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ATTACHMENT 1: SC&A’S INTERIM EVALUATION OF ISSUES
PERTAINING TO HIGH-FIRED PLUTONIUM OXIDES AT THE ROCKY
FLATS PLANT

1.0 INTRODUCTION AND OVERVIEW OF ISSUES

Rocky Flats SEC-00030 Petition (USWA 2005) has raised concerns about worker exposures to a
unique form of plutonium (Pu) referred to as high-fired plutonium oxide (PuO,). Formed at
temperatures of 1,000°C or higher, this plutonium compound has been shown to remain in the
lung for much longer times than predicted by default Type S ICRP lung model.

Important to dose reconstruction is the fact that changes in the proportion of plutonium lung
burden in the respiratory tract relative to that in systemic tissues have a profound effect on the
interpretation of bioassay data that may include chest counting and urinalysis. For example, a
chest count that assumes Type S plutonium would significantly underestimate the duration of
time that plutonium remained in the lung and, therefore, underestimate the lung dose. Even more
troublesome is the reconstruction of lung doses based on urinalysis. This is explained by the fact
that, when urine data is used, the first step in dose reconstruction is to estimate the inhaled
intake, based on a model that mathematically describes the relationship between the observed Pu
content in urine samples and the amount of previously inhaled Pu. For example, the erroneous
assumption of default Type S Pu, for the interpretation of bioassay results from urine samples
that corresponds to a high-fired Pu intake, will significantly underestimate the amount of inhaled
plutonium. In addition to the underestimation of the intake, if default Type S parameters are
used, Pu in lung is further underestimated by the assumption of faster biological removal
processes.

NIOSH has accepted the fact that high-fired plutonium existed at Rocky Flats and that select
workers may have been exposed. Secondly, NIOSH has acknowledged the fact that high-fired
plutonium oxide (Pu-239) may exhibit long- term retention in the lung exceeding that predicted
by the default Type S model. Correspondingly, NIOSH has attempted to address these issues in
ORAUT-OTIB-0049 and other support documents.

As part of SC&A’s review of the Rocky Flats SEC-00030 Petition, we have conducted a
thorough review of the methodology proposed by NIOSH in terms of its scientific merit and the
degree with which outstanding uncertainties are bounded by assumptions that give the benefit of
doubt to the claimant.

20 SC&A REVIEW METHODS

SC&A has reviewed the NIOSH Site Profile for the Rocky Flats Plant (Falk 2004) and submitted
its draft review to the Advisory Board on Radiation and Worker Health on December &, 2005. In
that review, SC&A stated that workers might have been exposed to high-fired plutonium oxides
which is characterized by high plutonium lung burden in relation to the systemic organs burdens,
at long times after exposure. As part of its focused review of NIOSH’s SEC evaluation for RFP,
as requested by the Advisory Board, SC&A has supported the Board’s working group review of

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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the high-fired Pu issue. This review has included an evaluation of draft ORAUT-OTIB-0049
(Estimating Lung Doses for Plutonium Strongly Retained in the Lung)' and its supporting
analyses as well as data related to U.S. Transuranium and Uranium Registry (USTUR) autopsy
cases. Autopsy cases were used by NIOSH to validate the conservatism of ORAUT-OTIB-0049
empirical-based assumptions.

The SC&A staff reviewed the methods used by NIOSH to derive the lung dose adjustment
factors, from in-vivo bioassay results and from urine results, as well the adjustment factors for
systemic organs, Gl tract and the extra-thoracic region. The SC&A staff reviewed the autopsy
results, the lung count data and the urinary excretion data for a representative number of Rocky
Flats cases. Cases included individuals that had known intakes of the high-fired plutonium
oxide, Type SS or super S absorption type, and other types of exposures to plutonium oxides, not
necessarily classified as Type SS at the time of the exposures. Our review compared post-1965
measured lung count data with autopsy data and the predicted values using the NIOSH ORAUT-
OTIB-0049 empirical model. Calculations were performed considering Type S material and
Type SS using the urine excretion data as well as the lung count data. Autopsy data for lung,
liver, and skeletal plutonium content was available in most cases reviewed. For living former
workers, lung count and urine data was modeled for organ deposition estimates.

The SC&A also compared the NIOSH approach with a model recently proposed in the literature
for exposures to high-fired plutonium oxides at Mayak Production Association, a plutonium
production facility in the former Soviet Union.

Results of our reviews are summarized below.

3.0 SALIENT ELEMENTS OF THE SEC PETITION AND NIOSH’S GENERAL
ACKNOWLEDGEMENT OF ISSUES

Petition SEC-00030 asserts that:

Exposure to a unique form of plutonium referred to as high-fired oxides or super
class Y materials that are metabolized differently and have self-shielding
properties which make accurate assessment of dose impossible. In addition, the
uniquely small particle size of high-fired oxides — as small as 0.12 um Activity
Median Aerodynamic Diameter (AMAD) — makes current dose models inaccurate.
Dose models in use at Rocky Flats use a particle size of 1.0 AMAD and
underestimate high-fired oxide doses by a factor of 1-2. Current models in use by
NIOSH — International Commission on Radiological Protection (ICRP) 66 — use
a particle size of 5.0 AMAD and underestimate these doses by as much as a factor
of 10. High-fired oxides were generated from the Building 771 fire in 1957, the
Building 776 fires in 1965 and 1969, numerous other smaller fires, and multiple
high temperature processes in furnaces, incinerators and production process
areas used in our petition. The impossibility of accurate dose assessment for

" The 2006 draft of this document was used for review. It should be noted that ORAUT-OTIB-0049,
Rev. 00, has now been issued (February 2007).
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high-fired oxides exposure is summarized in more detail on the following pages
[of the petition]. [USWA 2005; NIOSH 2006, p. 67]

NIOSH agrees that “there is evidence of high-fired Pu oxides at the Rocky Flats Plant,” but
concludes that “such materials [do] not, however, affect the feasibility of dose reconstructions.”
The basis for NIOSH’s conclusion is two-fold, with a separate methodology applied to non-
respiratory tract (e.g., liver, bone,) and respiratory tract organs, respectively:

Forms of Pu that are more soluble than Type Super S are assumed for maximizing
dose reconstructions for cancers in non-respiratory tract organs. This results in
claimant-favorable dose reconstructions for non-respiratory tract organs. For
respiratory tract claims that have a POC <50% using Type S material, NIOSH
will assume type Super S, and will calculate lung doses using the methodology
outlined in ICRP 66, together with empirically-observed solubility and retention
parameter values as described in ORAUT-OTIB-0049. [NIOSH 2006, p. 67]

Regarding the difference in particle size between high-fired oxides and the assumed value used
in NIOSH dose reconstructions, the NIOSH response is that this is not a dose reconstruction
feasibility issue because intake is based on urine bioassay or lung count measurement, rendering
particle size not relevant except for reconstructing doses to the GI tract. NIOSH’s Evaluation
Report (ER) further observed that the default particle size of 5.0 um in that case is claimant
favorable.

Another issue raised by petitioner concerns involved potential self-shielding of the high-fired
plutonium oxide particles due to their being ceramicized in the heating process. In the petition, it
was contended that an outer ceramic layer surrounding the particle would “challenge the ability
of lung counting to detect Pu inhalation intakes” (NIOSH 2006, p. 68). NIOSH’s response is
that self-shielding of the 60 keV gamma radiation from the Am-241 daughter (upon which Pu
lung counting relies) would not be plausible at any but insignificant levels. Moreover, the
weakness of this claim is evident from the following relationship that involves the relative
penetration of a 60 keV photon to that of an alpha particle: since the penetration of a 60 keV
photon is many orders of magnitude greater than the mean free path of an alpha particle, then
even a small fraction of one percent attenuation of photons by the ceramicized encapsulation
would ensure essentially 100% attenuation of alpha particles and thereby eliminate tissue dose
and health effects associated with plutonium.

4.0 HIGH-FIRED PLUTONIUM - ICRP CHARACTERIZATION

Studies of the behavior of various oxide forms of Pu in the respiratory tract show two distinct
phases of absorption to blood: a small fraction, typically less than 1% of the inhaled amount, is
absorbed within about a day, with the remainder being cleared from the lung with half-times of
the order of years. Both the fraction rapidly absorbed and the long-term retention half-time can
be influenced by the method of formation of the material and its history. Plutonium oxide,
formed by complete oxidation of the metal or salt at about 1,000°C (high—fired) has repeatedly
demonstrated the very low absorption generally associated with Type S (ICRP 1995).

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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In addition, in several cases of inhaled plutonium high-fired oxides, it has been shown that there
is a longer retention in the lung than currently predicted using default Type S parameters.
Plutonium oxide, in many cases, is transferred at an extremely slow rate from the lung into the
systemic circulation. Thus, there is a component of retention in the lung that is not currently
described by the current ICRP 66 Human Respiratory Tract Model (HRTM).

50 SC&A REVIEW OF ORAUT-OTIB-0049

The purpose of ORAUT-OTIB-0049 “is to provide a method for estimating annual lung doses
for intakes of plutonium that is retained in the lung longer than predicted by the normal
absorption Type S model and to describe the conditions for applicability of this method.”
(ORAUT-OTIB-0049)

NIOSH further states:

This TIB does not propose a new class of material for general modeling purposes
or propose a new variation of the lung model. Rather, to account for the
increased lung doses, the TIB analysis developed empirical “dose adjustment
factors” from selected cases from RFP and Hanford that exhibited Type SS
behavior following intakes of >*Pu mixtures. [Emphasis added.]

[The TIB does not] recommend a generic modification to the HRTM suitable for
evaluating cases that exhibit Type SS retention. [The TIB] recommends an
alternate approach to modeling Type SS plutonium cases, referred to as the
“Dose Adjustment Factor.” This approach enables the evaluation of Type SS
plutonium cases without explicitly making generic changes to the HRTM.

The Human Respiratory Tract Model (HRTM) is a physiological-based model that describes the
major processes governing the fate of an inhaled aerosol (This Model is discussed for
background purposes in Appendix A). The ICRP clearly states that there can be circumstances
in which it is feasible, and desirable, to obtain a more accurate or more reliable assessment of
intake or dose, by using information specific to the situation. Typically, this is likely to be the
case when assessing doses retrospectively. The ICRP at present does not address the specific
case of inhalation exposures to high-fired plutonium oxides. Although the long-term retention of
high-fired oxides has been reviewed in the scientific literature, there is no consensus among
authors on how to address how particles are handled within the lungs and on how to address the
dose to the cells at risk.

Given these circumstances, NIOSH’s use of empirical data to derive adjustment factors to
existing ICRP biokinetic models for Pu is considered by SC&A as a reasonable alternate
approach for estimating doses for high-fired plutonium oxides.

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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5.1  The Design Cases

NIOSH’s use of empirical data is outlined in ORAUT-OTIB-0049:

Individual-specific HRTM parameters were derived for all design cases. The data
for the design cases were custom modeled in the IMBA computer code to get a
curve fit to plutonium lung data that could be used to generate, analytically, the
plutonium retention in the lungs at any time and for any intake scenario, using the
IMBA Intake-to-Bioassay feature. (ORAUT-OTIB-0049)

In addition to customization of absorption parameters, particle transport rates and deposition
fractions in the alveolar-interstitial (Al) regions were modified to fit lung contents and urinary
excretion. As stated above, these modifications of the HRTM are not intended to generate a
biologically plausible biokinetic model. The transport rates and the deposition fractions do not
depend on the chemical form of the material. The derived models empirically reproduce lung
contents and urinary excretion.

The complete case-by-case evaluation of the design cases is provided in Appendix B.
SC&A evaluation:

SC&A has reviewed the available design case data and concludes that the empirically
derived parameters for each design case fit the bioassay data for those cases. In three of the
design cases, not all bioassay urine data were used. The data that are used are bioassays
representing later excretions, which NIOSH has determined more accurately characterize the
long-term retention in the lung. The early time urine excretions were not included in these cases.
Case RFP 872, which was used as a design case, is one of the cases for which not all urine data
was used, as can be seen in Appendix B, Case 872.

In the lung, clearance results from a combination of movement of particles towards the GI tract
and lymph nodes (particle transport), and movement of radionuclides from the respiratory tract
into the blood and hence body fluids (absorption). NIOSH empirical models, for all cases that
were included in the study, introduce modifications in both clearance rates for particle transport
and absorption to body fluids (blood).

The longer retention time in blood is achieved by:
e Decreasing the slow absorption rate from the lung (st is decreased from 1E-4) to values
between 2.5E-5 and 4E-6 (the fraction which is decreased with slower absorption rate

will vary between cases, sometimes being smaller than Type S)

e Decreasing the slower transport rate from Al from 1E-4 to 1E-6, and the rate to lymph
nodes from 2E-5 to 1E-6

The empirical model was derived to fit the bioassay results. Other transport rates were modified.
For most of the cases the faster transport rate does not exist. The fraction of activity deposited in

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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the lung that will clear with the slower transport rate was different from case to case. The higher
this fraction, the more activity will stay in the lung for a longer time.

The two cases that were used to derive the adjustment factors are HAN-1% and RFP 872.° From
all empirically derived parameters, those two cases present the highest fractions that are cleared
with this very slow transport rate. The adjustment factors for the lung were derived using these
two cases. The ratios between the retention in the lung for those two cases and Type S were
calculated. The highest ratio was used. Case RFP 872 presents the highest retention, at times
higher than 15 years (see appendix B).

Given the preceding, SC&A has requested that NIOSH clarify more definitively why only
the late excretion data was considered in deriving these factors. SC&A did not have the
opportunity to review the actual bioassay data upon which HAN-1 was derived; such a
review would be important to validate the selection and use of the bounding cases.

Likewise, NIOSH did not explain fully how these particular cases were selected to derive
the adjustment factors. SC&A has requested access to RFP, and as necessary, other site
worker dose files (with identifiers) where exposure to high-fired plutonium took place. A
comparison of the long-term retention in lung for these workers and the ones selected as
design cases is needed, before HAN-1 and RFP 872 can be accepted as the most
conservative ones available for the derivation of these adjustment factors.

5.2  Derivation of Lung Dose Adjustment Factors
ORAUT-0TIB-0049 states:

The derivation of lung dose adjustment factors is based on an empirical
comparison of the plutonium retained in the lungs for 10 well-documented cases
involving acute intakes of plutonium (nine from RFP and one from Hanford) in
relation to the amount projected for each case using the default Type S model for
the same intake.

In relation to Type S, the design cases tend to exhibit a higher retention of
plutonium in the lungs, especially after the first several years, with a similar
flatness of the retention curves after 10 yr. Two cases represent a similar upper
bound, one from RFP (RFP 872) and one from Hanford (HAN-1). The dose
adjustment factor is the ratio of the plutonium retention for the highest of the
design cases (RFP 872 or HAN-1) and the plutonium retention predicted by the
default Type S model, any year after an acute intake or start of a chronic intake.
Cases RFP 872 and HAN-1 consistently represented the upper bound for the
design cases, for an acute intake and for a simulated 30-yr chronic intake.

2 HAN-1: empirical model, parameters described in ORAUT-OTIB-0049, page 33.
3 RFP 872: empirical model, parameters described in ORAUT—OTIB-0049, page 33.
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SC&A has reviewed and reproduced the lung adjustment factors as provided. The revision of
data is presented in Appendix B.

The parameters used to derive empirical lung contents and urinary excretions were not used by
NIOSH to calculate equivalent doses to the lung, as noted in ORAUT-OTIB-0049 [emphasis
added]:

It must be emphasized that these biokinetic models were selected simply to match empirical lung

contents and urinary excretion and were not used to calculate equivalent doses to the lung.
[ORAUT-OTIB-0049]

Since the current ICRP dose model is used to calculate doses for Type S compounds, resultant
doses must be multiplied by adjustment factors, which are discussed and evaluated later in this
section of the report.

SC&A evaluation: SC&A considers this approach as appropriate because the parameters used
to empirically match lung and urinary excretion from exposed workers do not correctly describe
the partition of activity in the HRTM regions and tissues containing target cells for dose
calculations.

5.3  Effect of Smoking

The ICRP Human Respiratory Tract Model suggests that smoking modifies the mechanical
transfer rates of deposited particles, decreasing the mechanical transfer rates of deposited
particles from the Al compartments (ICRP Supporting Guidance 3, 2003). For nonsmokers, 30%
of the activity in the Al compartment is assumed to be removed with a mechanical transfer rate
0f0.02 d"', 60% with 0.001 d"' and 10% with 0.0001 d"'. For smokers, 9% is removed at a rate
0f 0.03, 81% at a rate of 0.0007, and 10% at a rate of 0.00007 (ICRP Supporting Guidance 3,
2003). According to Robert Bistline, an RFP site expert, many of the workers at RFP during this
time period were smokers, some of them heavy smokers, smoking as many as two to three packs
of cigarettes a day. Although there is no mention of the effect of smoking in ORAUT-OTIB-
0049, the NIOSH approach is sufficiently conservative to accommodate this issue, since the
transport rates used in the empirical model are much smaller than the ones suggested by the
ICRP for smokers (in the two cases used to derive the empirical parameters, 60% and 70% of the
Al activity is removed with a transfer rate of 1E-6). SC&A, therefore, concludes that any
effect from smoking is covered by the NIOSH approach.

5.4  Intake Adjustment from Urinalysis Data

SC&A has reviewed the adjustment factors provided in the draft “Approach to Dose
Reconstruction for Super Type S Material,” March 2006, now an integral part of ORAUT-OTIB-
0049 (ORAUT 2007). This document gives instructions on how to further adjust the doses when
the bioassay urine results are used. It provides a summary of all methods and a comparison with
autopsy cases.

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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5.5  Doses to the Extra-Thoracic Region

SC&A reviewed the procedure for calculating doses to extra-thoracic tissues, for high-fired
plutonium. SC&A agrees with the assumptions made by NIOSH, and considers the adjustment
factors suggested for the extra-thoracic region appropriate, given the approach suggested by
NIOSH.

5.6 Doses to the Gastrointestinal Tract

SC&A reviewed the procedure for calculating doses to GI tissues for high-fired plutonium. In
order to empirically fit the data to lung measurements, NIOSH has decreased the particle
transport rates from the AI compartments to the upper airways and subsequently, has decreased
the transfer rate to the GI tract. According to the document, Approach to Dose Reconstruction
for Super Type S Material, March 2006: “...to estimate GI tract doses from urinalysis, the
intakes using Type S assumptions should be multiplied by 4.0.” No corrections are needed when
calculating doses to the GI tract from Lung Counts.

SC&A has analyzed the effect of this adjustment. For doses calculated from in-vivo lung
counting results, the use of Type S is claimant favorable. When aerosols are inhaled,
radionuclides are cleared to the GI tract from the respiratory tract and from the systemic
circulation. For doses calculated from urine bioassay results, it is necessary to take into
consideration the larger potential initial intake because of the slower removal rate from the
lung to systemic circulation. The NIOSH adjustment factor (multiplication by 4) is
claimant favorable in this case.

SC&A has concluded that the approach proposed by NIOSH is reasonable and technically
valid.

5.7 Doses to Systemic Organs

The application of the correction factor to be used to calculate doses to the systemic organs is
explained in the draft “Approach to Dose Reconstruction for Super Type S Material,” March
2006, as follows:

As noted earlier, according to ICRP models, integrated urine concentrations are
proportional to systemic organ dose. Therefore, for the period of time that
urinalysis data exists, no intake correction is necessary of systemic organs.
Following the time of the last sample, intakes should be corrected by a factor of
4.0 or 4.7, depending on the exposure scenario. To summarize, systemic organ
doses determined from urinalysis should be estimated by first using a type S
assumption to determine intake and annual doses. Next, the annual doses that

follow the year of the last urine sample used in the determination should be
multiplied by a factor of 4.0 or 4.7. (ORAUT-OTIB-0049)
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On the other hand, when calculating systemic organ derived from lung counts, NIOSH states that
no correction is necessary (doses should be calculated using Type S), without providing a clear
basis for this approach.

SC&A has compared intakes derived from HAN-1 and RFP 872 per unit lung counts with

Type S derived intakes. It is true that, depending on the time elapsed between measurements and
exposure, Type S intakes are higher or equal to the ones derived using the empirical model.
Theoretically, no intake corrections are needed.

As there are no adjustment factor corrections to envelope the conclusions taken from the
empirical model, the relationship between systemic organs content and lung content must be
reliable. ORAUT-OTIB-0049 is an empirical model, and the true transport and absorption rates
from lung are probably different from the empirical model. Some models presented in the
literature to explain the high-fired biokinetics use absorption parameters that are higher than the
ones used in the Type S model, compensating for this effect by introducing a lung compartment
with infinite half time (Khokhryakov, V.F., 2005). Depending on the time after intake, the
activities in systemic organs may be higher than expected using default Type S. This is
discussed in the following comparative analysis using such a model.

6.0 EVALUATION AND VALIDATION OF THE NIOSH APPROACH

6.1  Comparison of the Approach used by NIOSH to a Recent Model (ICRP66-A) used to
Describe the Retention of PuO, in the Lungs of Mayak Workers (Khokhryakov 2005)

The Mayak Production Association (MPA) was the first plutonium production facility in the
former Soviet Union. The plant first produced plutonium in 1948. Exposure to **’Pu and other
Pu isotopes was substantial, with post mortem measurements indicating body burdens greater
than 3 kBq in many cases.

V.F. Khokhryakov, K.G. Suslova, V.V. Vostrotin, S.A. Romanov, K.F. Eckerman, M.P.
Krahenbuhl, and S.C. Miller have recently (2005) published a paper in the Health Physics
Journal, Adaptation of the ICRP Publication 66 Respiratory Tract Model to Data on Plutonium
Biokinetics for Mayak Workers, in which the ICRP’s Human Respiratory Tract Model (HRTM)
was adapted to the kinetics of industrial plutonium compounds inhaled by MPA workers by
using information on the distribution of plutonium in the body observed at autopsy. Five
hundred and thirty autopsy cases were considered in this paper, but only 58 cases (50 smokers
and 8 non smokers) were associated with exposures to Pu aerosols (metal and oxide) with low
clearance from the lungs.

The main task of this study was to fit a model to the autopsy data by adjusting selected
parameters of the respiratory tract model for each autopsy case. The resultant model was called
ICRP66-A. The quantity that was optimized was the fraction of the worker’s plutonium burden
at autopsy within the respiratory tract, excluding the lymph nodes. The authors have assigned
the value of 0.003 to the rapidly absorbed fraction fr. As in the HRTM, an absorption rate, sr, of
100 d' was applied to the rapid fraction. The “bound” compartment of HRTM was taken to
represent a fixed Pu deposit. Activity in this compartment was not subject to absorptive,
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mechanical, or biological removal processes (s, =0). While this modeling approach simulates
the relative burdens from each of these sources, it was noted that the anatomical identity of the
bound compartment is unknown and thus, also is its contribution to dose to the cells considered
at risk in the lung; e.g., the basal and secretory cells. For insoluble plutonium, no real difference
in the optimum values of /b and s between smokers (f,=0.193, s;= 3.22E-4 d'l) and non-smokers
(f,=0.147, s&=3.61E-4 d'l) was evident, although the number of non-smokers was too small for a
statistically strong conclusion.

The HRTM suggests that smoking modifies the mechanical transfer rates of deposited particles
from the alveolar-interstitial (AI) compartments. For nonsmokers, 10% of the Al activity is
assumed to be mechanically removed at a fractional rate of 0.0001 d'l, while for smokers, this
rate is 0.00007 d'. For non-smokers, 60% of the Al activity is removed at a rate equal to
0.001 d' and 30% at 0.02 d”' rate. For smokers, 81% is removed with a rate of 0.0007 d' and
9% with a rate of 0.03 d”'. The mechanical transport rate from BB1 is 5 d”' for smokers and
10d™! for non-smokers.

Validation of the model was obtained by comparing the observed lung and body burdens at death
with values calculated based on the urinary excretion of plutonium in these cases. For the
insoluble Pu aerosols, the geometric mean of the predicted-to-observed lung burden ratio was
88%, with a GSD of 2.19.

6.1.1 Comparison of the NIOSH Approach to the ICRP66-A Model

For purposes of testing the technical plausibility of the NIOSH approach provided in ORAUT-
OTIB-0049, SC&A compared it with the ICRP66-A model. To that end, SC&A derived
exposures and monitoring scenarios for comparison sake, as follows.

Scenario A:

- Acute intake
- Monitoring method: urine sample (samples taken 1d, 30d and 150d after exposure)

SC&A evaluation: The NIOSH approach gives much higher 50y committed equivalent
doses to bone surfaces, liver and kidneys (i.e., when the doses derived using Type S are

multiplied by the adjustment factors, it produces equivalent doses much higher than when
ICRP66-A model is used).

Scenario B:

- Acute intake
- Monitoring Method: Lung Counting (counting at 1d, 30d and 150 days after
exposure)

SC&A evaluation: NIOSH approach gives a much higher 50y committed dose to the
lung (i.e., when the lung doses derived using Type S are multiplied by the adjustment
factors, it produces doses much higher than of the ICRP66-A model).
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Committed doses to systemic organs, however, like bone and liver are about one-half of
the doses produced using ICRP66-A. This may be explained by the fact that the NIOSH
approach to calculate systemic doses from lung measurement results does not use a
correction factor. Systemic doses should be calculated as if they were Type S. The
ICRP66-A model has an increased rapid absorption fraction (f;) and a faster removal rate,
Ss, 1n relation to the ICRP 66 model. Those two modifications increase the activities
accumulated in organs at 50 years after exposure, and are not offset by the fraction that
remains permanently in the bound compartment.

Scenario C:

- 7 years continuous intake
- Monitoring method: urine bioassay (samples taken at 30 days, 90 days, 150 days and
1 year after first day of exposure)

SC&A evaluation: NIOSH approach gives a much higher 50y committed equivalent
dose to bone surfaces, liver and lung (i.e., when the doses derived using Type S are

multiplied by the given adjustment factors, it produces equivalent doses much higher than
those afforded by the ICRP66-A model).

Scenario D:

- Continuous intake for 7 years
- Monitoring Method: Lung Counting (in-vivo counting at 30d, 90d and 150 days, 1
year and 2 years after first day of exposure)

SC&A evaluation: NIOSH approach gives a much higher 50y committed dose to the
lung (i.e., when the lung doses derived using Type S are multiplied by the given
adjustment factors, the resultant doses are much higher than those derived using the
ICRP66-A model).

As noted earlier, however, the 50y committed doses to systemic organs, like bone and
liver are about one-half of the doses produced using ICRP66-A for the reasons cited in
the preceding scenario B.

6.2  Comparison of Predicted Activities in Lung, Liver, and Skeleton, Applying the NIOSH
Approach, with Autopsy Data from USTUR

NIOSH states the following:

In order to evaluate if the adjustment factors proposed by NIOSH in ORAUT-
OTIB-0049 and its complementing working document (“Draft Approach To Dose
Reconstruction For Super Type S Material”) provided plausible bounding results,
autopsy and bioassay data from the United States Transuranium and Uranium
Registry (USTUR) were obtained for a number of Rocky Flats workers with
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confirmed plutonium intakes (Table 2). Seven cases were selected that had
detectable values for both lung and urine bioassay measurements:

Once the intakes were estimated, the expected lung content and liver content at
autopsy was estimated using the adjustments discussed above. These estimated
contents were compared to autopsy data to verify that the corrections are
bounding. The results of this evaluation are provided in table 1 below.

Table 1 — Comparison of Lung and Liver estimates to Autopsy Data

Ratio of lung estimate to | Ratio of liver estimate to Type of Intakes DTPA
autopsy measurement autopsy measurement
4.2 9.2 Fire No
33.8 3.3 Wound No
8.4 3.6 Other air No
53.4 1.0 Fire/wound Yes
8.6 2.9 Fire Yes
30.2 1.1 Various air No
123.5 3.7 Wound Yes

The first column of Table 1 shows that the lung content is overestimated in every
case.

The liver content was overestimated in all but one case. It is important to realize
however, that this is based on an uncorrected estimate of liver content.
Therefore, for these cases, the type S assumption alone is sufficient to
overestimate the liver dose. (Draft “Approach to Dose Reconstruction for Super
Type S Material”)

6.2.1 SC&A Independent Comparison and Evaluation of the NIOSH Approach using RFP
Case-Specific Data

SC&A has independently reviewed autopsy and bioassay data from the USTUR for eight Rocky
Flats workers with confirmed plutonium intakes. The observed lung, liver and skeleton burdens
at death were compared with values calculated based on the lung measurements and on the
urinary excretion of plutonium in these cases. SC&A relied on the USTUR results for bioassay
and for autopsy, including the calculation done by the USTUR to extrapolate the skeleton
content. SC&A has followed the procedures presented in ORAUT-OTIB-0049 and its
complement (draft “Approach to Dose Reconstruction for Super Type S Material”) to predict the
activities in systemic organs and in the lung from individual bioassay measurement results.
SC&A used the lung measurement results and the urine bioassay results, independently, to test
each individual approach.

A summary discussion of these case reviews is presented below. Appendix C provides a more
detailed review of each case.
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There were 3 cases from the 1965 fire: Cases A, B, and C:
Case A:

The worker was exposed to high-fired plutonium in the fire of October 1965. He was in the
vicinity of presumed oxidized plutonium without a respirator. He died in 1971 (emphysema).
From autopsy results, the activities in the lung, liver and skeleton, at the time of death, were
720 Bq, 9 Bq and 4 Bq, respectively.

Organ Activities Predicted Using Lung Measurements

His last lung measurement was reported in December 1966, just before leaving employment.
The result was estimated at 1.1 maximum permissible lung burden (MPLB) (18 nCi or 666 Bq),
the measureability of which was confirmed by Dr Robert Bistline, an RFP site expert familiar
with the site’s dosimetric technology at the time. The measured lung burden and the autopsy
result have a 10% difference. When the ORAUT-OTIB-0049 lung dose adjustment factors
(attachment B) are applied, the predicted concentration in lung at the time of death is 15 nCi
(550 Bq), a value compatible with the starting lung burden result from his last measurement,
666 Bq, but smaller than the autopsy result.

However, ORAUT-OTIB-0049 instructs the dose reconstructor to further multiply the predicted
dose in the lung by 2.6, when the energy employee is involved in a plutonium fire, to correct for
particles with AMAD smaller than S5pum that were experienced in these fires. This is equivalent
to predicting an activity in lung of 39 nCi (1440 Bq), at the time of death (as noted in ORAUT-

OTIB-0049):

Assume that the annual equivalent dose H(t) to the lung from an inhalation
intake of Type S **’Pu from t-1 yr to t yr is proportional to the lung content gy(t) at
t yr,” with the footnote: “ This is a good assumption if the retention curve for the
lung is fairly flat over the period in question (1 yr), which it is for Types S and SS
plutonium.)

SC&A Evaluation: While the predicted activity in lung is higher than the autopsy result, it is
also higher than the last measurement result. From the 18 nCi (666 Bq) lung measurement
result, the predicted activities in bone and liver are 47.5 Bq and 32 Bq, respectively; higher than
the autopsy values. As the NIOSH approach is not really a model, but an overestimate based on
worst-case assumptions (HAN-1 and RFP-872), SC&A accepts the overestimate as claimant
favorable.

Organ Activities Predicted Using Urine Bioassay Results

On October 26th, 1965, the first Pu non-zero result is presented: 0.26 dpm/24h of Pu. Before this
date, there were four bioassay results, one in 1963, 2 in 1964 and one in February 1965. After
October 26, until January 1966, all Pu urine bioassay results are positive and similar to each
other (range of variation from 0.26 dpm/24h to 0.55 dpm/24h.).
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SC&A Evaluation: Using all the 1965 urine bioassay results and considering that an acute
intake occurred in October 15, 1965, the predicted amount in lung at the time of death is 6145
Bq, which is much higher than the 720 Bq from autopsy data. The predicted activities in
skeleton and liver, at the time of death are 113 Bq and 182 Bq, respectively; values that
overestimate the autopsy activities.

Case B:

The worker was exposed to high-fired Pu in the accidental fire of October 1965. He was in the
vicinity of the presumed oxidized plutonium without a respirator. He died in 1983 (pneumonia,
myocardial infarct). From autopsy results, the activities in the lung, liver and skeleton, at the
time of death, were 1.39E4 Bq, 173 Bq and 226 Bq, respectively.

Organ Activities Predicted Using Lung Measurements

The lung burden in this case was estimated to be 8 times the maximum permissible lung burden
on the day of the fire. There are several recorded results for Pu and Am from chest counts.
There are also several results given for Pu lung counts reported in nCi from 1/12/66 until
8/22/73. All lung measurement results are less than the activities measured at autopsy. The
highest measured activity was 8.8E3 Bq. The last result in the worker’s record (from 8/22/73) is
107 nCi or 3,959 Bq, which is not consistent with the 13,900 Bq measured ten years later.
According to Dr Bistline, this low measurement result may be due to interferences from black
lung disease that the individual experienced from a previous job as a coal miner.

SC&A Evaluation: The predicted activity of Pu-239 in lung at the time of death, calculated

using the first 200 days of results, together with the adjustment factors from ORAUT-OTIB-

0049, is 25,400 Bq; higher than the autopsy value. The predicted activity of Pu in skeleton is
615 Bq and the predicted activity in liver is 411 Bq, both higher than the autopsy data.

The predicted activity in lung is higher than the autopsy result, but on the other hand, it is also
higher than the last measurement result. As the NIOSH approach is not really a model but an
overestimate, based on worst-case assumptions (HAN-1 and RFP-872), SC&A accepts the
overestimate as claimant favorable.

Organ Activities Predicted Using Urine Bioassay Results

The bioassay records of the worker show urine results for Pu from 10/17/65 until 6/12/73.
SC&A Evaluation: Using the first 48 results and applying the adjustment factors, the predicted
activity in lung at the time of death is 2.88E5 Bq which is 20 times the 1.39E4 Bq activity from

autopsy. The predicted activities in skeleton and liver, at the time of death, are 7,050 Bq and
4,700 Bq, respectively, values that overestimate the autopsy activities.
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Case C:

The worker was exposed to high-fired plutonium in the accidental fire of October 1965. He was
in the vicinity of the presumed oxidized plutonium without a respirator. He died in 1970 (cancer
of the urinary bladder). From autopsy results, the activities in the lung, liver and skeleton, at the
time of death, were 1,627 Bq, 4.8 Bq and 21 Bq, respectively.

Organ Activities Predicted Using Lung Measurements

There are several results for Pu lung counts reported in nCi from 10/21/65 until 7/23/69. All
lung measurements results from 1968 and 1967, with the exception of the last one, are smaller
than the activity from autopsy. The last result in the worker’s record (from 7/23/69) is 1,421 Bq,
compared with 1,627 Bq from autopsy, and much higher than the results from 1968-1969. There
is no history cited for this individual of another Pu exposure accident. According to Dr Robert
Bistline, an RFP site expert, this last measurement result is more reliable than the previous ones,
given the improved measurement technology.

SC&A Evaluation: Using the lung burden result from 7/23/69 (1,412 Bq), and the adjustment
factors from ORAUT-OTIB-0049, the predicted activity of Pu-239 in lung at the time of death is
3,990 Bq, higher than the measured autopsy activity in the lungs, 1,627 Bq. The predicted
activities at the time of death are 191 Bq for the skeleton and 123 Bq for the liver, both results
higher than the corresponding autopsy data (21 Bq for skeleton and 4.8 Bq for liver).

While the predicted activity in lung is higher than the autopsy result, it is also higher than the last
measurement result. As the NIOSH approach is not actually a model but an overestimate, based
on worst-case assumptions (HAN-1 and RFP-872), SC&A accepts the overestimate as claimant
favorable.

If all the in-vivo results are used to derive the intake (least square method), the predicted activity
of Pu-239 in lung at the time of death is 1,240 Bq, close to, but less than the autopsy value of
1,627 Bq. The predicted activity of Pu in skeleton is 59 Bq and the predicted activity in liver is
38 Bq, both higher than the autopsy data.

Organ Activities Predicted Using Urine Bioassay Results

The bioassay records of the worker show urine results for Pu from 09/20/62 until 9/12/69. The
first positive measurement is dated 10/27/65, the first measurement after the fire. There are two
very high measurement results:

e 4.25 dpm on 03/06/67 (only on the Excel records, not confirmed using the other bioassay
records of the worker). There are no follow up measurements. The next monitoring
result is 4.23 dpm, almost one year after this sample was taken.

e 4.23 dpm on 03/05/68, followed by measurements at background in 04/22/68. There is
no mention of accidents involving the worker in 1968, prior to the 03/05/68 sample.
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Using all urine results, except the one on 03/06/67, as if they were related to the intake from the
fire, and Type S excretion rates, the calculated intake from the fire is 2E6 Bq (unweighted least
square). The intake related to the October fire, calculated using only the urine data set before
03/06/67 (from 10/27/65 until 01/03/67) and Type S excretion rates is 1.2 E6 (unweighted least
square).

SC&A Evaluation: Considering that an acute intake of 1.2E6 Bq occurred in October 15, 1965,
and applying the adjustment factors from ORAUT-OTIB-0049 and its complement (draft
“Approach to Dose Reconstruction for Super Type S Material,” March 2006) for Super Type S
Material, the predicted activity of Pu-239 in lung at the time of death (1970) is 2.9E5 Bq, which
is much higher than the 1.627E3 Bq activity from autopsy. The predicted activities in skeleton
and liver, at the time of death, just using Type S, are 1,970 Bq and 1,270 Bq, respectively, values
that overestimate the autopsy activities.

Case D:

The worker died in 1971. The autopsy values for Pu-239 are 309 Bq for the lungs, 0.4 Bq for the
liver and 0.6 Bq for the skeleton. The worker has a single chest count result, in 7/1/68, with a
recorded value of zero for Am.

The worker’s Excel bioassay records provide urine results for Pu from 1958 until March 1972,
which can be considered unusual since the worker died in 1971. The last bioassay data on the
Health Physics Information Excreta Data is 6-20-68. He left work on 6-21-68. All the excreta
data on the Excel table until 6-20-68 are the same as recorded in the Health Physics Information
Excreta Data, except for August 14™ 1958 (which included a remark that this apparent
discrepancy may be due to a typo error).

Most positive urine excretion values are below the mean detection limit listed in the TBD for the
period from 1958 to 1971, except for August 10, 1962; May 6, 1963; and
October 15, 1965. The only accident recorded in his files associated with the urine results above
the detection limits is an 8/8/62 accident, which was described as follows:

Contamination on back of neck, forehead, left forearm, left wrist, 4th right finger. After
decontamination with sodium hypochloride, shaved areas, showered, and changed clothes.
Initial counts infinitive. Final alpha counts -- Back of neck 4000 ¢/m... [Case D individual
record]

In August 10, 1962, the value of Pu in the urinary excretion data increased one order of the

magnitude, indicating that the worker had internal contamination, possibly from inhalation and
from a wound (finger), in 08/08/1962.

SC&A Evaluation: Assuming a single inhalation intake of Pu Type S occurred on that date, the
predicted quantities in lung, liver and bone at the time of death are 150 Bq,

57 Bq, and 83 Bq,, respectively. Thus, for liver and skeleton, the use of Type S alone is
sufficient to overestimate the amount found at autopsy. If the Pu intake is treated as high-fired
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(even though there is no mention of a high temperature in this case), the predicted amount in the
lung would have been 7,760 Bq, which also overestimates the concentration at autopsy.

Case E:

The worker died in 1979, and the autopsy values for plutonium are 1,920 Bq for the lung, 38.4
Bq for the liver and 57 Bq for the skeleton.

In this case, the worker has in his bioassay records, urine results from Pu from 1955 until 1965.
All results are listed as zero (SMDA) with the exception of the last one, in 1965, after the fire.
Using the urine bioassay results and considering chronic inhalation intakes from 1955 until 1965,
and a urinary result equal to the MDA, the daily intake is equal to 17.5 Bq. If the MDA/2 would
have been considered, the daily intake is equal to 8.8 Bq. At 24 years after exposure, the
predicted amount in lung is 9,177 Bq. If the MDA/2 was used, the predicted activity in lungs
would have been 4,589 Bq.

The ORAUT-OTIB-0049 method overestimates the 1,920 Bq from autopsy. The predicted
activity in skeleton is 277 Bq. If the MDA/2 is used, the predicted activity in bone would have
been 138 Bq. Thus, the NIOSH method overestimates the 57 Bq from autopsy. The predicted
amount in liver is 184.8 Bq. If the MDA/2 is used, the predicted activity in liver would have
been 92 Bq. Thus, the method overestimates the 38 Bq from autopsy.

If an acute intake by inhalation is assumed in the day of the fire, with resulting 0.45 dpm activity
in the urine sample taken on October 17, 1965, the predicted Pu-239 in lung at the time of death
is 8.21E3 Bq, an overestimate of the autopsy data. The predicted activities in the skeleton and
liver are 233 Bq and 281 Bq, respectively. Both results overestimate the autopsy data.

SC&A Evaluation: NIOSH adjustment factors applied to urine bioassay data considered equal
to the MDA and to MDA/2 produced predicted activities in the lungs, liver and skeleton, at the
time of death, that overestimated the activities in those tissues as compared with measurements
from autopsy.

Case F:

The worker died in March 1973. The autopsy activities for >*’Pu are 130 Bq for the lung, 75 Bq
for the liver and 24 Bq for the skeleton.

The worker’s bioassay records show urine results for Pu from 1957 until 1973. Most of these
results have positive values. The worker was exposed to an acute inhalation intake on 8/15/58
when the G-5 Furnace caught fire or pressurized allowing contamination to billow out into the
room. On October 21, 1958, the worker had a hand wound contamination. From the record, it
appears that several other accidents followed.

SC&A Evaluation: An acute inhalation intake in 8/15/1958 was assumed, with exposure to
high-fired plutonium given the recorded fire. Urine results from August 15™ until October 20",
1958, were assumed to be all related to the 8/15/1958 intake. The intake, calculated using Type
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S, AMAD 5um, and unweighted least square on the urine results from 8/15/58 to 10/20/58, is

calculated as 8.35E5 dpm or 1.4E4 Bq. Using only this set of results, the amount predicted in
lung, liver and bone are 5,500 Bq, 85 Bq and 125 Bq, respectively. These values overestimate
the autopsy results.

Case G:

The worker died in 1979 (cardiac arrest). The autopsy activities are 194 Bq for the lung, 20.6 Bq
for the liver and 36.4 Bq for the skeleton. The worker’s file contains a list of several
contamination incidents to which the worker may have been exposed through inhalation and
wounds.

Organ Activities Predicted Using Lung Measurements

There are four Pu lung-counting results from 07/19/71 until 02/01/73, all of which were zeros.
An MDA of 27 nCi (1,000 Bq) was used to derive the lung, liver and skeleton burden at the time
of death.

Three scenarios were studied: continuous exposure from 1971 to 1973, continuous exposure
between the two last measurements in 1973, and a single exposure in the middle of the last
monitoring interval (1973). Using the first scenario and ORAUT-OTIB-0049 adjustment factors,
the predicted lung burden at the time of death is 646 Bq, much higher than the autopsy activity
(194 Bq). The predicted Pu organ activities at the time of death are 63 Bq for the skeleton and
42 Bq for the liver, both results being higher than the autopsy data (36.4 Bq for skeleton and
20.6 Bq for liver).

The second scenario leads to predictions in the lungs (1,070 Bq), liver (27 Bq) and skeleton

(40 Bq), which are higher than the autopsy results. The first scenario leads to a predicted 780 Bq
in the lungs, 22 Bq in the liver and 33 Bq in the skeleton, at the time of death. Those predictions
are similar to the measure activities at autopsy. It is noted that there are several wound reports
which could have increased the liver and skeleton concentrations.

SC&A Evaluation: NIOSH adjustment factors, applied to lung bioassay data considered equal
to the MDA, produced predicted activities in the lungs that, at the time of death, overestimated
the activities in those tissues, as compared with measurements from autopsy. For systemic
organs, it is necessary to analyze the urine data to account for any intakes via wounds, which,
however, do not significantly affect the lung burdens.

Organ Activities Predicted Using Urine Bioassay Results
The bioassay records of the worker show urine results for Pu from 08/28/57 until 5/31/73. The

first positive measurement is dated 07/16/65. From the urine data, it is possible to derive three
intake scenarios, which are not exclusive from each other (i.e., all three may have occurred)
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e In the first scenario, an intake in the middle of the 8/4/71 and 8/18/71 interval is assumed.
The predicted activities at the time of death are 760 Bq in the lungs, 236 Bq in liver and
349 Bq in skeleton, using just Type S and no adjustment factors for high-fired plutonium.

¢ In the second scenario, a single intake in the middle of the interval between 04/21/65 and
07/16/65 1s assumed. Using ORAUT-OTIB-0049 and complement adjustment factors, an
activity of 1.17E4 Bq is predicted for the lung, 472 Bq for the liver and 694 Bq for the
skeleton.

e In the third scenario, a constant chronic exposure is assumed, in the interval 3/7/68 until
8/4/71. Using ORAUT-OTIB-0049 and complement adjustment factors, an activity of 4.
94E3 Bq is predicted for the lung, 117 Bq for the liver and 171 Bq for the skeleton.

SC&A Evaluation: The ORAUT-OTIB-0049 and its complement, draft “Approach to Dose
Reconstruction for Super Type S Material,” dated March 2006, overestimates the activities in the
skeleton, liver and lungs, when urine data results are used. All lung results were below detection
limits. The use of the adjustment factors together with the MDA for lung counting,
overestimates the activity in lungs at the time of death. When the MDA for lung measurements
is used to derive the bone and liver activities at the time of death, underestimation may occur,
depending on the scenario that is chosen. This underestimation may be due to wound
contamination, which is not accounted for in lung measurements.

Case H:

The worker died in 1970, from heart surgery. The autopsy results are 95.8 Bq in the lung,
321 Bq in the liver and 22.5 Bq in the skeleton.

The worker had a serious wound contamination on 11/06/65. He received DTPA treatment. He
had two other recorded wound incidents in 2/26/1960 and 2/12/1963. He has several positive
urine results since 2/9/60 until 10/24/69. Until the 1965 accident, urine results varied between
less than the detection limit and 2.1 dpm/24h. This last value is probably related to the 1960
wound incident.

This is not a clear case of exposure to high-fired oxides of plutonium, but the autopsy activity
result for the lung, nonetheless, is relatively high in comparison. The two wound accidents,
before 1965, are associated with elevated excretion rates. There are no recorded lung
measurements. The activity of plutonium in the lung from autopsy results cannot be explained
by the assumption of low-level chronic inhalation intakes. When the chronic inhalation intake
scenario is used together with the last excretion rate result before the 11/06/1965 wound
accident, the predicted activity in lung is less than the autopsy activity. If high-fire adjustment
factors are applied, the predicted activity in lung at the time of death is 1,771 Bq, an
overestimation of the autopsy data. The likelihood of high-fired inhalation exposure in this case
is doubtful.
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7.0 VARIABILITY AND PROBLEMS OF REPRODUCIBILITY EXPERIENCED IN
THE FIRST SEVERAL YEARS OF LUNG COUNTING MEASUREMENTS AND
ITS IMPLICATIONS ON THE NIOSH APPROACH TO CALCULATE LUNG
DOSES BASED ON MEASUREMENTS

Because of the variability and problems of reproducibility experienced in the first several years
of lung counting measurements, it is difficult to calculate the level of uncertainty associated with
those values. SC&A has some reservations on the use of in-vivo plutonium bioassay results
before 1970. This is not a problem related to high-fired oxides, but one related to the
measurement of plutonium, itself. When autopsy data was compared with measurement results,
it was often found that the autopsy lung burden was higher than that obtained from lung
counting. This is a condition that cannot be explained by any existing model.

The following graph, in Figure 1, illustrates the comparison between lung counting results and
the activity present at autopsy for Case C. It can be seen that the lung activity at the time of
death is higher than most of the lung measurements results. It is a caution that even when the
most sophisticated and advanced techniques for the time were applied (which was the case in the
monitoring after the fire), the lung burden derived from in-vivo measurements often
underestimates the real amount in the lung.

Lung Counting Results
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Figure 1. Comparison of Lung Counting Results to Autopsy Measurements for Case C
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All other RFP cases from the USTUR that were reviewed, along with plutonium lung autopsy
activity results above the detection limit for the lung counting, presented the same problem of
underestimation of lung burden from in-vivo measurements (i.e., Cases B, A (small
underestimation), and E; details are provided in Appendix C.

The following NIOSH statement, although theoretically correct, should be reevaluated to account
for the inconsistencies between in-vivo lung burden and autopsy results:

If the Type S lung dose was calculated from a chest count, the application of the
adjustment factor will result in an implied Type SS lung content that is
inconsistent with the original chest count. To make the observed and predicted
chest counts agree, the Type SS lung dose must be adjusted downward by the
adjustment factor for the year of the chest count used to determine the intake;
(ORAUT-OTIB-0049)

However, comparisons of autopsy data for lungs and the lung count measurements, and the use
of the empirical model in ORAUT-OTIB-0049 with its associated correction factors, always
provided claimant favorable values. This even appears to hold true where problems existed in
the in-vivo lung measurements such as with Case B, where the autopsy data showed
approximately twice the amount of the lungs as was measured by the lung counting.

In this context, SC&A requests that NIOSH further justify the downward adjustment of the lung
adjustment factor, when chest counts are used to determine the intake, taking the account the
uncertainties in lung measurements before 1970.

8.0 SUMMARY CONCLUSION

Overall, SC&A is in agreement with the NIOSH approach for estimating annual dose from
intakes of Pu-239 that are retained in the lung longer than predicted by the normal absorption
Type S model, based on the applicability of empirically derived adjustment factors for the lung,
systemic organs, GI tract organs and tissues and extra-thoracic regions. SC& A agrees it is
claimant favorable under this approach to apply the adjustment factors if the intake material is
unknown and plutonium oxide is a possibility.

NIOSH has identified in its design cases, selected cases of contamination to high-fired plutonium
oxides. Among them, the two with the highest retention in the lung were chosen to derive the
lung adjustment factors. However, as noted earlier, NIOSH did not explain fully the selection
rationale for the design cases themselves. NIOSH needs to demonstrate that the most
conservative cases among the design cases would also be among the most conservative within
the whole data file from workers exposed to high-fired plutonium.

SC&A also concludes that doses to systemic organs can be underestimated when calculated from
lung measurements.

Based on the SC&A review of ORAUT-OTIB-0049 and its complementing documents, and
relevant cases that are the basis of the NIOSH approach, it is concluded that the use of the
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empirical model and its correction factors is plausible for estimating annual dose to the
lung, systemic organs, Gl tract organs and tissues, and extra-thoracic regions for intakes of
Pu-239 that are retained in the lung longer than predicted by the normal absorption

Type S model. The SC&A evaluation found the empirical approach and its correction
factors to be claimant favorable, typically over-predicting the organ depositions.

However, the over-prediction for Type SS is not an unreasonable approach, considering the
uncertainties that exist in the measured values (lung counts and urine assay models), and in
particular, the autopsy extrapolations that were made. On this last point, Dr. Bistline, an RFP
site expert, notes from first-hand knowledge that when the autopsy tissues were analyzed, the
tracheal-bronchial lymph nodes and the bronchial-pulmonary lymph nodes were separated out,
and the pathologist usually took a small portion of the lymph nodes and the lung tissue at the
autopsy. Likewise, the pathologist usually took a portion of the liver, and, only representative
samples of bone (a rib, a vertebral wedge, a femur ring, the sternum tree, a very small skull bone
sample, part of the time the patella and a collar bone) were collected from which the skeletal
deposition was extrapolated. This tissue sampling would contribute to the aforementioned
uncertainties.

With respect to NIOSH responses in its evaluation report to other petitioner issues related to
high-fired plutonium exposures, SC&A agrees with the position taken in the evaluation report, as
follows.

Particle Size

SC&A agrees with the NIOSH position that this is not a dose reconstruction feasibility issue
because intake is based on urine bioassay or lung count measurement, rendering particle size not
relevant except for reconstructing doses to the GI tract. The ER further observes that the default
particle size of 5.0 um in that case would be claimant favorable. In reality an adjustment factor
for particle sizes is proposed by NIOSH, when calculating doses to the lung from urine bioassay
results.

ORAUT-OTIB-0049 clearly states on page 11, item 4.2:

Dose adjustment factors are based on the assumption of a 5-um activity median
aerodynamic diameter (AMAD) particle size. For the RFP plutonium fires, a
particle size of 1 um AMAD is recommended (ORAU 2005). The dose adjustment
factors underestimate the annual lung doses by a factor of 2.6 for 1 um AMAD
aerosols because the deposition in the alveolar interstitial (A1) region of the lung
is 2.6 times greater for I um aerosols than 5 um aerosols per unit intake. For
energy employees involved in a plutonium fire at RFP (or any time the dose
reconstructor deems use of a 1-um AMAD particle size appropriate), the dose
adjustment factors in Attachment D must be multiplied by an additional factor of
2.6.
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Self-Absorption in High-Fired Particles

SC&A agrees with the NIOSH position that any non-trivial self-shielding of the 60 keV gamma
radiation (from the Am-241 daughter upon which Pu lung counting relies) from a “ceramicized”
high-fired Pu particulate would not be plausible. This is based on the NIOSH calculation of
expected reduction in radiation emitted by an assumed cermically encased particle of 0.12 pm
diameter, which showed a reduction of approximately 0.03% in the emitted gamma signal.

Finally, the NIOSH approach for Super Type S, high-fired plutonium, is only effective if
implemented as proposed, for all RFP dose reconstruction cases where the intake material is
unknown and plutonium oxide is a possibility.

The SC&A analysis only applies to cases where the exposure was due to inhalation. The
findings of this report about the proposed NIOSH approach for estimating lung dose and non-
respiratory tract doses are restricted to that exposure route. Specifically, the model may not be
scientifically suitable or claimant favorable if the main intake route was via a wound.
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APPENDIX A: THE ICRP HUMAN RESPIRATORY TRACT MODEL

The current Human Respiratory Tract Model (HRTM), which is described in ICRP 66 describes
the processes, through a series of equations and calculations, that are involved when radioactive
material is inhaled. When used with models for other parts of the body, it permits the prediction
of how much of the inhaled material is present in organs. It may also be used, retrospectively, in
assessing how much radioactive material an individual has inhaled, from measurements of
activity in the body, in body organs, or excreta.

The ICRP has assigned numerical values to a wide range of model parameters. These values are
known as default or reference values, and were chosen to be typical representative values. In any
particular situation the actual values of many of the parameters will inevitably be different from
the reference values. There can be circumstances in which it is feasible, and desirable, to obtain
a more accurate or more reliable assessment of intake or dose, by using information specific to
the situation. This is likely to be the case when assessing doses retrospectively.

The biokinetic model of the HRTM is based on three stages:

e How much air is breathed in through the nose and through the mouth

e How much of the radioactive material in inhaled air deposits in each part of the
respiratory tract

e How quickly the radionuclides that have deposited are cleared, either by being carried in
mucous to the throat where they are swallowed, or by being absorbed into the blood

The HRTM is represented by five regions:

e The extra-thoracic (ET) airways divided into: the anterior nasal passage; and the posterior
nasal and oral passages, the pharynx and larynx

e The thoracic- bronchial region (BB: trachea, generation 0, and bronchi, airway
generations 1-8)

e The thoracic bronchiolar region (bb: airway generations 9—15)
e The thoracic alveolar-interstitial region (Al: the gas exchange region)

e The lymphatic tissue associated with the extra-thoracic and thoracic airways (LNET and
LNTH respectively)

These regions and airways are diagrammed in the following figure.
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Figure 2. Diagram of ICRP Human Respiratory Tract Model Regions

The HRTM Deposition Model

The deposition model evaluates fractional deposition of an aerosol in each region, for all aerosol
sizes of practical interest (0.6 nm—100 pum). Deposition parameters are given for four reference
levels of activity (sleep, sitting, light exercise, heavy exercise).

The HRTM Clearance Model

The HRTM describes several routes of clearance from the respiratory tract, which involve three
general processes. Material deposited in ET; is removed by extrinsic means such as nose
blowing. In other regions clearance is competitive between the movement of particles towards
the GI tract and lymph nodes (particle transport), and absorption into blood.
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Particle Transport

It is assumed by default that particle transport rates are the same for all materials. A single
compartment model is therefore provided to describe particle transport of all materials.
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Figure 3. Compartment Model Representing Time-Dependent Particle Transport from
Each Respiratory Tract Region

Rates shown alongside arrows are reference values in units of d”'. It is assumed that (i) the Al deposit is divided
between Al;, Al, and Al; in the ratio 0.3:0.6:0.1; (ii) the fraction of the deposit in BB and bb that is cleared slowly
(BB, and bby,) is 50% for particles of physical size <2.5 um and decreases with diameter >2.5 um, and the fraction
retained in the airway wall (BByq and bby,) is 0.7% at all sizes; (iii) 0.05% of material deposited in region ET; is
retained in its wall (ETsq) and the rest in compartment ET, which clears rapidly to the GI tract.

Absorption

Absorption into blood depends on the physical and chemical form of the deposited material. It is
assumed to occur at the same rate in all regions (including the lymph nodes) except the anterior
nasal region, where it is assumed that none occurs. Absorption is a two-stage process;
dissociation of the particles into material that can be absorbed into blood (dissolution), and
absorption into blood of soluble material and of material dissociated from particles (uptake).

The clearance rates associated with both stages can be time-dependent.

The simplest compartment model representation of time-dependent dissolution is to assume that
a fraction (fr) of the deposited material dissolves relatively rapidly, at a rate sr, and the rest (1-fr)
dissolves more slowly, at a rate ss. This is diagrammed in Figure 4.
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Figure 4. Compartment Model Representation of Time-Dependent Dissolution

Uptake to blood of dissociated material can usually be treated as instantaneous, but in some
situations, a significant fraction of the dissociated material is absorbed slowly into blood as a
result of binding to respiratory tract components. To represent time-dependent uptake, it is
assumed that a fraction of the dissolved material f;, is retained in a bound state, from which it
goes into blood at a rate s,, while the remaining fraction goes to blood instantaneously. In the
model, material in the bound state is not cleared by particle transport processes, but only by
uptake to blood.

An alternative model is presented in Figure 5, below, in which the material deposited in the
respiratory tract is assigned to compartments labeled “particles in initial state” in which it
dissolves at a constant rate. Material is simultaneously transferred to a corresponding
compartment labeled “particles in transformed state” in which it has a different dissolution rate.
(The ratio of these two dissolution rates approximates to the fraction that dissolves rapidly.)
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Figure 5. Compartment Model for Constant Rate Dissolution

It is recommended that material-specific rates of absorption should be used in the respiratory
tract model for compounds for which reliable human or animal experimental data exist. For
other compounds, default parameters are recommended according to whether the absorption is
considered to be fast (Type F), moderate (M) or slow (S) Recommended values for each are
specified in terms of dissolution and transfer rates. The bound state is not invoked for the default

parameters.

Default ICRP parameters are shown in the table below:

Table 2. Default ICRP Parameters

Parameters (days 7) Type F Type M Type S
Sp 100 10 0.1
Spt 0 90 100
St - 0.005 0.0001
fy 0 0 0
Sh - - -
f, 1 0.1 0.001
St 100 100 100
Ss - 0.005 0.0001
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APPENDIX B: DESIGN CASES
1. Individual Design Cases

SC&A has reviewed each individual RFP design case with the purpose of testing if the proposed
empirical HRTM parameters model gave an acceptable fit to the bioassay data. For each
individual case, intakes were derived for all bioassay results (lung and urine), using the
individual case-specific NIOSH proposed HRTM parameter. For each individual case, a perfect
fit between model and monitoring data is translated by having all data reproduce the same intake.
Bioassay data have a natural variation that has to be considered in this fit, as well as uncertainties
in the measurements. As expected because of the nature of urine excretion, the spread of values
is high for urine predicted intakes. At times close to the day of the exposure, there may have
been an influence from other plutonium compounds, not entirely oxidized in the fire, that are
more rapidly absorbed to the systemic circulation. For each case, the intakes derived from lung
measurement and urine excretion results are shown in the following graphs, as a function of time
after the day of exposure. The graphs demonstrate that at long time intervals after exposure, the
curve becomes flat, as expected, based on a model derived to fit long-term retention. The higher
intake, predicted shortly after exposure, implies an over-prediction of doses levels.

NOTE: Actual data from ORAUT-OTIB-0049 were used for these reviews, but the case numbers
have been protected for this publication.
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Case [AA] (no DTPA treatment, exposure from the 1965 fire)
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Case [DD] (DTPA, exposure from the 1965 fire)

In this case NIOSH did not use all available data. The additional data are shown in yellow.
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Case [EE] (DTPA, was exposed in the 1965 fire)
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Adjustment factors were derived based on this case. NIOSH only used the urine results from late
periods.
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Case [HH] (DTPA, exposed on August, 1971)

From spontaneous combustion of plutonium chips with carbon tetrachloride residue in a sample
can in a laboratory)

Extensive treatment with DTPA may have influenced the early urine samples.
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Case [I1] (DTPA, exposure in 1975, not from fire)
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2. Comparison of Empirical Models, per Bq intake of activity.
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Cases HAN [J]J] and RFP [FF] are the ones with the highest retention in lung. It is
reasonable to use them for the derivation of the adjustment factors.
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Conclusions on urine data are not so straightforward. Adjustment factors should be done
using the lung predictions, as proposed by NIOSH.
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APPENDIX C: INDEPENDENT REVIEW OF AUTOPSY CASES

SC&A has independently reviewed autopsy and bioassay data from the USTUR for eight Rocky
Flats workers with confirmed plutonium intakes. The observed lung, liver and skeleton burdens
at death were compared with values calculated based on the lung measurements and on the
urinary excretion of plutonium in these cases.

Case C:

The worker was exposed to high-fired Pu in the October 15, 1965, fire. Lung burden estimated
to be 2.6 x maximum permissible amount.

Death: March 19, 1970 — cancer of the urinary bladder
Autopsy Data:

1,627 Bq Lungs
4.8 Bq liver
21 Bq skeleton

Lung Measurements:

There are several results for Pu lung counts, reported in nCi, from 10/21/65 until 7/23/69. All
lung in-vivo measurements results from 1968 and 1967, with the exception of the last one, are

smaller than the activity from autopsy. The last in-vivo result in the worker’s record (from
7/23/69) is 1,421 Bq, compatible with 1,627 Bq, from autopsy.

The last lung measurement result, from 7/23/69, is much higher than the other ones made in 69
or 68. There is no mention of another exposure accident.

Using the lung burden result from 7/23/69 (1,412 Bq), and the adjustment factors from ORAUT-
OTIB-0049, the predicted activity of Pu-239 in lung at the time of death is 3,990 Bq, higher than
the activity in lungs derived from autopsy data (1,627 Bq). The predicted activities at the time of
death are 191 Bq for the skeleton and 123 Bq for the liver, both results higher than the autopsy
data (21 Bq for skeleton and 4.8 Bq for liver).

If all the in-vivo results are used to derive the intake (least square method), together with the
adjustment factors from ORAUT-OTIB-0049, the predicted activity of Pu-239 in lung at the time
of death is 1,240 Bq, a value which is close, but smaller than the autopsy value 1,627 Bq. The
predicted activity of Pu in skeleton is 59 Bq and the predicted activity in liver is 38 Bq, both
higher than the autopsy data.

The following graph illustrates the comparison between lung counting results and the activity
present at autopsy. It can be seen that the lung activity at the time of death is higher than most of
the lung measurements results. It is a warning that even when the most sophisticated and
advanced techniques for the time were applied (which was the case of the monitoring after the
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fire), the lung burden derived from in-vivo measurements often underestimates the real amount
in lung.
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Urine Bioassay:

The bioassay records of the worker show urine results for Pu from 09/20/62 until 9/12/69. The
first positive measurement dates 10/27/65, the first measurement after the fire. There are two
very high measurement results:

e 4.25 dpm on 03/06/67 (only on the Excel records, not confirmed using the other bioassay
records of the worker). There are no follow up measurements. The next monitoring
result is 4.23 dpm, almost one year after this sample was taken.

e 4.23 dpm on 03/05/68, followed by background in 04/22/68. There is no mention of
accidents involving the worker in 1968, prior to the 03/05/68 sample.
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The following graph illustrates the urine results for this worker:
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Using all urine results, except the one on 03/06/67, as if they were related to the intake from the
fire, and Type S excretion rates, the calculated intake from the fire is 2E6 Bq (unweighted least
square).

The intake related to the October fire, calculated using only the urine data set before 03/06/67
(from 10/27/65 until 01/03/67) and Type S excretion rates is 1.2E6 (unweighted least square).

(a) Lung predicted activity from urine bioassay data:

Considering that an acute intake of 1.2E6 Bq occurred in October 15, 1965, and applying
the adjustment factors from ORAUT-OTIB-0049 and its complement (Draft Approach to
Dose Reconstruction, March 2006) for Super Type S Material, the predicted activity of
Pu-239 in lung at the time of death (1970) is 2.9E5 Bq which is much higher than the
1.627E3 Bq activity from autopsy. If the whole set of urine data is used (except the one
from 03/06/67), the predicted amount in lung is 2.6E5 Bq.

(b) Skeleton predicted activity from urine bioassay data:
Considering that an acute intake of 1.2 E6 Bq occurred in October 15, 1965, the predicted
activity of Pu in skeleton just using Type S, without the correction factor, is 1,970 Bq;
much higher than the 21 Bq from autopsy.

(c) Liver predicted activity from urine bioassay data:
Considering that an acute intake of 1.2 E6 Bq occurred in October 15, 1965, the predicted

activity of Pu in liver just using Type S, without the correction factor, is 1,270 Bq, much
higher than the 4.8 Bq from autopsy.
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Summary:

The ORAUT-OTIB-0049 and its complement, Draft Approach to Dose Reconstruction for Super
Type S Material, March 2006, overestimate the activities in bone and liver. It overestimates the
amount in lung, if urine dataset is used. If the lung measurement results are used, it
overestimates the activity in lung, when the last lung measurements result (highest from 2 years)
is used. When all data set of lung results are utilized to derive the intake on the date of the fire,
the lung prediction is close, but smaller than the autopsy result.

Case B:

The worker was exposed to high-fired Pu in the October 15, 1965, fire. He was in the vicinity of
a plutonium fire without a respirator.

Death: October, 1983 — pneumonia, myocardial infarct
Autopsy Data:

1.39E4 Bq lungs
173 Bq liver
226 Bq skeleton

Lung Measurements:

Lung burden was estimated to be 8 times the maximum permissible lung burden, on the day of
the fire. There are several results for Pu and Am from chest counts. There are also several
results for Pu lung counts reported in nCi from 1/12/66 until 8/22/73. This last data set was used
to derive the intake and to predict of the activities of Pu in the lungs, liver and skeleton, at the
time of death.

All lung in-vivo measurements results are smaller than the activity from autopsy. The highest in-
vivo measured activity was 8.8E3 Bq. The last in-vivo result in the worker’s record (from
8/22/73) is 107 nci or 3,959 Bq, not compatible with 13,900 Bq, 10 years later.

The predicted lung burdens for Type S are compared to the in-vivo measurement results in the
Figures below:
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Using the lung burden result from January 12, 1966 (224 nCi = 8,300 Bq), and the adjustment

factors from ORAUT-OTIB-0049, the predicted activity of Pu-239 in lung at the time of death is
12,000 Bq (324 nCi). This is more than the worker had on January 12, 1966, the starting point
(8,300 Bq), even though smaller than the autopsy data 13,900 Bq (derived intake of 1.3E5 Bq).
The predicted activities at the time of death are 296 Bq for the skeleton and 198 Bq for the liver,

both results higher than the autopsy data (226 Bq for skeleton and 173 Bq for liver).

If the first 200 days data set of in-vivo results is used to derive the intake (least square method),
together with the adjustment factors from ORAUT-OTIB-0049, the predicted activity of Pu-239

in lung at the time of death is 25,400 Bq, higher than the autopsy value (derived intake of
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2.7E5 Bq). The predicted activity of Pu in skeleton is 615 Bq and the predicted activity in liver
is 411 Bq, both higher than the autopsy data.

The activity in lung at the time of death, as derived from autopsy data is higher than all lung
burden results derived from in-vivo measurements. The worker, in this case, had previously
worked in a coal mine and had black lung disease. This situation might have contributed to this
underestimation of lung burden from in-vivo monitoring. The following graph illustrates the
comparison between lung burden results derived from in-vivo measurements and the one from

autopsy:
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Urine Bioassay

The bioassay records of the worker show urine results for Pu from 10/17/65 until 6/12/73. If the
first measurement result (10/17/65) is used, an intake of 1E6 Bq is derived. If the first 48 results
and the least square method are used, the derived intake is 6.6ES Bq. The following graph
illustrates the predicted amount in urine using Type S plutonium, AMAD Sum, for both derived

intakes.

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
Health for factual accuracy or applicability within the requirements of 42 CFR 82.




Effective Date: Revision No. [Document No. Page No.

April 27, 2007 0 — Draft SCA-SEC-TASK5-0052, Volume 2 45 of 537
urine Pu
1000
100 .
" .
[] : .
. n
E 10 S retete coen e
= " B SmENn g oo oaEeeE T O Gy » predicted
i = predicted
E measured
S 1
0.1
0.01 T T T
1 10 100 1000 10000

days after fire

(a) Lung predicted activity from urine bioassay data:

Considering that an acute intake of 6.6 ES Bq occurred in October 15, 1965, and applying
the adjustment factors from ORAUT-OTIB-0049 and its complement (Draft Approach to
Dose Reconstruction for Super Type S Material, March 2006), the predicted activity of
Pu-239 in lung at the time of death (1983) is 2.88E5 Bq, which is 20 times the 1.39E4 Bq
activity from autopsy.

(b) Skeleton predicted activity from urine bioassay data:

Considering that an acute intake of 6.6 ES Bq occurred in October 15, 1965, the predicted
activity of Pu in skeleton is 7,050 Bq, using the Draft Approach to Dose Reconstruction
for Super Type S Material, March 2006. Thus the method overestimates the 226 Bq from
autopsy.

(c) Liver predicted activity from urine bioassay data:

Considering that an acute intake of 6.6 ES Bq occurred in October 15, 1965, the predicted
activity of Pu in liver is 4,700 Bq, using the Draft Approach to Dose Reconstruction for
Super Type S Material, March 2006. Thus the method overestimates the 173 Bq from
autopsy.
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CASE H:

The worker died in 1970, from heart surgery. The worker had a serious wound contamination in
11/06/65. He received DTPA treatment. He had two other recorded wound incidents in
2/26/1960 and 2/12/1963.

Autopsy Data:

95.8 Bq in the lung,
321 Bq in the liver
22.5 Bq in the skeleton.

He has several positive urine results since 2/9/60 until 10/24/69. Until the 1965 accident, urine
results varied between less than the detection limit and 2.1 dpm/24h. This last value is probably
related to the 1960 wound incident.
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This is not a clear case of exposure to high-fired oxides of plutonium, but the autopsy activity
result for the lung is relatively high. The two wound accidents, before 1965, are associated with
elevated excretion rates. There are no recorded lung measurements. The activity of plutonium
in the lung from the autopsy result cannot be explained by the assumption of low-level chronic
inhalation intakes. When a chronic inhalation intake scenario for 1960—1965 is used together
with the last excretion rate result before the 11/06/1965 wound accident, the predicted activity in
lung is 54 Bq, less than the autopsy activity. If high-fire adjustment factors are applied, the
predicted activity in lung at the time of death is 1,771 Bq, an overestimation of the autopsy data.
The application of high- fired inhalation exposure in this case is doubtful.
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Case A:

The worker was exposed to high-fired plutonium in the fire accident in October 15, 1965. He
was in the vicinity of a plutonium fire without a respirator. The lung burden was estimated to be
1.2 times the maximum permissible amount. Lung burden was estimated from in-vivo
measurements using body counter.

Death: Sept. 14, 1971 — emphysema
Autopsy Data:

720 Bq Lungs
9 Bq liver
4 Bq skeleton

Lung Measurements:

Lung burden results are reported in two different ways, with different results. In the Excel
tables, there is a reported measurement of 1.2 MPA in the day of the fire. This is the only
measurement reported on the Excel tables. On the other hand, on the pdf exposure file, this
measurement is reported as 2.1 Maximum Permissible Lung Burden. There are 12 lung
measurements in the pdf exposure file. The last measurement was reported in December 1966,
just before leaving the industry, and is equal to 1.1 MPLB (18 nCi or 666 Bq).

From the lung burden record in December 1966, 18 nCi, using the ORAUT-OTIB-0049 model,
the amount of Pu-239 predicted in lung at the time of death is 15 nCi (679 intake multiplied by

Type S fraction of 6.47E-3 multiplied by 6.8 and divided by 2) multiplied by AMAD correction
of 2.6 =39 nCi (1,443 Bq). This is more than the worker had in December 1966. The autopsy

data is 720 Bq in lung or 19 nCi. Thus the amount predicted in lung is claimant favorable.

From the 18 nCi measurement result, the calculated intake is 679 Bq and the predicted activities
in bone and liver are 47.5 Bq and 32 Bq, respectively, higher than the autopsy values.

Urine Bioassay:

The bioassay records of the worker show urine results for PU from 1963 to 1966. There are four
results for the period August 1963 to May 1965, all of them listed as zero (<KMDA). On

October 26, 1965, the first Pu positive result is presented: 0.26 dpm/24h of PU. After this date,
until January 1966, all Pu urine bioassay results are positive and similar to each other (range of
variation: 0.26 dpm/24h to 0.55 dpm/24h)

On January 1966, the urine bioassay result is 7dpm/24 hr, indicating another intake. The
predicted activities in organs were calculated using only the 1965 bioassay results, which are
probably a consequence of the exposure to the 1965 fire.
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(a) Lung predicted activity from 1965 urine bioassay data:

Using the 1965 urine bioassay results and considering that an acute intake occurred in
October 15, 1965, an intake equal to 34,000 Bq is calculated, using Type S Pu, AMAD
Spum. At the time of death (1971) the predicted amount in lung, using ORAUT-OTIB-
0049 and its complement (Draft Approach to Dose Reconstruction for Super Type S
Material, March 2006), is 15,977 Bq, which is much higher than the 720 Bq from
autopsy data.

Resolution: At 6 years after exposure, the predicted amount in lung, using Type S
material, would have been 910 Bq. Using the correction factor for lung from ORAUT-
OTIB-0049, for 6 years after acute intake, the result should be multiplied by 6.8. With
the further correction (multiplication by 4.7) from urine measurements, the predicted
activity in lung is equal to 910 x 6.8 x 4 = 6,145 Bq. A further multiplication by the
AMAD correction factor 2.6, will give a predicted activity in the lung of 15,977 Bq.

(b) Skeleton predicted activity from 1965 urine bioassay data:

Using the 1965 urine bioassay results and considering that an acute intake occurred in
October 15, 1965, an intake equal to 34,000 Bq is calculated, using Type S Pu, AMAD
Sum. At the time of death (1971) the predicted amount in skeleton, using the Draft
Approach to Dose Reconstruction for Super Type S Material, March 2006 is 113 Bq.
Thus, the method overestimates the 4 Bq from autopsy.

Resolution: At 6 years after exposure, the predicted amount in bone, using Type S
material would have been 65 Bq. Using the correction factor for Type SS after 52d (last
urine sample in 1965):

(Type S predicted amount at 6 years - Type S predicted amount at 52days) times 4.7 +
Type S predicted amount at 52 days = 113 Bq.

(c) Liver predicted activity from 1965 urine bioassay data:

Using the 1965 urine bioassay results and considering that an acute intake occurred in
October 15, 1965, an intake equal to 34,000 Bq is calculated, using Type S Pu, AMAD
Sum. At the time of death (1971) the predicted amount in liver, using the Draft
Approach to Dose Reconstruction for Super Type S Material, March 2006, is 182 Bq.
Thus the method overestimates the 9 Bq from autopsy.

Resolution: At 6 years after exposure the predicted amount in liver, using Type S
material would have been 43 Bq. Using the correction factor for Type SS after 52d (last
urine sample in 1965):

(Type S predicted amount at 6 years - Type S predicted amount at 52 days) times 4.7 +
Type S predicted amount at 52 days= 182 Bq
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Summary:
Autopsy (Bq) Predicted from lung  Predicted from urine
psy (Bq bioassay (BQq) bioassay (BQq)

6,145 (15,977 with

lung 720 1,443 AMAD correction)

skeleton 4 47.5 113

liver 9 32 182

Case D:
The worker died in September 1971.
Autopsy Data for Pu-239:

309 Bq Lungs — 42 Bq LNTH
0.4 Bq liver
0.6 Bq skeleton

The worker had a single chest count result, in 7/1/68, with a recorded value of zero for Am.

The worker has in the Excel bioassay records, urine results of Pu from 1958 until March 1972,
which is strange since the worker died in 1971. The last bioassay data on the Health Physics
Information Excreta Data is 6/20/68. He left work on 6/21/68. All the excreta data on the Excel
table until 6/20/68 are the same as recorded in the Health Physics Information Excreta Data,
except for August 14, 1958, but there is remark that it might be due to a typo error.

Most positive urine excretion values are below the mean detection limit listed in the TBD for the
period from 1958 to 1971, except for four dates: August 14, 1958 (typo error?); August 10th,
1962; May 6, 1963; and October 15, 1965. The only accident recorded in his files associated
with the urine results above detection limits is an 8/8/62 accident, which was described as
follows:

Contamination on back of neck, forehead, left forearm, left wrist, 4th right finger.
After decontamination with sodium hypochloride, shaved areas, showed, and
changed clothes. Initial counts infinitive. Final alpha counts -- Back of neck
4000 c/m;

October 15, 1965 is the day of the fire.

On August 10, 1962, the value of Pu activity in the urinary excretion increased one order of the
magnitude in relation to the previous monitoring results, indicating that the worker had internal
contamination, possibly from inhalation and wound (finger). The incident occurred on August 8,
1962. Assuming that an acute inhalation intake of Pu Type S occurred in that date, the estimated
intake value is 4.0E4 Bq. The urine excretion data used to predict the intake were 08/10/62
(3.32 dpm), 11/19/62 (0.24 dpm) and 12/05/62 (0.32 dpm). Just using theses results and Type S,
AMAD 5um, the predicted quantities in lung, liver and bone at the time of death are 150 Bq,
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57 Bq and 83 Bq, respectively. Thus for liver and skeleton, the use of Type S overestimates the
amount found at autopsy.

If the Pu intake was treated as high-fired (even though there is no mention of high temperature in
this case), the predicted amount in the lung would have been: 7,760 Bq, which overestimates the
concentration at autopsy.

On October 15, 1965, the value of Pu in the urinary excretion increased twice the previous value,
indicating that the worker may have had an inhalation exposure. If it is assumed that the intake
was from the exposure to the fire accident, it is difficult to calculate the intake. Depending on
how long after the intake the sample was taken, there is a fairly high variation on the predicted
intake. A reasonable guess, from the data is 1E4. The predicted activity in lung at time of death,
using Type S plutonium is 66 Bq. The predicted concentration, using the ORAUT-OTIB-0049
adjustment factors is 5,500 Bq, which is much higher than the amount found at autopsy.

It is interesting to note that using only Type S Plutonium, the predicted amount in lung from the
two incidents together is 216 Bq, a value smaller than the one from autopsy.

As the urinary excretion of the worker has several other positive results, the activity in lung
might be due to other acute inhalation intakes or due to chronic inhalation intake. For example
in 05/06/63, there is relatively high urinary excretion. There is no accident relating to this
excretion in the files. But there are three background results reported, without dates and a
measurement dated November 1963, with 0.28 dpm Pu activity. The assumption of an intake on
the day before the measurement will give one of the smallest intakes possible. This would imply
an additional 19 Bq in the lung. If it was assumed that the intake occurred in the middle of the
interval 01/01/63—05/06/63, the predicted amount in lung at time of death, just from this intake
would have been 280 Bq. If a continuous exposure was simulated from 01/01/63 until 05/06/63,
the amount predicted in lung would have been 220 Bq, just from the chronic intake in the period
01/01/63-05/06/63.

CONCLUSION:

1. The ORAUT-OTIB-0049 is claimant favorable and predicts activities in lung and organs
higher than found in autopsy.

2. If high-fired Pu adjustment factors are not applied, the accuracy on predicting the
concentration in lung depend on the scenario that is assumed (intake model: chronic,
acute on the day before measurement result, acute middle of monitoring interval, etc).

CASE F:
The worker died in March 1973.

The worker was exposed to an acute inhalation intake on 8/15/1958 described in his file as:
Special G-5 Furnace caught fire or pressurized allowing contamination to billow out into the
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room. He was monitored when he came out of room: Right nostril 5,000 cpm, left nostril
4,500 cpm, forehead 1,000 cpm, cheeks 500 cpm back of neck 750 cpm.

Autopsy Data for Pu-239:

130 Bq Lungs
75 Bq liver
24 Bq skeleton

The worker has in his bioassay records, urine results of Pu from 1957 until 1973. Most of the
results have positive values, although below the mean detection limit listed in the TBD for the
period.
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An acute inhalation intake was assumed to have occurred in 8/15/1958, in which the worker
could have been exposed to high-fired plutonium, because of the fire. The urine results from
August 15" until October 20", 1958, were assumed to be related to the 8/15/1958 accident.

The intake, calculated using Type S, AMAD 5um and unweighted least square on the urine
results from 8/15/58 to 10/20/58 is 8.35E5 dpm or 1.4E4 Bq. Using only this intake, and the
model described in ORAUT-OTIB-0049 and its complement Approach to Dose Reconstruction
for Super Type S Material, March 2006, the activities predicted, at the time of death, in lung,
liver and bone are 5.5E3 Bq, 85 Bq and 125 Bq, respectively.

Using only the inhalation intake from 08/15/58, the activities in organs are overestimated. There
were other positive urine results after that, including intakes through puncture that would
theoretically have increased, even further, the expected amount in the organs.

Case G:

The worker’s file contains a list of several contamination incidents to which the worker might
have been exposed, through inhalation and wounds.
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Death: 1979 (beginning of 1979, authorization for autopsy dates 15/2/79) — cardiac arrest
Autopsy Data:

194 Bq Lungs
20.6 Bq liver
36.4 Bq skeleton

Lung Measurements:

There are four Pu lung counting results from 07/19/71 until 02/01/73; all zeros. The MDA of
27 nCi (1,000 Bq) was used to derive the lung, liver and skeleton burden at the time of death.
Three scenarios were assumed to interpret the in-vivo lung burden results: continuous exposure
from 1971 to 1973, continuous exposure between the two last measurements in 1973, and single
exposure in the middle of the last monitoring interval (1973). Using the first scenario and
ORAUT-OTIB-0049 adjustment factors, at the time of death, the predicted lung burden is

646 Bq, much higher than the autopsy activity (194 Bq). The predicted activities at the time of
death are 63 Bq for the skeleton and 42 Bq for the liver, both results higher than the autopsy data
(36.4 Bq for skeleton and 20.6 Bq for liver).

The second scenario leads to predictions in the lungs (1,070 Bq), liver (27 Bq) and skeleton

(40 Bq), which are higher than the autopsy results. The first scenario leads to predictions at the
time of death, 780 Bq in the lungs, 22 in liver and 33 in the skeleton. Those predictions are
similar to the autopsy activities for liver and skeleton. There were several wound reports which
could have increased the liver and skeleton concentrations.

Urine Biosassy:

The bioassay records of the worker show urine results for Pu from 08/28/57 until 5/31/73. The
first positive measurement dates 07/16/65.

The following graph illustrates the urine results for this worker:
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From the urine data it is possible to derive three intake scenarios, not exclusive one from the
others.

e In the first scenario, an intake in the middle of 8/4/71 and 8/18/71 interval is assumed.
An intake of 1.7E5 Bq is calculated based on the urine data. The predicted activities at
the time of death are 760 Bq in the lungs, 236 Bq in liver and 349 Bq in skeleton, just
using Type S and no adjustment factors for Super Type S.

e In the second scenario, a single intake in the middle of the interval between 04/21/65 and
07/16/65 is assumed. Using ORAUT-OTIB-0049 and complement adjustment factors, an

activity of 1.17E4 Bq is predicted for the lung, 472 Bq for the liver and 694 for the
skeleton.

e In the third scenario, a constant chronic exposure is assumed, in the interval 3/7/68 until
8/4/71. Using ORAUT-OTIB-0049 and complement adjustment factors, an activity of
4.94E3 Bq is predicted for the lung, 117 Bq for the liver and 171 Bq for the skeleton.

Summary:

The ORAUT-OTIB-0049 and its complement Draft Approach to Dose Reconstruction for Super
Type S Material, March 2006, overestimates the activities in the skeleton, liver and lungs, when
urine data results are used. All lung results were below detection limits. The use of the
adjustment factors together with the MDA for lung counting, overestimates the activity in lungs
at the time of death. When the MDA for lung measurements is utilized to derive the bone and
liver activities at the time of death, underestimation may occur, depending on the scenario that is
chosen. This underestimation may be due to wound contamination, which is not accounted for
from lung measurements.
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Case E:

The worker died in 1979. Several accidents that could lead to internal exposures to Pu are listed
in his file: 12/06/55; 01/26/56; 08/10/56; 03/08/57; 08/28/58; 04/254/59 (fire); 04/27/60; and
09/23/61.

Autopsy Data for Pu:

1,920 Bq lung
38.4 Bq liver
57 Bq skeleton

The worker has in his record a lung counting measurement in 11/24/65, in which the reason
listed is the 1965 fire. The result of the measurement is not quantified for plutonium and there is
a note of a slight Am-241 photopeak visible. There is another lung in-vivo measurement
recorded, in 07/14/66, where there is a note small peak visible. Routine is listed as the reason for
the measurement. The autopsy value, 1920 Bq (55 nCi), is above the limit of detection at the
time and above recorded lung measurement results for other workers.

The bioassay records include urine results from Pu from 1955 until 1965. All results are listed as
zero (KMDA) with the exception of the last one, in 1965, after the fire. The 1965 result has a
positive value, although below the mean detection limit listed in the TBD for 1965.

Considering a chronic inhalation intake from 1955 until 1965, with the last year urine result
equal to the MDA, the derived daily intake is equal to 17.5 Bq. If the MDA/2 would have been
considered, the daily intake would be equal to 8.8 Bq.

At 24 years after exposure the predicted amount in lung, using Type S material would have been,
as follows:

e The adjustment factor for lung from ORAUT-OTIB-0049, for 10y chronic exposure and
24y time after start of chronic intake, is 23. With the further correction (multiplication by
4) because urine data was used to calculate the lung burden, the predicted activity in lung
should be 99.7 x 23 x 4 =9,177 Bq. If the MDA /2 was used, the predicted activity in
lungs would have been 4,589 Bq. Thus the method overestimates the 1,920 Bq from
autopsy.

At 24 years after exposure, the predicted amount in the skeleton is calculated from the predicted
activities at 10y and 24y, using Type S plutonium and the adjustment factors for Super Type S:

e The activity at 24y, minus the amount at 10y, is multiplied by 4. To this value the
activity at 10y should be added. From urine measurements, the predicted activity in the
skeleton should be (145.95 - 102.2) x 4 + 102.2 =277 Bq. If the MDA /2 was used, the
predicted activity in bone would have been 138 Bq. Thus the method overestimates the
57 Bq from autopsy.
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At 24 years after exposure, the predicted amount in the liver is calculated from the predicted

activities at 10y and 24y, using Type S plutonium, and the adjustment factors for Super Type S:

e The activity at 24 years minus the amount at 10y is multiplied by four. To this value the
activity at 10y should be added. From urine measurements, the predicted activity in liver

should be (96.6-67.2) x 4 + 67.2 = 184.8 Bq. If the MDA /2 was used the predicted

activity in bone would have been 92 Bq. Thus the method overestimates the 38 Bq from

autopsy.

If an acute inhalation intake is assumed at the day of the fire, with resulting plutonium activity of
0.45 dpm in the urine sample taken on the 17™ of October 1965, the predicted activity of Pu-239
in lung at the time of death is 8.21E+03 Bq, an overestimate of the autopsy data. The predicted

activities in the skeleton and liver are 233 Bq and 281 Bq, respectively. Both results
overestimate the autopsy data.
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ATTACHMENT 2: SC&A EVALUATION OF REPRESENTATIVENESS
OF THE MODEL CASES

The list shown below is a summary of SC&A evaluations of the lung files of the 25 workers
involved in the 65 fire.

Note: An index number has been substituted for the original “expid” numbers.

[The adjustment factors used in ORAUT-OTIB-0049 were derived based on data from two
cases; one from RFP (RFP-1) and one from a Hanford worker (HAN-1).]

1001: lung data stop in 1987, lung data much lower than case RFP-1

1002: lung data stop in 1973

1003: lung data until 1998, lung data much lower than case RFP-1

1004: lung data until 1997, could have been used as a design case

1005: lung data until 1997, very high results, much higher than all the other results, previous
exposure to Pu

1006: prior exposure to Pu, lung data much lower than case RFP-1

1007: lung data until 1987

1008: design case

1009: prior exposure to Pu, lung data lower than case RFP-1

1010: lung data until 1993, lung data much lower than case RFP-1, previous exposures to Pu,
prior to the 1965 fire

1011: design case used to derive adjustment factors

1012: design case

1013: design case

1014: very few measurement results

1015: lung data only until 1970

1016: lung data only until 1966

1017: previous exposures to Pu prior to the 1965 fire

1018: design case

1019: lung data stop in 1987, very few measurements

1020: lung data stop in 1987, very few measurements

1021: very few measurements

1022: lung data stop in 1971

1023: design case

1024: lung data stop in 1969

1025: lung data stop in 1971

Lung data from cases 1004 and 1005 were compared to HAN-1 and to case 1011. The raw lung
data was modified according to the adjustment factors described in TKBS-0011-5,

Attachment B. These adjustment factors were not discussed with NIOSH, but were applied as
they were set in TKBS-0011-5. The initial ppm of Am-241 was also not discussed with NIOSH.
They are not SEC issues for ORAUT-OTIB-0049, but should be included in any future
discussions from a site profile standpoint.
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The main interest is the decrease in lung counting over time, and not really the amount deposited
in the lung. The following graphs show a comparison of the cases with HAN-1 and case 1011.
The data from HAN-1 and case 1011 were adjusted downward, in order to be compared in the
same scale as cases 1004 and 1005. Therefore, an analysis of the following graphs should focus
only on the inclination of the curves and not in the actual quantities deposited in the lung. The
high-fired oxides of Pu are retained in the lung for a longer period of time than the other oxides.
The amount of Pu retained in the lung as a function of time should show a very slow decrease,
after the clearance of the more soluble compounds of Pu. According to ORAUT-OTIB-0049, the
two bounding cases in terms of retention of Pu in the lungs are HAN-1 and case 1011. Based on
the graphs shown below, the retention of Pu in the lungs of cases 1004 and 1005 were similar or
lower than the retention of Pu in the lung of HAN-1 and 1011 .
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Comparison 1005 with HAN-01 and 1011
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In conclusion, the analysis of the data files of the 25 workers involved in the 1965 RFP fire has
shown that the data from HAN-1 and case 1011 were correctly chosen to derive the adjustment
factors of ORAUT-OTIB-0049.
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ATTACHMENT 3: EVALUATION OF APPLICATION TO SPECIFIC RFP
CASES, INCLUDING UNMONITORED WORKERS, PRIOR TO THE
INTRODUCTION OF IN-VIVO COUNTING

(Scenarios based on a site expert’s experience at RFP)

Dr Robert Bistline, an RFP site expert, has provided SC&A with possible exposure scenarios for
RFP, based on real situations. These scenarios consist of exposures for which either no bioassay
exists, or the bioassays would not detect the deposited material. There were many fires at the
plant over the years, many of which, according to Dr. Bistline, occurred without record or
notification of the fire department or management. For this reason, some scenarios may include
unrecognized exposures to high-fired Pu oxides.

Dr. Bistline recalls that one of the major fires at the plant occurred in Building 71 in 1957, to
which numerous workers may have had some exposure during, immediately after, or even
months or years after the event, and may have been terminated or deceased prior to any bioassay
sampling. There was evidence that some of those that may have had such exposure and
continued to work at the site were picked up in later years on urine bioassays, and these cases
would benefit from the models proposed in ORAUT-OTIB-0049. There were some cases,
however, and one very notable one, where only one or two urine samples had been taken after
the event and before termination of employment several years later; no fecal bioassay was
conducted either. The urine samples showed nothing. By happenstance, the employee was
picked up in an RFP recall follow-up some 40 years later at over 90+ years of age. (It is not
clear whether there were other similar cases, but it is likely very few workers from that era were
still alive when the recall program was occurring). In this particular case, according to Dr.
Bistline, another RFP health physicist was reviewing individual health physics records and
happened to notice a small note that the person was involved in some type of event in Building
71 in the 1950s. Just out of suspicion, the individual was brought in for a one-time check, and
through a lung count, the individual was found to have one of the largest recorded lung
depositions of plutonium seen at the time.

Based on Dr Bistline’s suggested scenarios of exposure at RFP, SC&A has evaluated if dose
reconstructions may be accomplished using the procedures suggested by NIOSH. The exposure
scenarios included cancer in the main organs of deposition for Pu (lung, bone and liver) after a
reasonable time after exposure (latency time for the production of solid tumors). The main
uncertainties on these dose reconstructions were evaluated.

Scenario 1
Cases where individuals were exposed by inhalation to fire-produced Pu oxides
prior to the Lung Counter and no bioassays recorded (high-fired Pu treatment)

In this case, dose reconstruction is accomplished using ORAUT-OTIB-0038 intake rates, along
with the adjustment factors from ORAUT-OTIB-0049. There is no cross-referencing between
the ORAUT-OTIB-0049 and ORAUT-OTIB-0038 models, although it is understood that under
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ORAUT-OTIB-0049, all workers exposed or potentially exposed to plutonium are treated as if
they were exposed to the high-fired form.

Scenario 2
Cases where individuals were exposed by inhalation to fire produced Pu oxides
prior to the Lung Counter large lung depositions but below detection levels of urine
bioassay and individual died prior to the recall program or prior to recall
or
the individuals not identified for participation in the recall because of the insoluble
oxide in lungs not showing up in the urine (selection for recall was based on urine
bioassay levels until the mid-1990s and by then many deceased or lost to follow-up),
or
the individuals declined to participate in the recall program, thus no lung counts or
bioassays when insoluble material might start being detected and sensitivity was
better.

Dose reconstruction for scenario 2 is based on the missed dose concept and ORAUT-OTIB-
0049. In order to calculate the missed dose, the MDA or reporting level should be known.

In TKBS-0011-5, the reporting level and the MDA of the various methodologies used to
calculate the Pu content of urine samples are discussed. Summarized below are the various
methods described in the TKBS.

Reporting Level: 0.88 dpm/24h until 1961
0.20 dpm/24h from 1962—April 6" 1970
MDA:

1952-1961:

Carrier Precipitation: The Pu in the urine sample was carried into the precipitate with lanthanum
fluoride. The precipitate was dissolved, and the solution was evaporated on a planchet, which
was counted with a gas-flow proportional counter.

1961-1962:
Starting in December 13, 1961, an TTP extraction step was added to the carrier precipitation
method to improve the specificity of the process to isolate Pu.

1963-1978:

Ion Exchange Method: Pu-specific. Evaporation of analyte was gradually replaced by
electrodeposition on a stainless steel disk. About 1/3 of the samples were electrodeposited in 64
and '2 or more from 1967-1971.

Gross-alpha: 1952-1971
Until 1963-> in general credited to uranium
After 1964-> plutonium
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The MDA for Pu is assessed for the median and for the extreme condition for the blank, the
recovery, the volume factor and the alpha transmission factor individually and in combination.
A count time of 150 minutes is used for all assessments.

MDA in dpm/24h samples

Period MeQign Extlie_me One ex_tfeme Two e>_<t_reme Three gx_treme
Conditions conditions condition conditions conditions
1952-1953 0.57 5.0 0.76-1.3 1.3-22 2.2-3.7
1954-1962 0.51 4.5 0.68-1.2 1.1-2.0 2.0-3.4
1963 0.44 3.4 0.58-1.0 0.97-1.8 1.4-2.6
1964-1971 0.54 4.3 0.73-1.3 1.2-2.3 1.8-3.2

MDA for Gross Alpha (dpm/24h sample)

Period Med_ign Extr_e_me One ex_t_reme Two e>_<t_reme Three e_x_treme
Conditions conditions condition conditions conditions
1952 (U) 1.0 7.4 1.2-2.5 1.8-4.3 3.1-6.7
1953 (U) 0.88 6.2 0.98-2.1 1.5-3.6 2.6-5.6
1954-1959 (U) 0.79 5.6 0.88-1.9 14-3.2 2.4-5.1
1960-1962 (U ) 0.55 3.9 0.61-1.3 0.96-2.3 1.6-3.5
1963 (Pu) 0.55 5.0 0.86-1.3 1.2-2.3 2.1-3.5
1964-1971 (Pu) 0.69 6.3 0.98-1.6 1.5-2.8 2.6-4.4

Whether to use the median value of the MDA or the extreme value depends on the purpose. If
the purpose is to define a sample-specific conservative-bound parameter, the MDA for the
extreme conditions should be considered. In general, the recovery is the variable that had the
most influence on the sample-specific MDA. The use of the extreme condition for the recovery
gave the highest MDA for one extreme condition. The median recovery varied from 0.57 (1952—
1962) to 0.67 for 1963—1971. The extreme condition for recovery was 0.25 (1952-1962) and
0.28 (1963-1971).

The recoveries for 1952 to 1971 were determined by batch spikes. Experience has shown that a
significant variability of recovery can exist within a batch of samples. Therefore, the recovery of
a batch spike does not necessarily indicate the recovery of each sample in the batch (TKBS-
0011-5).

Scenario 2 was split into the following scenarios in order to better understand the problems
related to dose calculation.

Scenario 2a: Cancer of the lung 20-25 years after exposure.
— Worker submitted a single urine sample, one day after exposure and the result was

below detection limits. The incident happened in 1963, the year with the lowest MDA
for the median condition, 0.44dpm/d.
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— Incident recognized as due to fire and High Fire Oxide treatment should be used to
calculate the dose.

Scenario 2b: Cancer of the liver 20-25 years after exposure.

— Worker submitted a single urine sample, one day after exposure and the result was
below detection limits. The incident happened in 1963, the year with the lowest MDA
for the median condition, 0.44dpm/d.

— Incident recognized as due to fire. High Fire Oxide treatment should be applied to
calculate doses.

Scenario 2c: Cancer of the liver 20-25 years after exposure.

— Worker submitted several urine samples, during five years after exposure and the result
was always below detection limits. The incident happened in 1963, the year with the
lowest MDA for the median condition, 0.44dpm/d.

— Incident recognized as due to fire: Type S is applied during first five years and High Fire
Oxide treatment for the next 20y.

Scenario 2d: Cancer of the liver 20-25 years after exposure.

— Worker submitted several urine samples, during ten years after exposure and the result
was always below detection limits. The incident happened in 1963, the year with the
lowest MDA for the median condition, 0.44dpm/d.

— Incident recognized as due to fire. Type S is applied during first ten years and High Fire
Oxide treatment for the next 15y.

— This scenario has problems because in 1967-1973 the lung counter was being used for
monitoring.

Scenario 2e: Cancer of the liver 20-25 years after exposure.

— Worker submitted several urine samples, ten years after exposure and the result was
always below detection limits. The incident happened in 1952, and the reporting level of
0.88dpm/d was used for the urine excretion.

— Incident recognized as due to fire. Type S is applied during first ten years and high-fired
oxide treatment for the next 10y.

The dose calculation for these cases can be accomplished in a claimant favorable way, if a
reasonable MDA is used, as for example the MDA for the recovery extreme condition is
used. The uncertainties related to the MDA values are high. The feasibility of performing
dose reconstruction with sufficient accuracy includes the use of a reasonable MDA value.
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SC&A considers ¥z the MDA for the median conditions to not be sufficiently conservative
in this context; use of an MDA with at least one extreme condition is recommended.
Further discussion regarding the differences between reporting levels and MDA is also
important for those scenarios.

Scenario 3
Cases with individuals exposed to residual fire oxides from contamination events long
after the fires occurred and not recognized as involving high-fired material; therefore, the
contamination was assumed to be air oxidized, because this event did not involve a fire.
Bioassay would not see the fired fraction and prior to reasonable MDA of lung counter to
detect the uptake.

Scenario 3 was split into the following scenarios in order to better understand the problems
related to dose calculation.

Scenario 3a: Cancer of the lung 25 years after exposure

— Worker submitted a urine sample one day after exposure and the result was below
detection limits. The incident happened in 1963, the year with the lowest MDA for the
median condition, 0.44dpm/d.

— Incident not recognized as high-fired material involved.

Scenario 3b: Cancer of the liver 25 years after exposure.

— Worker submitted a urine sample one day after exposure and the result was below
detection limits. The incident happened in 1963, the year with the lowest MDA for the
median condition, 0.44dpm/d.

— Incident not recognized as high-fired material involved.

Scenario 3c: Cancer of the liver 25 years after exposure.

— Worker submitted a urine sample one day after exposure and the result was below
detection limits. The incident happened in 1963, the year with the lowest MDA, and the
MDA for the recovery extreme condition was applied (1.0 dpm/d).

— Incident not recognized as high-fired material involved.

Scenario 3d: Cancer of the lung 25 years after first exposure.
— Worker submitted urine samples for 10y and the results were below detection limits. The

first exposure occurred in 1954. The MDA for the median condition in the year of the
last sample was 0.44 dpm/d.
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— Exposure was not recognized as high-fired material involved.

— Dose reconstructions were accomplished assuming a continuous exposure during 10
years.

Scenario 3e: Cancer of the lung 25 years after first exposure.

— Worker submitted urine samples for 10 years and the results were below detection limits.
The first exposure occurred in 1954. The MDA for the recovery extreme condition in the
year of the last sample was 1 dpm/d.

— Exposure was not recognized as high-fired material involved.

— Dose reconstructions were accomplished assuming a continuous exposure during
10 years.

All those scenarios depend on the value of MDA that is used. The MDA values are a big
source of uncertainties in dose reconstruction. Dose calculations for scenarios 3d and 3e
may be based on the last measurement result and a continuous exposure for 10 years. The
dose calculated using this scenario will be very small. This is an extremely unfavorable
approach to calculate dose. A more claimant favorable and scientifically correct way is to
use all measurement results and to assume a continuous exposure between two
measurements within a year. The dose calculated using all monitoring results and
assuming a continuous exposure for a time period not longer than one year, leads to a dose
that is much higher than the one calculated using only the last monitoring result.

Conclusion:

Exposure to unrecognized fire-related Pu oxides is a problematic issue because of uncertainties
related to the combined use of ORAUT-OTIB-0038 and ORAUT-OTIB-0049, because of the
uncertainties related to the intake model of ORAUT-OTIB-0038 and because of uncertainties in
the value of the MDA. These uncertainties may be resolved if doses are calculated in a claimant
favorable way, i.e., applying the intake model from ORAUT-OTIB-0038 based on a percentile
equal to or higher than the 95" percentile, and an MDA based on the recovery extreme condition,
assumption of continuous exposure between two measurements within a limited period of time,
and a time period no longer than one year.
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ATTACHMENT 4: PETITIONER/WORKER INTERVIEW SUMMARY

Interviews were conducted with the 3 petitioners and 10 former RFP workers. Years represented
by those interviewed range from 1952 to site closure. Kathryn Robertson-DeMers conducted the
interviews from March 27-29, 2006, in Denver, Colorado. The purpose of these interviews was
to receive clarification on the RFP petition basis and the petition process, accounts of past
radiological control and personnel monitoring practices at RFP, and a better understanding of
how operations were conducted. Discussions with petitioners and/or former workers have
continued via telephone during the course of the RFP petition evaluation report review.
Interviewees were identified through the petitioners, the Advisory Board meeting in Denver,
former workers, and in working group sessions.

Those interviewed included petitioners, former RFP workers, and advocates assisting in the
follow-through of the petition. Those providing affidavits or comments at the Advisory Board
meeting in Denver were interviewed if clarification of the affidavits or comments was needed.
Former workers represented operations in Buildings 123, 371, 444, 707, 771, 774, 776, 777, 779,
881, and 883. Some individuals had access to all areas of the plant. The job categories for
former workers represented included the following:

Assembly/Disassembly

Clerk Packing

Experimental Operations

Field Engineering

Health Physicist Research Scientist
Machinist

Production Laboratory Analyst
Production Management

Quality Assurance Inspection
Radiation Monitors

Records Management
Subcontractors Supporting Engineering.

The information the petitioners and former workers provided to SC&A has been invaluable in
providing a better understanding of the RFP SEC petition and its basis. This is not a verbatim
discussion, but is a summary of information from multiple interviews with many individuals.
The information provided by the interviewees was based entirely on their personal experience at
the RFP. It is recognized that site expert and former RFP workers’ recollections and statements
may need to be further substantiated. However, they stand as critical operational feedback and
reality reference checks. These interview summaries are provided in that context. RFP site
expert input is similarly reflected in our discussion. With the preceding qualifications in mind,
this summary has contributed to issues raised in the SEC petition evaluation report.
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Petition Information

The petitioners found the SEC petition process to be rigid, with petitions needing to be filed in
accordance with the requirements outlined in 42 CFR Part 83, Procedures for Designating
Classes of Employees as Members of the Special Exposure Cohort Under the Energy Employees
Occupational Illness Compensation Program Act of 2000. The original petition was submitted
in February 2005. NIOSH assists the petitioners in filing an appropriate document for
qualification. After review of the original paperwork filed by the petitioners, NIOSH asked that
additional information in support of the petition be provided. As a result, the petitioners sent
approximately 500 pages of additional material to NIOSH. This represents an addendum to the
petition. Additional information can only be provided if it is requested by NIOSH. Any other
information provided is not accepted. The petitioner must respond in accordance with a specific
NIOSH procedure. The petitioners interviewed indicated that they believe that there is an
inconsistency between the EEOICPA requirements for the SEC petition and how NIOSH is
implementing the program. For example, there are rules associated with the evaluation of the
petition with 180 days. In their view, NIOSH has not clearly defined when the clock starts.

The interviewees found that records from RFP were shipped to the Denver Federal Records
Center (DFRC) and are not easily retrievable without authorization. The petitioners are not
aware of any situations where the site purposely falsified records related to occupational
exposure. There were procedures in place through time that resulted in zero dose assignments
under conditions where this may not have been appropriate. The petitioners are not aware of
specific instances of destruction of records, with the exception of the allegation regarding
radiological records disappearing from the T690 trailer that was made at the Denver Advisory
Board meeting. Records destruction was accomplished in compliance with the record
procedures of the time. Petitioners indicated that there are classified documents that would help
support the petition; however, the petitioners do not have access to these documents.

RFP is providing only those Medical and Health Physics records that have been specifically
requested by NIOSH. As a result, there have been several follow-up calls to site personnel
because of data gaps. One area where gaps have been observed is when an individual transfers
to a subcontractor and is reassigned a badge number. When individuals return to the prime
contractor, they are reassigned their original badge number. The individual who provided this
service for NIOSH is no longer working at RFP. There is no one knowledgeable left to address
follow-up questions related to dosimetry records.

The petitioners believe that there are too many variables associated with the detection of high-
fired oxide (HFO) to be able to assign a dose. There was a potential for exposure to HFOs from
routine processing. There were several production processes where temperatures were in the
800°C to 1,000°C ranges. The potential exposure to HFOs is not limited to the fires, but may
include any Pu handling process where high temperatures were involved.

Some of the interviewees believe that a coworker dose assignment is not appropriate for internal
exposure. The individual who receives an intake from a release of material is highly dependent
on the direction of airflow and where an individual is standing. For example, two workers
entered a contaminated area to perform some maintenance. They were dressed in plastics, a
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respirator, hoods, booties, and gloves. The PPE was taped to make sure the material would not
get up under the Anti-C’s. One individual was adjacent to the annular tank trying to fix the unit
and in the flow pattern of the material. The other was standing upwind from the airflow. The
first individual was grossly contaminated over his entire body. The second individual only had
contaminated shoes. There may be a person working directly in front of the glovebox during a
release and another working on the other side of the glovebox. If the airflow is towards the
second individual, he will likely receive a higher intake than the person immediately in front of
the glovebox. Internal dose potential should be tracked by work location and task.

General Information

The work at RFP provided jobs for the local community. There was an economic reliance on
jobs provided at RFP. In the early years of operation, individuals felt like they were doing their
patriotic duty in support of the cold war.

There was a unique working atmosphere at Rocky Flats. In the earlier days, individuals got
away with a great deal. There were a limited number of DOE facility representatives in the field
(e.g., 12 for the entire facility including administrative assistance.) A number of the former
workers recalled a hostile work environment at that time where individuals got in trouble when
unusual occurrences (e.g., smaller spills) occurred or when production was held up. This
resulted in a “don’t tell atmosphere.” There were times when personnel were disciplined for
bringing up safety concerns. If the trades and Decontamination and Decommissioning workers
brought up safety concerns, according to the former workers, they were transferred out of the
area.

The interviewees recalled that conditions were variable between exempt and nonexempt workers.
Exempt individuals did not receive training due to budget costs. The contractors, in some cases,
had hired uneducated personnel who were illiterate. These individuals were involved in fissile
material handling.

The former workers noted that during the transition from Rockwell to Kaiser Hill there were a
number of changes in management. At this time, employees were given ultimatums to become
direct report employees. In the case of engineers and scientists, comments like “engineers and
scientists are a dime a dozen” were made. This insinuated to the workers the company would
attempt to find other employees if the current employees did not comply. Procedures were also
under revision. This created a lot of confusion among the work force.

The interviewees noted increased requirements for procedures after the transition from an
operating facility to a remediation facility. Since procedures were not as developed in the earlier
years, the staff relied on the old-timers to inform them where problems existed.

After the Federal Bureau of Investigation raid, work packages were implemented. This slowed
down the work process. Some step-by-step procedures required workers to sign off after
particular steps.
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According to former workers, subcontractors were not always aware of the hazards they were
exposed to and did not have a general knowledge of how to treat this material. There was a
double standard between RFP employees and subcontractors. Employees were, in general,
suspicious of subcontractors and would not assist them in later years. In general, subcontractors
did not receive medical monitoring as plant employees did, and they felt their monitoring
program was not equivalent to plant employees.

Operations

The early designations for the facilities were Plants A, B, C, and D. These designations
translated into the following.

Plant A Depleted Uranium Facility (Building 444)

Plant B Enriched Uranium Facility (Buildings 881 and 883)

Plant C Plutonium Processing Facilities

Plant D Assembly/Disassembly & Shipping and Receiving (Building 991)

Although RFP was primarily responsible for the manufacturing of pits, they were also involved
in assembly and disassembly of weapons. This was originally done in Building 991 but later
moved to the plutonium area, and continued until the shutdown of plutonium operations. RFP
worked on other components as a part of their retrofit responsibilities. Plutonium recovered
from disassembly of the site returns was reprocessed for use in other pits.

There were a number of non-routine or special operations that occurred at RFP that involved
radionuclides other than uranium and plutonium. There were potentials for occupational
exposure to tritium (gas, HTO and others), Sr-90, U-233, Po-210, Np-237, Am-241, Cm-244,
and Pu-236. Several radiography sources were used at RFP for Non-Destructive Testing (NDT)
including Cs-137, Sr-90, and portable iridium sources for x-raying welds. Uranium-233
processing at RFP was conducted intermittently from 1965-1982. Operations involving U-233
included metal processing, component manufacturing, material recovery, and waste handling.
Handling of this material was also associated with the Zero Power Plutonium Reactor project
that resulted in a number of high radiation exposures. Through the molten salt extraction
(MSE) process in 776 and 779 americium and plutonium were separated. The plutonium was
made into buttons and the americium salts became waste. As a part of the process, AmO had to
be heated to temperatures in excess of 600°C. This was done on a production scale in 776 and
779 until 1989 when plutonium operations were shut down. There were experimental MSE and
electrorefining processes done Building 779. Line 1 in Building 771 was used from the 1960s to
the 1980s to produce americium for commercial use. Curium, neptunium, and polonium were
used as tracers for the purpose of testing components and were handled in small quantities. RPF
also accepted material from the United Kingdom.

Tritium activities occurred in multiple buildings onsite inclusive of Buildings 371, 561, 707, 774,
776/777, 779, and 881. It was introduced on the site as a contaminant of returned components.
Pits were returned to RFP that involved tritium. Components associated with tritium were
shipped from Lawrence Livermore National Laboratory (LLNL) and Los Alamos National
Laboratory. Shipping procedures required that no more than 10 mCi of tritium be shipped onsite
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in a particular shipment. Although there was a limit on the tritium received, there were issues
with tritium contamination spread in the area due to the diffusion of tritium. Since RFP was an
alpha plant, it was difficult to reorient the workforce to the handling of trittum. There were two
environmental releases of tritium. In the early 1970s, RFP received tritium contaminated
material from LLNL. When working with the component, the tritium got away and was released
to the environment. There was a release from the Special Assembly area in Building 777.
Tritium was also a waste issue rather than a processing issue. Workers were told to flush their
system with beer.

According to former workers, site returns were up to 20 years old. It was not unusual to see dose
rates on these returns ranging from 1-13 R/hour. The site returns came into Building 776. A
lathe was used to cut the pit for disassembly. As storage space became limited, carts with
components were lined up along the hallway. This created dose rates from 100-200 mR/hour.
The carts used for storage had boxes for shielding with a hole in the front. The older parts were
of the type that had a directed beam.

Plutonium hydride operations occurred in Building 779, Room 154. This material was very
flammable when it was exposed to the atmosphere. The plutonium was put into a chamber and
hydrogen gas was added to form a hydride. The material was eventually changed to plutonium
oxide. The particle size for this material was as small as 0.1 micron. The particle size rating for
the respirators was 0.3 micron. The interviewees noted that Building 771 was declared by the
DOE as the hottest building in the nation. And they declared the hydride-processing laboratory
the most dangerous room within that building. Individuals did not want to enter the area.

Process specialists collected samples that had to be analyzed in the production laboratory for
purity. Originally, each building operated independently of one another and had their own
laboratory. This allowed for quick turnaround of samples. Individual laboratories were phased
out after the termination of production activities and the analytical work was centralized in
559/561 Building. This significantly affected the efficiency of the laboratory. Laboratory
analyses were conducted only on those radionuclides for which customers had requested data as
a result of the workload. The analyses primarily involved the determination of plutonium and
americium content, as well as other elements for which specifications were defined.

Storage space at RFP was at a premium, so makeshift storage areas were often observed by
workers. There were three underground tunnels that were used for finished product storage and
returns storage. Paducah ingots were stored in the uranium area.

Former workers noted that the Air Force and the Atomic Energy Commission brought military
personnel to RFP to teach them how to assemble weapons on the way to the target. They had
ownership of one-half of Building 991. This project had limited access. Maintenance was only
allowed in this area as needed.

External Dosimetry

According to workers interviewed, the dosimetry program in the earlier years was felt to be more
of'a go/no go system with the emphasis on making sure employees did not exceed the regulatory
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limits of the time. Over time there were changes in the procedures for dosimeter assignment.
Up until 1958, most exposed workers were not monitored for neutrons. In fact from 1952
through 1957, only 18 persons were monitored for neutrons and these were final assembly types
of workers, when in fact, it was found that the most neutron-exposed workers were those
working in the fluorination process area. A scientist from Los Alamos brought a newly invented
neutron detector sphere up to Rocky Flats and found this problem in mid-1957. Exchange
frequencies were as frequently as daily for special projects. Typical exchange periods were
biweekly, monthly, quarterly, and annually. Individuals routinely working in production areas
were on a monthly to bimonthly exchange cycle.

Neutron dosimeters had a metal clip so that the individual could clip the dosimeter to the collar
or pocket of their anti-contamination clothing (Anti-C’s). Some individuals wore them on
lanyards. The design allowed dosimeters to fall away from the body when an individual bent
forward. In some cases, the dosimeter would accidentally turn around.

The former workers pointed out that in the earlier years, there was real pressure for production
and the external dosimetry group was very understaffed. The job of hand reading the dosimeters
with the densitometers and doing all the conversions and calculations by hand was
overwhelming, because this was before the days of calculators and computers. In addition, the
reading of neutron films began in 1957 and production wanted readings every 2 weeks. These
had to be hand read and counted neutron tracks using a microscope. The resulting flood of
neutron films on top of the gamma readings totally overwhelmed the 3 workers in the external
dosimetry laboratory. The interviewees noted that things were pretty sloppy before a new health
physicist arrived and was able to get dosimetry under better control about 1967 or 1968.

Each badge was assigned to a coded area. During the period of time when all badges were not
read, the technician would make the judgment whether to read the badge based on the coded
area. There was no way for them to identify individuals who entered plutonium areas during the
badge cycles. It took the Personnel Meters Technicians about 10 minutes to read each neutron
badge received into the processing laboratory. They only had a set amount of time to read
badges because of the volume they received. The Personnel Meters Technicians were not
responsible for conducting dosimetry investigations in situations where badges were damaged.
This was the responsibility of supervision. Damaged badges were noted on the log sheets
maintained by technicians. By procedure, doses less than the minimum detectable dose were
recorded as zero once this value was established. When a technician recorded “no data
available” in the record, this indicated that the badge was not read.

There was not a routine problem with individuals turning in dosimeters late. Dosimeters were
turned in late when a person was on vacation, out ill, or on a trip, but it was not a routine
problem. When an individual did not turn in a dosimeter on time, a letter was issued to the
employee and a copy was put in their dosimetry file. In the early days, the follow-up to get the
dosimeters in was not always done and it appeared that some kept them until the next exchange.
These were usually evaluated to see if the data were consistent with two periods of exposure or if
a dose reconstruction or assigned dose needed to take place. The interviewees noted that if one
looks in the records, there are holes in the data where badges were not turned in, and it was
assumed that the badge was worn through another exchange period before turning in. There
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were times when badges were changed out while an individual was in the work area. There were
times (in more current years) when the dosimeter badges were not turned in and dose
reconstruction had to be performed. One method of assigning dose was to use coworker values.

Lead aprons were used in specific areas of the facility where dose rates were high. They were
available to workers as far back as the 1950s. Aprons were worn in areas with particularly high
gamma dose rates (e.g., assembly/disassembly, the hydrofluorination area, and the americium
line). With greater neutron emissions, more stringent handling of the material was required.
There were procedures related to high neutron emission material such as transportation
requirements and requirements to wear lead aprons in some cases. Initially the lead aprons were
similar to a butcher’s apron with the sides unprotected by the apron. In the assembly/
disassembly areas, the individual may be carrying a pit under their arm where there was not
coverage. The aprons were difficult to work in because of the weight. As a result many of the
aprons were cut off at the bottom to reduce weight. Later a wraparound apron was implemented.
Eventually the aprons were used to cover up pits on carts that had no shields. Most site experts
recall wearing film badges under the lead aprons. The only effective neutron shielding was in
the storage areas using Benelex, plexiglass, and/or Lexan. On some glove boxes plexiglass and
Benelex shielding were used beginning in the late 1960s. Some vaults had thick walls of
concrete, which also served as neutron shielding.

There were geometry issues associated with exposure in the field due to the design of the
building. The rooms were designed with multiple rows of gloveboxes. An individual could be
facing one glovebox line and have his/her back to another. Exposure from the glovebox behind
the individual may result in more exposure to the body than the one directly in from of the
individual. There was not a lot of space between the gloveboxes. The exposure levels were
material dependent.

Secondary dosimetry such as pocket ionization chambers was used on special jobs where there
were expected high gamma readings. The NDT group in particular used secondary dosimetry.
When the chirpers made too much noise, the workers were spooked. The use of chirpers was
discontinued about 20 years ago. Although extremity dosimetry was available, it was assigned to
a limited number of personnel. There was a period of time when Radiation Monitors were not
provided wrist badges although they were performing surveys on components.

Workers could receive up to 5 rem in a year without regard for the period of time over which it
was received. For example, an individual could receive 5 rem dose in December of one year,
and be allowed to received 5 rem dose in January of the next year. When individuals received
external exposure in excess of the limit, they were sent to Building 774, the slow recycling area
of Building 771, or the 903 Pad.

In general, the individuals interviewed were always assigned a dosimeter so they would not be
able to tell if zeros were recorded when individuals were not badged. There were exceptions.
Many of the petitioners and site experts interviewed were included in the Neutron Dose
Reconstruction Project. In general, additional neutron dose was added to their initial neutron
readings.
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It was reported by former workers that individuals would manipulate their badge results to get
the work assignment they wanted. Individuals working with plutonium and americium received
hot pay so it was in their best financial interest to minimize their exposure. Conversely, if
individuals didn’t want to work in a particularly hot area, they would put the dosimeter on the
glovebox, so they would burn out. If individuals took their badges off prior to entering an area,
they were not likely to be caught. There was also horseplay in the radiological area. For
example, workers would remove the coveralls of their fellow workers while they were in the
controlled area.

Internal Exposure

As emphasized by former workers interviewed, one of the bases for the petition is the existence
of HFO in the work environment. Workers are concerned about the formation of high-fired
plutonium oxide during more routine processes and occurrences such as smaller fires, high
temperature process steps, and incineration. There is no way to distinguish between high-fired
plutonium oxide and more recent intakes of more soluble forms of plutonium. If an individual
had an intake of both and had not been removed from plutonium work, you would not know
whether positive bioassay results indicated a current uptake or a historical uptake.

There was a potential for the formation of high-fired uranium oxides at Rocky Flats. The
process for fabricating uranium components was similar to that used for plutonium. There was a
hydride process requiring heating of this material to very high temperatures. As with plutonium
hydride, uranium would burn when it came in contact with oxygen sources. Fires were common
when working with uranium. The incident list provided in the petition lists the various uranium
fires.

Former workers recalled that routine lung counting was started in the late 1960s and involved
trying to count workers in plutonium areas on an annual schedule, including anyone having
known burdens above /2 maximum permissible body burden (MPBB) or 1 MPLB on a quarterly
schedule (even if they did not work in plutonium areas any longer). Baseline counts were not
complete on existing workers, but there was a policy of counting all terminations if they had
worked in any production areas. Because lung counting was new and none of the workers had
been counted before, it took awhile to get caught up and into a regular schedule. Therefore,
some did not get counted annually at first. Counts as a result of an incident took priority over
routine counts. When an individual reached 50% of a body burden or 100% of a lung burden,
they were placed on work restriction and removed from hot work.

The in vivo counter was in operation until the last three months of the contract. In more recent
times, in-vivo counting has been optional. Not all employees leaving the facility were required
to submit a termination bioassay or receive a termination in vivo count. There was a period of
three years when they discontinued lung counts following the Chernobyl accident.

According to former workers interviewed, eight of the 25 original high-fired cases in the 1965
fire received Ca-DTPA (Calicium-Diethylenetriamene pentaacetate). Three of them received
1g/day doses for 5 days and 5 received 1g/day doses for 4 days. At that point, it was evident that
the DTPA was totally ineffective in treating the individuals and no more treatments were given.
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Earlier experiences with inhalations of Pu-oxides and attempts to treat (flush the body again)
with DTPA several years later proved to be quite ineffective. First, DTPA is very ineffective
with Pu-oxide inhalations, and, second, treatments several years later with all chemical forms of
plutonium only increase the urine output a fairly small amount and for a very short time (weeks
to a couple of months at most). The plutonium in the lungs is not accessible to the DTPA and in
the other organs is too tightly bound. There was some success getting plutonium out of the lungs
using a lung lavage of DTPA a couple of days after the intake when macrophage activity was at
its optimum within the lungs.

The recall program identified those individuals that had terminated or retired having, to the best
of RFP staff’s knowledge, body burdens and/or lung burdens that would give a dose of 20 rem or
greater. The individuals invited to participate were determined in 1980 by going through all the
old individual health physics records filed away in file cabinets in cargo containers. This was
prior to the implementation of Committed Effective Dose Equivalent. In about 1993, when
Public Law 102-484, under the 1993 congressional appropriations for DOE, was passed, DOE
Headquarters contacted RFP staff asking them to come to Washington, DC. Congress asked
RFP to expand the program to include all persons in the recall program with known external
doses equal to or greater than 20 rem. Dosimetry staff raised concerns regarding the issue of
unmonitored workers and poor neutron doses up to about 1970. Staff began reviewing old files
for situations where individuals were involved in incidents that were not properly monitored or
where incidents went undocumented. These groups were then included in the recall program,
and the Neutron Dose Reconstruction Program was initiated. Initially, the program was
contractor funded. Later the work was contracted with Oak Ridge Institute of Science and
Education (ORISE) for completion. The records are maintained by ORISE. During the recall
evaluations, individuals without measurable plutonium in urine or in vivo counts when they left
the site were found to have detectable plutonium.

There have been somewhere around 120 individuals that were autopsied or whole-body
donations under the United States Transuranium and Uranium Registry program and several
more gave tissue at times of surgical procedures. Original autopsy records maintained by RFP
were transferred to the Federal Center in Lakewood, Colorado. Individual files for most of the
cases were copied and forwarded to the United States Transuranic Registry in the 1990s. They
also have independent autopsy data that was not shared with the plant. The radiation exposure
records, urine analysis, lung counts, wound count data, and any recall follow-up records will be
at the Federal Center, or some recall data may be at ORISE.

RFP started using some special fecal sampling in the 1970s when there was an incident where a

potential uptake may have occurred. This was made a routine procedure for potential uptakes in
the 1980s and continued to the end of the plant in 2005. There was no method developed for the
evaluation of curium and neptunium in urine.

RFP did not develop new models other than those that already existed to calculate internal doses
received at RFP. There was a computer code written that modified the Langham Equation for
calculating body burden estimates from urine data. This was code to calculate the body burden
based on multiple exposures over years which basically averaged the contributions from previous
exposures and subtracted that contribution from the data for the new urine data and recalculated

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
Health for factual accuracy or applicability within the requirements of 42 CFR 82.



Effective Date: Revision No. [Document No. Page No.
April 27, 2007 0 — Draft SCA-SEC-TASKS5-0052, Volume 2 74 of 537

the total body burden summing up all the separate body burden calculations. In about the late
1980s, a short explanation/documentation of this was written.

In the earlier days, it was rare to collect nasal and mouth smears unless there was indication of
facial or hair contamination. If the person was able to decontaminate themselves within three
tries they were sent back to work. There were situations where individuals had detectable nasal
smear count above the trigger level where the urine showed no activity.

Several site experts interviewed indicated they had positive body burdens. According to them,
there are former Rocky Flats workers with measurable burdens at other DOE complex sites (e.g.,
Los Alamos, Savannah River, LLNL, Hanford, Idaho Falls, Nevada Test Site). Whether these

facilities re-evaluated the doses from former RFP personnel with uptakes is unknown.
Radiological Control Practices

There were few Radiation Monitors available to cover activities in the plutonium buildings. For
example, one Radiation Monitor indicated that there was a period of time when he was the only
monitor in Building 771. Radiation Monitors worked on the telephone dispatch principle. They
were called in for coverage by operations when they were needed. There are several safety
concerns regarding lack of technician coverage and not wearing appropriate respiratory
protection for a job.

There were situations where individuals such as administrative workers were not expected to
receive exposure but actually did. The placement of service areas (e.g., cafeteria, security posts,
health physics offices) was on the other side of the wall from glove boxes used for production
processes. For example, the cafeteria in Building 771 was located on the other side of the wall
from the hydrofluorination area. This created low dose rates in the service areas as there was not
sufficient shielding. The individuals in these areas were not monitored for some periods of time.
It was later found that there were measurable dose rates in these areas. Outside areas such as the
area around the Ponds were identified as having elevated radiation readings.

Exposure of non-production workers to contamination was also an issue. The cafeteria was
surveyed on a daily basis and offices on a weekly basis. The cafeteria and office areas in
Building 771 were contaminated many times, particularly the cafeteria. Cafeterias, locker rooms
and offices in other buildings (i.e., 444, 707, 750, 776/777, 779, 881, and 883) were often found
contaminated. In one serious incident, a secretary in Building 771 became highly contaminated
and had to be extensively decontaminated when she inadvertently opened a contaminated file
cabinet. An individual from production had brought a source from the line into the cold area for
storage in the file cabinet. As a result of this event she received an uptake resulting in a positive
body burden. A number of outdoor areas were contaminated with alpha activity.

771 Hillside

Barrel storage area

771 Outdoor tank area

Asphault in from of 771 and 774 Building

Central Avenue from the 903 Pad down 771 Avenue to 771 Building

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
Health for factual accuracy or applicability within the requirements of 42 CFR 82.



Effective Date: Revision No. [Document No. Page No.
April 27, 2007 0 — Draft SCA-SEC-TASKS5-0052, Volume 2 75 of 537

e 444 Building coffin area

e 776 dock area and the road running down past the dock area (contaminated during the
1969 fire)

e 776 Building rear portion including the bottle dock, compressor room, and asphalt
area (contaminated during the 1965 fire)

e 776 Building roof (contaminated during the 1969 fire)

It was emphasized that the 776 Building areas mentioned above were highly contaminated. The
1965 fire also resulted in contamination of a guard vehicle, the ambulance, the fire truck, and
many personnel. There was a turnings/oil-burning pit on the east side of the plant that was used
for the burning of uranium contaminated lathe coolants. A barrel of contaminated lathe coolant
from the plutonium area was inadvertently burned in this pit. These are only a few of the major
contamination incidents occurring in areas outside of process buildings.

Particle size samples were interconnected to the Selective Alpha Air Monitors (SAAMs) or
Continuous Air Monitors (CAMS) so when an alarm occurred, the particle size sampler would
collect a sample. There was a requirement in the radiological control procedures to pull these
samples. The filters were stored in the health physics office B-box, but were not collected for
analysis and they built up over time. According to Radiation Monitors, these samples were not
submitted for analysis. Samples from the hydride lab were found to be less than 0.3 microns,
some as small as 0.1 microns, as measured by a filtered particle size impactor. This was of
particular concern to Radiation Monitors, production personnel, and building Health Physicists
because contamination was often found on respirator filters, routine air sample filters, SAAM
filters, and the room exhaust filters. Although the filters were found to be contaminated, it was
at times not evident anywhere else in the room or on personnel. This information never seemed
to be raised to the level where action was taken to mitigate the situation. There was no formal
report on particle size issues related to these samples to the knowledge of those interviewed.

The plutonium contamination was easily dispersible because of the rapid transition of plutonium
into an oxide. Alpha particles were released from various plutonium sources, liquid and dry. At
times, plutonium was found on the air filter, but Radiation Monitors could not identify the
contamination source. Initial airflow tests for placement of air samplers were done using smoke
bombs. The direction was made by upper level health physics that this was to be discontinued.
Radiation Monitors and building foreman questioned this decision as they felt these smoke bomb
tests were very effective.  Air samplers were usually positioned at the air ducts rather than at the
workers breathing zone, which made air-sampling data not representative of what workers were
breathing.

Initially, every major building had its own laundry facility. The laundry was centralized in the
1960s to Building 778 and Building 881. The Building 881 facility was shut down in the mid-to-
late 1970s. When the laundry facility was demolished in the 1970s the duct system and areas
under equipment were found highly contaminated with uranium. The laundry personnel did not
routinely wear respiratory protection and were not monitored for contamination upon exit from
the area including at the end of the shift. They were required to transfer clothing in baskets for
transportation to the laundry facility. They were not wearing respiratory protection when they
were working with contaminated laundry. The soil outside some laundry facilities was
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contaminated when water ran out the door. The company tried to remediate the area, but they
were unsuccessful.

According to former workers, there were issues associated with contamination control,
particularly in the areas that handled uranium and beryllium. The ventilation in these areas was
poor compared to that of the plutonium facilities. The break room had removable contamination.
At one point the worker’s lunch boxes were found to be contaminated. There were issues with
badges getting contaminated.

The site used half-face respiratory protection. Half-mask respirators were used for emergency
purposes including spills, CAM and SAAM alarms, and fire alarms. They were also used for
bag cuts, decontamination, maintenance, and other routine contaminated operations until the
1980s when full-face respirators replaced them. The half-mask respirators were routinely worn
around the neck or put in the pocket of the coveralls. Full-face respirators were carried in
pouches. The half-mask respirators were reused repeatedly. There was no requirement for
routine monitoring of these respirators. During the D&D era, RFP went to a single-use policy.
In the uranium areas, although respiratory protection was required for certain tasks, workers
would not always wear them unless a Radiation Monitor enforced the policy.

The plutonium area was contained in the Perimeter Security Zone. A number of postings were
used at RFP to indicate hazards in the area including radiological postings. Radiation, high
radiation, and very high radiation areas were found at RFP. Radiation Monitors do not recollect
being required to post surveys adjacent to the area or provide dose rate information on postings.
Radioactive items were labeled with appropriate tags or stickers. Locked areas such as vaults
were not posted all of the time. Respiratory protection required postings were used to indicate
when a respirator was required to enter the area. Several site experts indicated when tour groups
came through the areas, the Radiation Monitors were asked to remove the Contamination Area
and Respiratory Protection required sign prior to and during the duration of the tour. Once the
group left, the area was reposted.

During interviews, several areas within the plant were identified as having neutron dose rates.
These processes included plutonium reduction, dissolution of pink cake, the fluorination process
including in the MSE process, enriched uranium areas, and the fluorination process. Various
survey instruments were used for radiation surveys. Originally, sample locations were
determined based on the discretion of the Radiation Monitor. Later, the survey locations were
numbers on a survey map, and these locations were determined by supervision. The former
Radiation Monitors indicated that these areas generally had less contamination and lower dose
rates than areas where employees worked. Radiation Monitors emphasized that their job
required them to be side by side with the operations and maintenance personnel. The process of
bagging material out of a glovebox line and maintenance personnel resulted in a large amount of
their exposure. In other cases, radiation areas were discovered in places where they were not
expected for example in outside areas.

The site relied heavily on the engineering controls in place to protect the worker. There were
situations where the engineering controls failed (e.g., hole in the glove, air reversals, etc.)
Although this was not a routine occurrence, air reversals were obvious to workers since the
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gloves would be pushed out of the glovebox. The pressure was significant when this occurred.
The uranium areas used B-boxes (similar to fume hoods), rather than gloveboxes.

The former workers indicated that the atmosphere at Rocky Flats was such that incidents were
not always reported. This included production workers informing health physics of occurrences.
Operations simply cleaned up spills and continued with their work. If these smaller incidents
were documented, it is possible that the only place they were recorded was in the contamination
control, foreman, and/or shift manager’s logbooks. Another source of potential information on
spills is the sample receipt logbook at the lab. When a spill occurred, a sample was sent for
analysis to the process lab. If potential uptakes were not communicated to health physics, they
could not require special bioassay to verify intakes had not occurred. In the later years, the site
implemented Fact Finding meetings. Initially, the workers found this productive. After some
time these meetings turned into a blaming session. People would hide things. No one wanted to
make a mistake because they might be fired.

According to former workers interviewed, when individuals brought up safety concerns, they
were threatened with retribution, disciplinary action, or in some cases retaliated against. If the
trades and Decontamination and Decommissioning workers brought up safety concerns, they
were transferred out of the area. During the first Occupational Safety and Health Administration
inspection at RFP, operations in the beryllium buildings were shut down. He was disciplined for
stopping operations.

Records/Information

There were multiple sources of incident information maintained by the site. These included
Radiation Accident Reports, Occurrence Reporting, Shift Superintendent daily reports, etc.
Incidents specifically mentioned by site experts included the major incidents such as the 1957
fire, the 1965 fire, and 1969 fire. Other occurrences mentioned included situations resulting in
abnormal badge readings, examples of which follow:

e The employee was working around the annular tanks. There was a 10-minute stay time
for this job. No dose was recorded.

e Another employee accidentally ran his dosimeter through an x-ray machine. The results
for that dosimeter came back as zero.

e Certain high dose projects would result in film badges that were reported as black. The
employees involved indicated that their dose was reported as zero.

e Facility management did not follow basic conduct of operations protocol and believe
their field indicators.

