Human Services
under the Energy Employees Occupational

Centers for Disease Control and Prevention

Iiiness Compensation Act : National Institute for Qecupational Safety and Health
. i OMB Number; 0920-0638 -~ Expires: 05/31/2007
Petitioner Authorization Form Page tof 2
Wse'of tiis form is voluhtary. Faiture-to use this formi witl ot sé8ult th tié denital of 4y gRE Bonet

h
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Instructions:

il you wish to pelition HHS to consider adding a class of employees to the Special Exposure Cohort and you
are NOT either a member of that class, a survivor of a member of that class, or a labor organization
representing or having represented members of that class, then 42 CFR Part 83, Section 83.7(c) requires
that you obfain written autherization. You can obtain such authorization from either an empioyee who is a
member of the class or a survivor of such an employee. You may use this form to obtain such authorization
and submit the completed form to NIOSH with the related pefition. Please print legibly.

For Further laformation: If you have questions about these instructions, please call the following NIOSH
lofi-free phone number and request fo speak to someone in the Office of Compensation Analysis and
Support about an SEC petition: 1-800-356-4674.

Alithorlzation for individual or Entity to Petition HHS on Behalf of & Class of Empiﬁye*es fﬁr

At}dl’uaﬁ fo {He Speciai 'Expoqure Cahmt

Name Of ClaSS ME“'IhPJ’ or S1nmdune

13

Sties. nuuiess v Liass Member of Survivor- Apt # £.0. Box

City, Stale, Zip Code of Class Member or Survivor
do hele;,b_y authorize:

Name of Pefifioner — SR

Mddress of Pefitioner b ] Apt. # P.O. Box
- v o4

City, State and Zip Code of Petitioner

to petition the Department of Health and Human Services on behalf of a class of employees
that inciudes

Nane of Class Member (erﬁ;_}loyee. not the employee’s survivor)

for the addition of the class fo the Special Exposure Cohort, under the Energy Einployee’s
Occupational lliness Compensation Program Act (42 U.S.C. §§ 7384-7385).

In provl iy this authorjzatich, I recognize that the petitioner named above will have ail the rights
ofa NeT as pm‘”% tmder 42 CFR Part 83.

- ».d ‘-vw-/ 9 el /Q d - @é“b
Signature of Class fember o Survivor Date

Narme or Social Security Number of First Petitioner:






