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Attachment 4.3-10 (Continued)

side, the reading might be 50 times Maxiumum Allowable
Concentration (PMAC™) .
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6. In order to obtain an accurate result of what the employee is
breathing, it is important that the air dust survey be done as
close as possible to the production plant employea‘s breathing

zone. The sample should be taksn in the direction that the dust is

blowing if the employee is subjected to the dust.
*Lo::umal occasions dm-ing otﬂtgaloymt when I

1-;-__. - b ) g2 5

suplinq in plant 5 where vcntilatian modifications had
iuttb-mnﬂcamtmamtmttmm;a!plemm The
production plant employee was working over the jolter and the gust
was coming Up into his face. 1 obtained resulis that wera above
the MAC. T think that my results were correct the first time that
I sampled bacause they were similar to the results that I haa
abtained before the modifications and the modifications were not
aeffective. HNevertheless, n_tx supervisors told me to go back ana
ruu.pla. ime.n I resampled, the results were still above the MAC.

was Finall
e ofEs alrection Fron the espioyes frod tne vay Hat
dust wvas
% vihen é% t]""" X %\55!‘ !LQEEE' ' ':l"‘_g.
Health & safety D

was below
the result was below HAC to
it was an acceptable result.

8. In air dust surveying there were many other variables that could
change the results. FPor example,
) (a) the resuits were lower in the susmmer because the windows
in the plants were open;

(b) if there was dust laying on the ground or on equipment,
this dust could be resuspended and becowe airborne;

(c) fark trock traffic wotld increape the sirborns sctivity:

(d) if the ventilation ducts were partially or cmplutcly
plugged, the air dust would be higher in the work areas;

(a) production rates would affect air dust results; and

(f) whether the standard operating procedures were tollowsed
would affect tha results,

uunmmmmmmm;mtb‘uﬂuairdutmys
wvere not taken until after the swoke had cleared.

% 9. Whan thare wers fires in the boeildings, the windows and doors

10. When there were fires i the buildings, generally on a
storage pad, the air dust surveys wvere taken were ranpdoa as to
location and time.

11. Inthsannnnlaixdmrtsurveyreportsxurcurwndatiom
for reducing air dust lavels in the plants. Some of these
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Attachment 4.3-10 (Continued)

recommendations would not cost anything to implement. For exampls,
I would reccsmend vacuuming up the radiocactive material in the work
areas, wearing respirators properly, making sure that all
ventilation lines were clear and operating in accordance with the
standard operating procedure. HNevertheless, these recommendations

were sometimes not followed.

# 12. on occasion, thamlayuswmnxpmﬂnudlmlytoairbotm
T radioactive dust and fumes becauss the production supervisors were

xtnnuinmoftha on ratas set forth in
the standard opersting when ventilation
{ines were blockad, imtoldtbnauploym:oagg

Mmmmmymmmmwm
fumes to billow ocut into the plant.

13. In the 19508 no industrial hygienists worked on the second
-hiﬁthirdshiﬂz_aronm It is my wn%
. atic mmuwwwmuns

on plant loyees as freguently as recoamended

Hulth & Safety Division. the irators were left in
On areas uncovered WVASTS tors became dirty and
covered wi ve . The employees would them pick up

_the Qirty respirators and use them.

15. Management condoned smoking in the production plants.
Employess would carry the cigarettes in their coveralls where the

would become contaminated with radicactive dast and then
the smployeas would smoke the cigarettes.

16. Feople that were injured in the production plnntnmeassignod
;.:Z:t!dnty' Light duty could be amything - mchulittim

°1'¢imml Thess -y____;__-_

17. Dust-collectors often were not shut off as soan as possible
when a bag ruptured. This resulted in a decrease in ventilation at
the work. stations and excess uraniom dust released into the
atmosphere and onto the ground.

18. Many times during my emsployment plants 2 and 3 had to be
evacuatad because of nitric acia fumes. ¥NO szmples were taken at
the time of evacuation, however samples were taken before the
employeses were allowed to return to the buildings.

19. Supervisory personnel were aware that employees were being
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Attachment 4.3-10 (Continued)

overexposed to radicactive dust and fumes and also overexposed to
acids. HNevertheless, superviscry persommel allowed the employees
to contimme to work in areas where they were being overexposed to
radicactive dust and fumes and to acids. These overexposures
continued throughout my seventeean years of employment at Pernald.

Purther Affiant Sayeth Naught.

Stats of Ohioc )
County of Hamilton) §s

Sworn to wma and subscribed in presence this second day of
February 1993. o ¥

I . %‘Lﬁ-(nﬁ-@\.—ﬁ

JAME A WALKER
Netary Paves. ST oF Oalo
Wy Comtanasion Exsies hugsst & 108
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44  GENERIC LIMITATIONS AND FINDINGS ASSOCIATED WITH THE USE OF
MIVRLM DATA FOR URANIUM AND THORIUM DOSE ESTIMATES

Sections 5.3.7 and 5.3.8 of FMPC TBD describe the Mobile In Vivo Radiation Monitoring
Laboratory (MIVRML) that was used to monitor FMPC workers between 1968 and 1989. Data
presented include the frequency by which individuals were selected for MIVRML analysis,
radionuclide-specific MDA values, and assumptions regarding the method(s) employed for the
interpretation/quantification of data. Presented below is a critical evaluation that challenges the
credibility and usability of MIVRML data for the in vivo detection of uranium and thorium.

Generic Design Limitations of the MIVRML

Not considered a finding by SC&A, a critical component of the MIVRML lung counting system,
however, was the radiation detection system, which employed two very large sodium iodide
detectors measuring 9 inches in diameter by 4 inches thick. While such large crystal detectors
offer maximum counting efficiency that is highly desirable for whole-body counting of high-
energy photons of fission/activation products (e.g., Cs-137, Co-60), the use in detecting low-
energy photons is severely compromised by their 4-inch thickness.

This limitation in sensitivity is due to the fact that for large/thick crystals, the low-energy
photons fall into that region of Compton-scattered photons that is maximal. For illustration,
Figure 4.4-1 depicts a MIVRML gamma spectrum that is defined as “background.”

The already high counts per channel at the left-site of the “background” spectrum are further
enhanced by the presence of high-energy photons in the environment or within the person being
chest counted. Figure 4.4-2 is an in vivo gamma spectrum from an “unexposed” or normal
person. Note, one of the two peaks is due to Cs-137 (a weapon fallout product) and one is due to
K-40. Their contribution to Compton-scattered photons diminishes the sensitivity of the system
to detect the in vivo presence of low-energy photons associated with thorium.

In order to improve the signal to noise ratio (or sensitivity) for the detection of low-energy
photons, other DOE facilities during this time period employed Nal detectors with a nominal
thickness of only 4 millimeters (or 1/25™) of the 4-inch thick crystals employed by the
MIVRML system.

Operator Inexperience

For the first 2 years of operation, the MIVRML was operated by Y-12 personnel. Starting in
1970, the MIVRML was operated by FMPC personnel who had a limited understanding of the
complexity of in vivo counting and the proper interpretation of results. In a letter to the DOE
dated November 25, 1981, R.M. Spenceley, Manager at FMPC stated the following:

... Many lung counts are made for screening purposes and are made under
circumstances which require interpretation of the count results by someone
familiar with vagaries of in vivo measurements. While all count data are retained
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in the employees’ files, not all results are useful as an expression of the true lung

burden.

In combination, these two factors raise concerns about the sensitivity as well as credibility of

lung count data involving the MIVRML.
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Figure 4.4-1. Comparison of Background Radiation Levels inside Y-12 Iron Room
and the MIVRML Iron Room
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Figure 4.4-2. Normal In Vivo Spectrum From an Unexposed Person
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Finding 4.4-1: Limitations Regarding the Use of Th-234 and U-235 for Estimating Intakes
of Uranium

Section 5.3.7 of the FMPC TBD states that:

... Uranium-235 was detected primarily by the emission of its 186 keV photon.
Uranium-238 was calculated from measurement of the Th-234 progeny assumed
to be in equilibrium with the U-238.

Limitations regarding the use of Th-234 for estimating intakes of uranium by means of the
MIVRML lung counter are two-fold:

(1) Th-234 emits two very low-energy photons of 63 keV and 93 keV, which moreover also
have very low yields of 3.5% and 4%, respectively. From the foregoing discussion,
detection limits for Th-234 are compromised by the high background that characterizes
the large detectors employed by the MIVRML.

(2) While the surrogate use of Th-234 can provide quantitative data for estimating the
presence of U-238, it provides no information regarding the presence of U-234, which
may exist in equilibrium with U-238 or in various states of disequilibrium that reflect the
use of depleted or variably enriched uranium.

Limitations regarding the use of the 186 keV photon emitted by U-235 in part parallel the
limitations defined for the use of Th-234. While the 186 keV photon emitted by U-235 has a
higher energy as well as yield, its detection is compromised by the fact that this photon energy
coincides with the 180° backscatter energies of more energetic gammas such as Cs-137, K-40,
etc.

Equally, a quantitative estimate for the presence of U-235 provides limited information regarding
the presence of U-238 and U-234 for the aforementioned reasons. Thus, in the absence of
definitive information regarding the isotopic composition of the source material(s) to which a
worker was exposed, interpretation of MIVRML data poses serious limitations and uncertainties.

Finding 4.4-2: Use of Surrogate Daughter Products and Unsupported Assumptions for
Thorium Exposure

Thorium isotopes of concern at FMPC include Th-232, which is the parent isotope of the 4 n
thorium series, and Th-228, which is a radioactive daughter within the decay chain.

Exhibit 4.4-2 identifies crucial information regarding the thorium decay series that are relevant
to SC&A’s concerns.

Inspection of Exhibit 4.4-2 points to the fact that Th-232 does not emit photon(s) and can,
therefore, not be directly detected by a lung counter; and Th-228 emits two low-energy photons
with very low yields that limit their use in lung counting for reasons discussed above.
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EXHIBIT 4.4-2

Thorium Series (&4n)*
Major radiation energies (MeV)
Historical and intensitiest
-11f
Nuclide name Half e
@ B Y
333 Thorium 1.41x10'%y 3.95 (24%) - ---
4.01 (767%)
325Ra Mesothorium I . 6.1y --- 0.055  (100%) -
338ac Mesothorium IT 6.13h - 1.18 (35%) 0.34ck  (15%)
1.75 (127%) 0.9%08 (25%)
2.09 (12%) 0.96c (20%)
239 Th Radiothorium 1.910y 5.34 (28%) .- 0.084  {1.6W)
5.43 (711%) 0.214 {0.3%)
334Ra Thorium X 3. 64d 5.45 (6%) e 0.241 (3.7%)
5.68 (947%)
"‘ggkn Emanation 558 6.29 (100%) L0 0.55 {0.07%)
Thoron {Tn)
218po Thorium A 0.15s 6.78 {100%) --- .-
lapp Thorium B 10.64h -—- 0.346 (817%) 0.239 {472y
0,586 (147 0.300 (3.2%
i3py Thorium C 60, 6m 6.05 (25% 1.55 (5% 0.040 2%
6.09 (1o% 2.26 (55%) 0.727 (7
64.0% 36.0% 1.620 (1.8%)
313, Thorium C' 30408 8.78 (100%) -
32 Tl Thorium C" 3.10m == 1.28 (25%) 0.511 (23%)
1.52 (217%) 0.583 (86%)
~ 1.80 (50%) 0.860 (12%)
2.614 (100%)
aceeb Thorium D Stable - - “e
#This expression describes the mass numb:r of any membar in this series, where n (s an integer.
Example: “gaTh (&n)...... 4(58) = 232
tIntensities refer to percentage of disintegrations of the nuclide irself, not to original parent of series.
$Complex energy peak which would be incompletely resolwved by instruments of moderately low resolving power such as scintillators,
Data taken from: Lederer, C. M., Hollander, J. M., and Perlman, I., Table of Isotopes (6th ed.; New York: John Wiley & Soms,
Inc., 1967) and Hogan, 0. H., Zigman, P. E., and Mackin, J. L., Beta Spectrs (USNRDL-TR-802 [Washington, D.C,:
U.S. Aromic Energy Commission, l964]).

In behalf of these limitations, Section 5.3.7 of the FMPC TBD and Section 6.1 of the ER provide
the following statements relative to the use of MIVRML data for thorium:

... Thorium-232 and Th-228 activities were determined based on equilibrium
assumptions and detection of their progeny, most likely Ac-228 for Th-232, but
Pb-212 may have been used for assessment of both Th isotopes. [Emphasis
added.]
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At FMPC, thorium existed in various physical and chemical forms that included thorium ores,
crushed thoria, (powdery thorium dioxide) pellets, thorium oxalate, thorium hydroxide, thorium
tetrafluoride purified thorium metal, etc. Based on the relative half-lives of decay chain
members and/or their chemical properties, NIOSH’s basic assumptions of equilibrium conditions
between (1) Th-232 and Th-228, (2) Th-232 and Ac-228, and (3) Th-232/Th-228 and Pb-212 are
technically incorrect and unsupported as explained below.

Even if thorium ores that served as a primary feedstock can be assumed to have contained all
members of the decay chain in full equilibrium, disequilibrium would first occur at time of
chemical separation of Th-232 and Th-228 from all other decay chain members.

At the time of thorium extraction, Ra-228 (and its short-lived daughter Ac-228) would, therefore,
not be present. The slow rate of ingrowth of Ra-228 (and Ac-228) in chemically extracted
thorium products is governed by the 6.7-year half-life of Ra-228 and the 1.9-year half-life of
Th-228. Thus, the relative activity of Th-228 to Th-232 is governed by three factors that include:

(1) The starting activities of Th-232 and Th-228 in the ore

(2) The age of the thorium material, which determines the loss of Th-228 by radioactive
decay

(3) The age of the thorium material, which determines the ingrowth of Ra-228 that in turn
gives rise to Th-228

From this brief discussion, it must be emphasized that assumptions of equilibrium among
Th-232, Ac-228, Th-228, and Pb-212 for all thorium materials and all time periods are
technically incorrect. Correspondingly, the surrogate use of Ac-228 and/or Pb-212 for
estimating lung burdens of Th-232 and Th-228 is technically flawed and would consistently lead
to results that are claimant unfavorable. As an extreme case, consider a worker who is exposed
to a freshly isolated thorium extract or a purified thorium metal. Since the thorium would not
contain any significant amounts of Ra-228/Ac-228, a chest count would imply a false negative
result.

A most puzzling set of data pertaining to MIVRML lung counts is contained in Table 6.2 of
NIOSH’s SEC Evaluation Report. As summarized above, Section 6.1 of the ER specifically
identifies the use of Ac-228 and/or Pb-212 as the potential surrogate radionuclides for estimating
the lung burden of Th-232 and/or Th-228. These two isotopes are specifically cited in Table 6.2
of the ER. Thus, for example, Table 6.2 identifies that in 1971, only three lung counts were
performed for Pb-212 and two lung counts were performed for Ac-228. Yet, Column 4 of

Table 6.2 identifies a total of 680 lung counts for “thorium” (along with 686 lung counts for U-
235 and uranium).
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SC&A interprets these data to represent the following:

1)

()

(3)
(4)

()

Column #4 of Table 6.2 and identified as “Thorium” is, in fact, a reference to Th-234.
Th-234, the daughter of U-238, however, has no relationship to Th-232 and Th-228,
which are the thorium isotopes of concern in the SEC petition.

Based on Table 6.2, the total number of in vivo bioassays for Th-232/Th-228 for the
period of 1965 to 1977 was fewer than 15.

In vivo assessments for Th-232/Th-228 only began in earnest in 1979.

The value of conducting thorium-specific lung counts after 1979, however, is
questionable. According to Table 5-13 of the FMPC TBD, all thorium production lung
counts would principally assess the inhalation of Th-232/Th-228 associated with the
repackaging and shipping operations of thorium products.

Since inhalation of even insoluble forms of thorium (i.e., Type S) can be expected to
remain in the lung for a finite time, the use of lung counts in the post-1979 era has limited
value for workers exposed during the production years that predate 1979.

Finding 4.4-3: Worker Selection Criteria and Infrequent Use of MIVRML

Section 5.3.7 of the FMPC TBD states that:

Lung counting became available to FEMP in 1968 in the form of the Mobile In
Vivo Radiation Monitoring Laboratory [MIVRML]. The mobile van visited the
Fernald plant on a routine schedule and counted the workers on a schedule based
on their internal exposure potential and their urine sampling results.

[Emphasis added.]

In a Health Protection Appraisal Report for NLO dated September 1968, the following
statements were noted regarding the use of air monitoring data as the selection criteria of
workers for MIVRML evaluation:

Recent in vivo monitoring of NLO employees utilizing the IVRML indicated eight
employees apparently sustaining 70 to 100% of a permissible lung burden of
uranium . .. A serious question has been raised regarding the validity of the job
weighted air dust sampling approach long used by NLO since that data would not
suggest lung exposures for these employees at the in vivo indicated level.
[Emphasis added.]

Two years later in another NOL Health Protection Appraisal Report dated September 1970, the
following concerns were noted regarding the frequency/completeness of the MIVRML program:

The IVRML visited NLO on two occasions during CY 1970. It was on site for two
weeks, beginning March 30, and again from early July through the end of
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September. During the first counting period, about 24 employees were counted
and during the second period 103 employees (including the 24 previously
counted) were monitored . . . It is estimated that about 200 employees are
currently working in production areas and have a generally comparable potential
for uranium lung exposures. It is therefore noted with concern that only about
half of those potentially subject to exposure have been monitored by IVRML
during this year. It is further noted that a substantial fraction (approximately 20-
24 percent) of the production workforce has not received at least one IVRML
count since the counter first went to NLO in 1968. [Emphasis added.]

These statements support two concerns that SC&A has raised elsewhere in this report. The first
concern is the apparent lack of correlation between air sampling data (used to identify workers
with the highest potential for exposure) and the workers’ measured lung burdens as assessed by
the MIVRML. The failed correlation between air sampling data and lung counts may imply
errors and uncertainties associated with either or both air sampling and lung counting.

Use of air sampling data, for selection of a subpopulation of workers to be monitored by lung
counting, poses yet a second concern. The lack of reported correlation between air sampling
data and lung count data suggests that persons monitored by lung counts may not represent the
higher exposed worker group(s) and conversely, that maximally exposed workers may not ever
have been lung counted.

Finding 4.4-4: The Improper Correlation of MIVRML Thorium Lung Count Data with
Thorium Air Sampling Data as Proposed by NIOSH

As suggested in Exhibit 4.3-1 above, for thorium intakes, NIOSH intends to correlate the results
of “... 6000 in vivo results for thorium (Ac-228 and Pb-212) . . . with 2000-4000 thorium air
sample results.”

Based on data presented in Table 6-2 of the SEC-00046 Evaluation Report and reproduced
herein as Table 4.4-1, it is SC&A’s understanding that NIOSH intends to establish a correlation
between BZ air sampling data that may have been taken as early as the 1950s with MIVRML
data for thorium that only began in earnest in 1979. Important to note is that thorium production
had ceased by 1979, as acknowledged in Section 5.2.3 of ORAUT-TKBS-0017-5, which states:

Thorium processing was completed in 1979, with exposure from that time being
limited to repackaging and shipping operations. [Emphasis added.]

Based on the relative time periods, it is inconceivable how lung burdens of thorium measured
post-1979 (and corresponding to “repackaging and shipping”) can be correlated to BZ air
samples taken decades earlier when thorium was processed.
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Table 4.4-1. Number of /n-vivo Measurements Performed Annually at the FMPC
(as reported in MIVRML)

Year Uranium-235 Uranium Thorium Lead-212 Actinium-228
1965 2 2 0 2 2
1968 306 362 310 2 1
1969 107 108 107 0 0
1970 168 168 164 0 0
1971 686 686 680 3 2
1972 277 277 274 1 0
1973 235 235 233 2 1
1974 324 324 321 1 1
1975 277 277 275 0 0
1976 267 267 262 1 1
1977 219 218 217 3 3
1978 212 214 161 40 41
1979 216 224 26 198 197
1980 232 239 5 214 219
1981 171 176 3 166 170
1982 209 215 3 204 210
1983 212 217 4 195 200
1984 410 419 4 408 415
1985 426 418 3 405 407
1986 506 507 10 467 467
1987 577 576 12 570 566
1988 229 228 3 111 107
1989 6 6 0 1 1

It is, therefore, concluded that NIOSH’s proposed method for linking air monitoring data with
MIVRML lung count data for estimating thorium intakes prior to 1979 is without scientific
merit.

Finding 4.4-5: The Inappropriate Use of ORAUT-OTIB-0002 for FMPC Claims

In a presentation to the Advisory Board on February 8, 2007, in Mason, Ohio, NIOSH presented
summary data regarding the number of claims that had been completed as of that date.
Attachment 4.4-5 is a reproduction of viewgraph #7 presented to the Board. It shows that 90%
or a total of 619 dose reconstructions had been completed.

While SC&A has access to individual claims, no analysis of the types of DR methods used in the
619 claims that have been completed is available. But a review of some randomly selected
claims shows that many FMPC claims that were denied on the basis of a maximized dose
reconstruction that employed ORAUT-OTIB-0002.

SC&A regards the use of OTIB-0002 inappropriate of all FMPC claims, as explained below.

Section 2.0 of OTIB-0002 explains the regulatory basis for its use as an efficiency measure in
which a dose is determined using worst-case assumptions that substitute for further research and
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analyses. Worst-case is defined as “the highest reasonable value based on reliable science,
documented experience, and relevant data . . .”

Section 3.0 (Implausible Undiscovered Intakes) further explains the technical basis and
justification for its use by providing the following:

For claims where it is considered likely that the covered employee had no
significant internal radiation exposure, a method to expedite claims has been
developed in accordance with 42 CFR 82.10(k)(2). This method assumes the
“largest reasonably possible value” of the source term comprised of
radionuclides that are/were typically the more significant radionuclides (by either
preponderance or by internal dose significance) on a site. For this “worst-case™
estimate of internal dose, it is assumed that on the first day of the first year of
employment, the covered employee had an acute inhalation intake of each of the
radionuclides in the source term, in the amounts listed below.

Based on historical data, it is believed to be highly unlikely that such an intake
could have occurred without being detected by workplace monitoring at the
time. It is also believed that this is a significant overestimate of internal dose for
an unmonitored covered employee or a covered employee with no internal
monitoring above detection thresholds. [Emphasis added.]

Given the limitations and deficiencies of internal monitoring as described in Sections 4.1, 4.2,
4.3, and 4.4 of this report, SC&A concludes that the use of OTIB-0002 for any FMPC claimant
is inappropriate and unjustified.

ATTACHMENT 4.4-5

Availability of Dosimetry Data

NIOSH/OCAS Claims Tracking System

Information updated September 14, 2006

* Cases which meet the class definition 690
* Dose reconstructions completed 619
» (Cases which contain internal dosimetry 631
* Cases which contain external dosimetry 641

= Dose reconstructions completed for 90% of the
cases
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4.5 FINDINGS ASSOCIATED WITH EXTERNAL EXPOSURE MONITORING AT
FMPC

Finding 4.5-1: Absence of Performance Standards/Quality Assurance for Personnel
Dosimeters

Throughout the period of facility operation, workers were monitored for external radiation by
means of film dosimeters and TLDs, and extremity exposures were monitored with wrist
film/TLD badges starting in 1970. Although SC&A is not generically questioning the merits of
external dose data, the credibility of external dosimetry data has to be viewed in context with
several limitations, as described in a document entitled Response to Dosimetry Assessment Fact
Sheet, September 11, 1981. In this response (to a DOE inquiry), the following statements were
made (see Attachment 4.5-1):

(1) All dosimeter evaluations were “in house” except for approximately the first 12 months
of operation when film badges were processed by DOE’s Health and Safety Laboratory...

(2) No procedure is available [for the processing/evaluation of personnel dosimeters].
(3) Test dosimeters [i.e., control badges] are not routinely processed. [Emphasis added.]

(4) Initially, heat damage from leaving badges in cars during hot weather was a problem.
However, this has not been a real problem for many years. Leaving badges in desks,
cars, etc. did not have a significant impact on the overall external dosimetry program.

(5) There were no specific training requirements for the film badge technicians when this
program began in 1951. The technician received on-the-job training. The technician
now performing [i.e., in 1981] all film badge process began this work in 1952 and has
been only technician doing this task since 1959. [Emphasis added.]

In summary, while it appears that FMPC monitored workers for external exposures, there are
concerns about the quality and accuracy of these data due to the absence/unavailability of
standard operating procedures, quality control measures, and formal training of dosimetry
technician(s).

NOTICE: This document has been reviewed for Privacy Act information and has been edited accordingly.
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ATTACHMENT 4.5-1

Septenh’r 11, 1981

NLO, INRC.

RESPONSE TO
DOSTMETRY ASBSESSMENT FACT SHERT

I. History of "Hazards"™ to Assess Overall Monitoring Program

A. The primary radiation hazards at the FMPC have always been
from uranium. Uranium of wvarious U content, tanging
from depleted to slightly enriched, has been processed
with the average content being close to mormal. Periodi-
cally, small amounts of matural thorium have been processed.

. There have been no significent radiation hazards that have
not been monitored.

€. External Radiation Monitoring: €film badge dosimeters have
always been used to messure whole body penetracing and
skin doses. From 1951 through 1960 the film packet was
sealed in plastic and placaed in a metal case which attached
to the worker's security badge. A portion of the film was
not covered by the metal case and served as a means of
monitoring skin dose. Beginning January, 1961, the ORNL
Badge Mater, Model II was put into service at this site.
This dosimeter is described in detazil in the report =
ORNL-3126. .

Extremit u wvere t

xty Y exposures re monitored with vrist film badges .
from 1969 until 1977. From 1977 through the present, TLD's

have been used for this purpose. The TLD's are the
Telydyne teflon impregnated with calcium sulfate type-

b ma ith g?!ggt

B counter which is operated and maintained by Union Carbide's
Y-12 personnel. The counter has been used at this site from
968 until the present time.

8 of internsl

D. Additional information om our present film badge dosimetry
system 1s contained in the two attachments.
II. External Monitoring Data
A. Personnel Monitoring Badges
1. Types of badges used:
Film for whole-body and skin exposure

Filwm for extremity exposure (limited program) S
TLD for extremity exposures

2707504 | 34554935"
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Attachment 4.5-1 (Continued)

"RL0, Imc.

2, Dates each type dosimeter used:
Film (whole-body monitoring) since plant start-up

- (1951) to date
Film (extremity mopitoring): 1969 to 1977
TLD (extremity wonitoring): 1977 to present

3. Types of measurement:
Gamma whole-body dose
Beta and gamma skin dose
Beta and gamma extremity (hands and forearm) dose

4. All dosimeter evaluations were "in house" except for
_approxisately the first 12 monthe of operatiom whan
film badges were processed by DOE's Health and Safety
Laboratory, New York, NY (presently called .EML).

-5+ Wo procedure manusl is available.

a. Calibration procedure and frequency. Film badges:
Gamma calibration are performed by exposing badges
to a8 radium source at various distasnces. Beta and
Gamma calibration are obtained by exposing films to
a vranium metal slab for various lengths of time.
§ix to eighbt sets of calibration films are prepared
at a time. One set 1s processed each month alomng-
with the films from the personnel dosimeters. =

TLD extremity dosimeter: calibration exposures are
made in essentially the same manner as with film
badges by exposting the TLD's to 2 slab of uranium
metal. Calibration checks of the entire TLD

system are made each month. The individual TLD's
are cazlibrated after every two or three uses.

b. The radium source used for gamma calibrations was
calibrated at NBS. The uranium metal slabs used for
beta and gamma calibrations have not been calibrated.
The published surface dose rate for aged natural
uranium metal is assumed for the metal slabs.

¢. For film dosimeters, a calibration curve of film
density versus exposure is prepared from the cali-
bration films. The density of the personnel films
is converted to dose ueing the caiibration curve.
This was done manually at first but is now per-
formed by computer.

d. "Test" dosimeters are not routinely processed.
Hovever, five or ten gamma and six or eleven beta
and gamma calibration films were processed along
with each batch of personmnel films. Also, as
mentioned previously, TLD's are exposed for cali-
bration purposes after every two or three uses.

. I

-2
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Attachment 4.5-1 (Continued)

f"ixxo. Ine.

e. Test dosimeters were not routinely evaluated.

£~ Special care was always taken in the method used
to store films, to carefully control film process-
ing conditions, and in preparing calibration films.
Calibration films were alwaye from the =ame lot and
. processed along with the workers' films. See also
* attached Report On Examination "Audit of Coumtrols
Over Radiation Badges"” dated Jume 6, 1978.

G. There were no specific traiping requirements for
the film badge technicians when this program be-
. gan in 1951. The techmiciaps received on-the-3job

o tralolung. The technician now performing all filw
badge processing began this work im I19B@ and has
been only technician doing this task since 1958

6. Personnel who make use of the dosimetry results are
convinced that the dosimetry procedures provide a
reliable weasurement of radiation doses. ZKnowledge of
the calibration, development and read-out processes
lesds them to conclude that the precision would be
baetter thanm +25%.

B. Use of Badges -

1, Since badges were always a combination security-dosimeter
badge and also contained nuclear accidernt dosimetry -
materials, all employees have azlways worn badges., How-
ever, exposures were not always termined for all .
employees. During certain periods female employees. .
weére not routinmely monitored. Periods when male and
female employees were monitored were:

«==31951 - 1960: male employees only
1961 - 1968: male and female employees
__5.1959 ~ 1978: male employees only
1979 - present: male and female employees
2. AEC (ERDA, DOE) Hanual Chapter 0524. Female enployees
were not monitored during certain periods because the
potential did not exist for them to exceed 10 percent
of the quarterly standards. .
= Yes.

4. Because of the dual nature of the badge, the time
euployees did not wear badges was minimal.

=g
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7.

Attachment 4.5-1 (Continued)

Initially, heat damage from leaving badges in cars
during hot weather was a problem. Hovever, this has
not been a real problem for many yesrs. Leaving badges
in desks, cars, etc., did not have a significant impact
on the overall extermal dosimetry program.

Temporary badges were provided if a worker left his
badge at home'or lost his badge. If the dose registered
on the temporary badge was considered to be of no
consequenca, no adjustment was made to the iadividuals
dose record.

Workers normally wore their badges on the upper part of
the body (on shirt collars or shirt pockets).

C. Other External Momitoring Technigues

Only film badges or TLD's have been used for determining

actual personnel exposures. Neutron monitoring is not

required at this site.

D. Admipnistration and Recordkeeping

1.

Initially, extermnal radiation doses were reported in
mrads and later in units of mrem.

For our gamma (whole body) exposures, the units of
roantgen, rad and rem were assumed to be equivalent

and no conversion factors ware used to convert ITrom
one to the other. For beta and gamma (skin) exposures
no comvarsion factors were used to convert from rads to
rems. The published value for the absorbed dose rate
produced by natursl uranium metal expressed in wrad/hr
was assumed to be equal to the same dose expressed in
mremn/hr.

No quality factors or modifying factors were used to
evaluate dose equivalent.

Anytime a reading was considered questionable, an in-
vestigation wes c¢onducted. A decision as to whather

or not the reading was legitimate was based on the find-
ings of the investigation. :

A dose is assigned to a worker if his dosimeter is

lost or damasged. The amount of dose assigned is based

on which jobs the worker performed during the unmonitored:
period.

Several filwms (blanks) are taken from the supply of

£ilms which are stored in a refrigerator and developed

with the calibration and persommel films. The blank

films are used to zero the film densitometer. This
automatically compensates for background radiation. S

by

3455338
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Attachment 4.5-1 (Continued)

+FLO, Inc.

6. Records are complete.
7. This has not been necessary.

8. Most of the monitoring data is computeriszed. Data
is not computarized for workers who terminatad before
computerization of recoxds. Computer records algo do
not contasin mouthly or yearly breakdown of exposures
for workers priaor to 1%6§1.

The format of the computer records has not always been
the same. For 1958 through 1960, exposures for each
badge period and yearly totals are listed. TFrom 1961
to present, exposures for each month, quarter, year and
employment total are listed.

9. One week, two week 2nd momth (four or five weeks) long
monitoring periods have been used. Since 1959, only
monthly monitoring periods have been used.

10. The only summaries avsilable are those reported annually
since 1961 on AEC Form 190. There are yearly summaries
of whole body (gamma) penetrating radiation. There are
no summaries available for skin or extremity exposures.

I1II. Internal Monitoring Data

A. Biocassay Program

Uranium in urine analyses have been performed on a tegular
r

_basis to monitor employees for exposure to
uranium. However, we have not used these results to make
 estimates of internal exposure. .

B. Whole-Body Counting
l. Whole-body counting has been used since 1968.

2. OGroups of employees doing the same jobs are scheduled
for counting on the basis of their potential for ex-
posure to airborne uranium. Additional counts are
obtained on individuals whose count results are above -
50% of a permissible lung burden.

3. Whole-body counting was done "in house.”

4., We use the DOE's mobile body counter which was designed
and is maintaimed by Unio a . -
Initially, Y-12 persounnel operated the counter at our
site. Since about 1970 we have been operating the

counter ourselves.

3455939
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Attachment 4.5-1 (Continued)
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5. The mobile body counter was programmed to provide
radionuclide content of the workers. Consequantly,
we-were not required to calculate this from the raw
counting data.

6. The amount of U?*** 4n one lung burdem or uranium at
various U?®° enrichments has been calculated on the
basis that 0.017 uCi of ursnlum produces a dose To The
lung of 15 Rem/year. The enrichment of the uranium
in the lomng i{s calculated from the total uranium and
U2 galues provided by the body counter. The amount
of U?%% representing one lung burden for that enrich-
mept is then divided into the amount of U2?® in the
lung to obtain the percent of a lung burden.

C. Other Intermal Monitoring Techmnigues

1. Air momitoring results were never used to estimate
internal deposition.

2, Fo other monitoring methods were used to estimate
internal deposition other than whole-body counting.

D. Administration and Recordkeeping
l. Internal monitoring reports are not computerized. .

2. Unusual values are validated by additional counts
obtained on the individual. If a medically adminis- )
tered -radioisotope is suspected, confirmation is obtained
from the individual'’s doctor or the hospital. 2

3. If artifacts are discovered, a notation that the count

results are unreliable is made In the WOTKer's T8cord.
The reason for judging the count to be unreliable is
elao included in-the notation.

4. Prior to 1979, there was no formal procedure for merging
internal and external dosimetry desta although this
was done for the higher exposures. Since 1979 a list-
ing has been prepared of those employees with either
internal or external exposures above certain levels.

Attachments: Radiation Records Survey Questionnaire
Report on Examination, "Audit of Controls Over
Radiation Badges"

-6~
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Finding 4.5-2: Unaccounted Doses to Extremities

Radioactive daughter products of the U-238 and Th-232 decay chains emit both beta and gamma
radiation. Of particular concern is the high-energy beta emitted by Pa-234. For select processes
such as the reduction of uranium and thorium to produce derbies or their remelting/casting,
causes a separation of daughter impurities not only to concentrate on the surface of the derbies
and ingots, but also the volatilization of these impurities.

Statements contained in Attachment 4.5-2A indicate that the ratio of recorded skin dose (beta
and gamma) to deep dose (gamma only) varied significantly with time, as given in the following
statement:

The highest skin exposure for 1963 was reported as 22.9 rem which includes
4.4 rem of penetrating radiation. The beta plus gamma to gamma ratio for the
plant population has decreased significantly since 1960 when the ratio was 20.7
to 1 as compared to a ratio of 5.4 to 1 for 1963. [Emphasis added.]

SC&A interprets these data to reflect monitoring data as recorded by the whole-body
dosimeters normally worn on the chest area of the body.

Considerably high skin exposures involved extremities of the body as acknowledged in a 1970
Health Protection Appraisal Report (see Attachment 4.5-2B), which states the following:

NLO has performed a study of exposure to the forearms of some Plant 5
employees. The results of this study showed projected annual forearm exposure
from about 14,000 to 46,000 mrem. According to NLO estimates, about 300
employees would require extremity monitoring because of potential exposure to
the hands. It appears necessary that further attention by given by NLO to this
matter. Extremity dosimeters should be provided as appropriate and an
evaluation of involved operations should be made . . .

The study does not indicate the level of hand exposure for these employees. From
previous experience at other uranium facilities, it would be expected that the
hand exposure could be 2-3 times the wrist exposure. [Emphasis added.]

From these statements, SC&A concludes the following:

(1) The ratio of recorded “skin dose” to deep dose was highly variable over time as measured
by the whole-body dosimeter.

(2) Shallow doses to extremities were likely several times higher, but were not monitored for
a large fraction of FMPC’s operating period.

(3) Potential extrapolation and use of the measured shallow dose (as recorded by the whole-
body dosimeter) for deriving extremity doses to the forearms/hands poses serious
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