The petition provided a listing of incidents occurring at Rocky Flats from 1952 to 2002.

According to one dosimetry technician, there was a period of time when the dose of record was
being adjusted downward without appropriate rationale. The Chemical Operators located in high
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dose-rate areas, such as on the Americium line in Building 771, were on a 2-week NTA badge
exchange cycle. Badges came into dosimetry processing and were read by a dosimetry
technician. If the dosimeter was unusually high, each of the technicians read the film
independently to ensure the reading was correct. Some of these films read in the Rem range for
a 2-week period. The foreman told the dosimetry technicians that the results could not possibly
be correct and that doses were adjusted to a lower value (not always zero).

The former workers noted issues associated with the reporting of zeros when dosimeters had
what dosimetry felt were an anomalous reading. For example, one individual had a high
penetrating dose. Six months later, dosimetry did an investigation and determined that
coworkers did not receive dose. As a result of the investigation, a zero dose was assigned.
Individuals do not clearly remember where they worked and who their coworkers were six
months after the fact. In accordance with Conduct of Operations, you should trust the indicators
and error on the conservative side. For example, you do not ignore a CAM when it alarms just
because you think it is a false alarm. It was the interviewee’s belief that in terms of dosimetry,
the dose obtained on the badge should be considered accurate unless proven otherwise.
Coworker dose should not be used to disprove high dosimeter results due to the nature of the
field conditions. There were times when building health physics supervision would lower
dosimetry reading on the supervisors reports so that personnel would be allowed to continue to
work in the process areas.

A Radiation Monitor was covering Building 779 and Building 707 supporting Research and
Development projects (i.e., MSE Project, Electro Refining (ER) Project, etc.) and Foundry
Operations (i.e., machining, inspection, testing, non-destructive testing, assembly, disassembly,
etc.) For the MSE and ER Projects, this individual was assigned special badges including an
extra whole-body dosimeter, wrist dosimetry, and finger rings. The dose of record for this time
period was recorded as zero or as a small value. At this period of time some of the bag cuts for
waste in the line were routinely running 1-8 R/hour. Names, dates, body exposures, and wrist
exposures were recorded in the 779 logbook. These values do not agree with those reported by
dosimetry.

One possible explanation for missing dosimetry data in 1969 is that the badges were disposed of
due to contamination. An individual who participated in the decontamination efforts indicated
that if protective clothing was sometimes so contaminated, it was removed badge and all and
disposed of as Radioactive Waste. Three former Radiation Monitors involved in monitoring
activities at the fire indicated that they discharged badges themselves.

There were several situations relayed in addition to those listed above, which indicate that
individuals were working hot jobs and dosimeter results showed up as zero. There were also
situations where individuals had black film badges or a “no data available” recorded on periodic
reports.

Job titles do not always indicate the time spent in the process areas. For example, there were
various types of engineers employed at RFP. Some engineers were primarily located in offices
whereas field engineers were required to enter radiological areas on a routine basis. One of the
responsibilities of field engineers was to understand and appropriately label process lines, which
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were not always adequately identified on drawings. Field Engineers had to go into the field and
flow the lines to make sure they were appropriately reflected and labeled. This took them into
normally unoccupied areas that may or may not have been monitored for radiation. Because
many of the lines were considered to be cold, initially Radiation Protection Technician (RPT)
coverage was not provided. As lines were identified as mislabeled and potentially contaminated
with radioactive material, RPT coverage was implemented.

Audits and Assessments

Audit and assessment information was documented in the petition. The petitioners are not aware
of other audits that may support the basis for their petition.

The Tiger Team looked at some of the dosimetry issues when they visited RFP. The team of
evaluators included persons out of Headquarters and other sites. There were assessments of the
program in conjunction with some of the investigations into incidents and accidents that occurred
at the plant. There were a couple of audits of Occupational Medicine and Radiation Protection in
the 1970s and 1980s by several persons out of Headquarters. The location of the audit reports is
unknown.

Safety Concerns

There was a safety concern filed by two Radiation Monitors. The individuals were working with
a group of operators in the dirty fluoride area. There were high gamma and neutron dose rates in
this area. As a result of the dose rates, there was a limited entry time into the area of four hours.
For this job, the individuals were assigned supplemental dosimetry including wrist, extra whole-
body badges, and rings. The Radiation Monitors asked to see the dosimetry results from the job.
The results for the special badges were allegedly scratched out and replaced with zeros. During
the safety committee meeting, Dosimetry staff stated that the badging system was worthless.
This safety concern has been requested from DOE and is supposed to be provided early this
week.

Unauthorized Practices

There were several unauthorized work practices identified during interviews. These
unauthorized practices included:

e Eating in radiation control areas, although eating in the uranium area was allowed
e Not using respiratory protection when required

e De-posting airborne areas for tours

e Manipulation of dosimetry

e Performing jobs without Radiation Monitor coverage.

If documented, unauthorized practices would be noted in the contamination control logbooks.
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* While considered by former workers to be representative of the historic radiological
practices at the plant, they believe that this summary only scratches the surface of the

exposure problems encountered at Rocky Flats.
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ATTACHMENT 5: INCIDENT, FIELD MEASUREMENT, AND BADGE
DESTRUCTION LOGBOOK ENTRIES

Logbook 10/1/57 — 8/26/60 (Kittinger 1957)

1-20-58: Page 13 — Destroyed both exchange and permanent badges of [Name] [Badge
Number], notified [Name] of security of intent. He asked for no formal notification of destroyer.
I asked guard [Name] to witness, which he did at 9:10 a.m. Badges were cut into small pieces
and placed in the hot waste can.

1-31-58: Page 15 — [Name] called to check an assignment of monitors to maintenance jobs. He
felt [Name] assignment was unnecessary — but main gripe is with maintenance who insist on
monitor coverage, I told him 81 pm monitor could give some degree of coverage, but might in
some cases be unavailable. I also told [Name] that cleanup of equipment had never been
thorough enough to declare the maintenance job needed no precautionary measures.

11-18-58: Page 53 — [Name] exchange badge found “hot” (visitor).
11-19-58: Page 53 — Visitor badge # 3 found hot. Both badges destroyed with [Name]
permission by [Name] with [Name] in attendance. Asked [Name] to check pm men’s badges, he

found 4 > 250 which were taken from the rack.

11-19-58: Page 53 — Asked [Name] to check all badges in the racks during his shift, he found 19
all from 81 >250. Guards sent these down to H.P.

11-20-58: Page 53 — 5 badges of 19 unable to completely decontam. Got [Name] permission to
destroy. Letter written for [Name] sign, concerning destroying of 11 exchange badges described

above safety meeting- 81 H.P.

1-31-59: Page 64 — [Name] Badge (permanent F-26) was destroyed because of contamination
level.

2-11-59: Page 65 — Destroyed 81...badge for [Name].
2-12-59: Page 65 — Destroyed [Name] permanent badge
4-10-59: Page 74 — Destroyed contamination exchange badge- [Name].

9-9-59: Page 101 — Badges found hot and destroyed:

[Name] 319-123 Perm & Exch.
[Name] 319-139 Perm & Exch
[Name] 181-268 Perm & Exch

Guard [Name] witnessed the badge destruction.
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10-12-59: Page 104 — [Name] started 3" shift today — to last only this wk. [Name] checked all
exchanged badges in the clockroom on the 3" shift — found 34 to be contam.

10-13-59: Page 104 — [Name] informed of the large number of badges that were found contam.
He agreed to try to work toward a different badging system that would not require personnel to
wear them in the area. He asked that [Name] be notified and his assistance enlisted to get
Security to adopt a new system. I contacted [Name] with [Name] approval. [Name] is
somewhat interested in the possibility of a film badge type substitution.

10-14-59: Page 105 — Consulted [Name] and [Name] about destru of contam badges. [Name]
took down ... telephone the entire list — both exchange and perm badges were requested — and
agreed to make-up new badges before...old were destroyed. [Name] agreed to turn over all of
the old badges to ... for destruction.

10-26-59: Page 107 — Perm. Badge of [Name] destroyed.
11-9-59: Page 108 — New exchange badge system instituted — perm badge not worn in ....
3-29-60: Page 130 — Began study of 235 air contam. problem

6-14-60: Page 141 — Conferred with [Name] at his request concerning plant for facilities to
handle chem. processing of normal U. Recommended ventil. about such as is used for Oy.

RFP Logbook 1962 Logbook Special Samples (RFP 1962)

This logbook involves special samples taken at the RFETS Mountain View Center and contains
sampling results (often in ¢/m) at location numbers that run chronologically (i.e., S-60, S-61, S-
62, S-63, S-64 etc.) often with smear and air samples taken at each location. Many are marked
“WR smears”, “WR surveys”, and “WR survey.” There is no information regarding dosimeters
or other radionuclides (other than a cadmium air sample) and only a few entries, as noted below,
for samples taken on specific individuals. Some samples are identified as EU sources.

Log Book 6-20-63 thru 10-27-67 (Kittinger and Vogel 1963)

6-24-63: Page 3 — [Name] asked permission previously was ok, and began today a short
analytical run of about 20 grams of Oy samples in 41 Bldg. Air sampling and control procedures
were set up.

3-11-64: Page 10 — Met with [Name], [Name] and [Name] in 233 foundry plant, [Name] not
much in favor of portable down draft units

4-28-65: Page 41 — Special project going well- first metal made early this AM
[Name] 2hr EL

Special project 24 hrs behind schedule at end of day shift. PM OT cancelled — to await
fluorination cycle, poor yield/ button.
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5-4-65: Page 42 — Special project badges to 23.

6-4-65: Page 47 — U. contamination. Drinking fountain showed up at 91- from salvage- to be
discarded

7-7-65: Page 51 — Talked to [Name] Re: Nitric Tu bath - he agreed to shut down till proper
ventilation is available.

10-15-65: Page 63 — Talked to [Name] on Pu Sludge project- 229

2-28-66: Page 79 — Tu fire in 296.

6-21-66: Page 96 — Gamma alarm evac. at 2:00 PM. Good test. 72 people w/o film badges.
6-30-66: Page 98 — 233 going slow should finish making buttons tomorrow.

7-1-66: Page 98 — Small U fire in 81-244- no contamination sp.

6-1-67: Page 134 — Talked to [Name] about no neutron film in HP badges- says he will remedy.
Logbook 3/3/64- 9/4/64 (RFP 1964a)

3-10-64: Page 9 — Encouraged [Name] and [Name] to develop a method to feed calciner
automatically rather than by hand (neutrons 200 to 300 n/cm/me) Neither seemed interested

3-19-64: Page 18 — [Name] [Badge Number] incident: His coveralls were > 100,000 ¢/m inside
and outside. Under shorts found in locker room were to 6,000 ¢/m (wearer unknown). [Name]
found [Name] shorts and button to be BKGD when checked at home. [Name] (Jump Foreman)
and [Name] (guard) were present during survey. Survey delayed when 2 gas flow ins. in 76 and
2 in 23 were out of gas and weak batteries. See [Name] sheet for more details.

3-20- 64: Page 19 — Film badge racks installed west entrance.

4-20-64: Page 50 — Five in the line room 160. [Name] [Badge Number] was oxidizing samples
the furnace had boom shut down for 30 min when [Name] [Badge Number] noticed a fire in the
line in an ice cream carton Fire Dept came down. No personnel contamination noted. No

contamination of area noted 05:20 hrs.

5/1/64: Page 60 — Special neutron and gamma survey for hall of calciner after cleanup still
showed 275 n/sec/cm2 with supposedly no mtl. in the....

5/7/64: Page 65 — Gamma survey of very full dry boxes in 77 Bldg. 7 boxes averaging
100 mt/hr outside/200 to 400 mrt/hr in the gloves.

5-13-64: Page 69 — [Name] burned classified paper for [Name].
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5-26-64: Page 78 — Several pinholes in dead transfer lines ~ end east CHEM line also several
leaking values and flanges decontam not completed.

6-2-64: Page 83 — Talked to [Name] about [Name] treatment of film badge. Also talked about
destruction of numbers of accident report blanks at desk in Room 148 with obscene word
scratched on top blank.

6-12-64: Page 91 —
11:45 Hrs 71 Bldg notified of accident in 76 Bldg [Name] went to 76 immediately

11:40 [Name] phone from 13 Bldg to inform us a [Name] (76 Bldg) was calling for supplied air
suite.

12:00 [Name] was protracted about the incident he said the office area at that time was cold

12:05 Contacted [Name] he requested all available monitor in 71 Bldg be sent to 76 Bldg the
following monitors were sent as soon as possible

[Name] x 8
RFP Logbook 9/8/64-3/26/65 (RFP 1964b)

9-22-64: Page 20 — [Name] [Badge Number] needs 2 new picture for his film badge old one
500 cpm.

1-19-65: Page 102 — Talked to [Name] about excessive gamma at the Am stripping box and F.R.
Box Rm 114. In front of the columns reading to 250 mR/hr in glove port and up to 70 mR/hr in
aisle 1 ft. from box. He is having 50 mil. lead gloves put on and is going to look into a way to
shield the column.

Logbook 3/26/65-10/18/65 (RFP 1965a)
Page 39: 5-18-65 — Survey around old 146 fluorinator shows up to 60mr/hr and 15-30 mr/hr

Page 60: 6-17-65 — 2— more separate glove failure incident on lathe 768 on this shift. Will
contact [Name] to investigate operation in this box.

Page 68: 6-28-65 — Explosion in 13 lathe in Rm 182 contamination throughout room and into
hall 196. Supplied air on north lathe bar room if personnel in supplied air evacuated by hall 193
and spread contamination to the read.

Page 72: 7-2-65 — Tank 736 behind new Am box reading 18,000mr/hr on bottom of tank
covered with lead apron, should be shielded as well as 734, 731, 737.
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Page 80: 7-15-65 — Bag leaking on back side of Am box 600sq ft of floor contaminated to
10,000 ¢/m.

Page 81: 7-16-65 — Talked to [Name] about shielding tanks on the back side of am box okay he
will take care of it Monday Tank 720 reading 1100mr/hr on bottom

Page 145: 10-8-65 — Contaminated Incident in Rm 180 Project
RFP Logbook 10/19/65-5/9/66 (RFP 1965b)

11-19-65: Page 28 — Floor area behind old skull box contaminated to > 100,000 ¢/m. Back
hallway to 50,000 ¢/m. Hallway has been cleaned. Floor behind skull has been wet down it will
be cleaned at the end of the shift. Day shift will be asked by [Name] to get this area cocooned as
soon as possible.

11-19-65: Page 28 — An area (10’ x 4’) at the south end of the skull box under the air lock was
covered with plastic. After a short time the plastic was inflated with air that seemed to be
coming up thru a crack in the floor.

2-14-66: Page 91 — Started neutron integrating unit with film at Rm 148 Fluorination. Rate of
exposure 50—70 mR/hr having trouble find a safe place to get up gamma integrator.

2-25-66: Page 99 — 01:45 a waste BB1 containing supplied air hot waste exploded. Blew the lid
off and the contents of the BB1 caught on fire. Contamination spread over 100 sq/ft floor level
not very high (2,000 — 3,000 c/m).

4-12-66: Page 132 — Fire in the incinerator plenum probably burned out 1* and 2 stages of
filters. No contamination noted outside of plenum.

RFP Logbook 5/10/66-12/3/66 (RFP 1966a)

6/22/66: Page 32 — Destroyed picture badge belonging to [Name] [Badge Number] due to
contamination.

8-27-66: Page 82 — Fire in the incinerator plenum. Two filters burned out. 1 in the 1* bank and
1 in the second bank. No contamination released. The exhaust stack out of the top of the
incinerator was hot enough to set the insulation on fire.

9/21/66: Page 99 — About 5 or 6 gal. of green liquid was found on the floor in Rm 146. It was
behind the dry wall partition and it had run out of a stubbed off exhaust line that was only taped
over. It is believed that it ran out today when there was a power failure and the dry box vacuum
was lost. Contractor blueprints and equipment are all contaminated. Air samples B-3 & B-4

> 100K. [Name] was called concerning possible day shift exposures. Attempts to decontaminate
brought little if any results. Plastic used to cover the worst areas.
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Logbook 12/5/66- 6/11/67 (RFP 1966b)

6-7-67: Page 142 — Both fluorinators broke down. Oxides being stored in 114 fluor room. Area
marked with do not loiter signs total 19 mR/hr.

6-8-67: Page 143 — Talked to [Name] about tube strung from Am tanks to Am box to transfer
Am feed. 150 mr/hr in aisle — 4 mr/hr. at operators desk. Also talked about shields to cover
glove ports not being used.

Logbook 12/12/66 —12/31/68 (Kittinger 1966)

1-10-67: Page 8 — Asked [Name] not to make projected addition to 77 a cold area based be, Tu,
Oy and possible Pu storage in this area.

1-31-67: Page 11 — Worked with [Name] on specs. for special permission on radioactive metal
shipments. He agreed to exclude Am and Np from table showing criticality limits — to make
separate table asking for quantity agreement only.

8-4-67: Page 54 — Met with [Name] concerning possible project to make D-38 pellets in
05 Bldg. [Name] wanted to do the work on bench top. Advised him regarding ventilation
needs since this will be messy work.

RFF Logbook 6/12/67-12/29/67 (RFP 1967)

6-21-67: Page 9 — Fire in one of the pots inside Line #3 ~ 2000. Extinguished almost at once by
[Name]. No personnel contam. and no release of contam. to atmosphere.

6-25-67: Page 12 — [Name] found liquid on floor a valve was not turned off (I [Name].
witnessed [Name] shutting it off. Cooling water level was just about up. Water was leaking
from windows, bolts. Reported to [Name] at 0630.

6-26-67: Page 13 — Area around W Box and Button Breakout put on resp. because of high level
contamination found. Between shielding on boxes & boxes themselves operators to start
cleaning around Button Breakout.

6-28-67: Page 15 — Found 2 plastic wrapped pieces of material laying unattended and unmarked
on top of desk near casting furnace in Rm. 182. Radiation level of 55 mR/hr at surface of each
one.

6-29-67: Page 16 — Talked to ...about [Name] on 148 Fluorinator judging from readings and
study with neutrometers it would indicate 777 mrem of exposure in the past 4 days. Front of box
without shielding 75 to 80 mrem — with shielding 35 mrem.

7-15-67: Page 30 — Talked to ..., [Name], [Name], [Name] about relocating film badge racks
in 71 Bldg. It is ordered that the racks for maint. labs, & R&D be left in the west dock area
and that Metal. Production, Mfg. Tech, & HP be relocated to hallway north of ....
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8-22-67: Page 56 — Two bags north end of chloride line one on desk 250 mr/hr and one on barrel
800 mr/hr. Posted signs around area.

9-11-67: Page 69 — Lathe in Rm 182, ZPPR, south side of box has no shielding. Surface of
glass reads 20 mR/hr. Man working at this location.

9-11-67: Page 69 — [Name] called about small lathe fire in 44 Bldg. working with ZPPR
material. Told him to write possible exposure report & issue special urine sample to machinist.

11-21-67: Page 124 — 1 R columns loaded with Am feed. Windows to 310 mt/hr, gloves to
200 mr/hr, Bkdg. 3 ft. south of box to 25 mR/hr. Survey taken and sent to [Name], [Name], and
[Name].

11-22-67: Page 125 — There is [Name] of ZPPR fluoride at the far south end of the Chem Line
that reads 67 mrem/hr neutrons. A radiation sign has been posted at its location.

12-7-67: Page 134 — Took gamma and neutron survey of TLD’s, Line 45. Middle of aisle at
Line 4 12 mR/hr — site gauge 619 110 mR/hr and site gauge 617 70 mR/hr.

12-12-67: Page 136 — Survey taken of crusher-neutron levels excessive. Gamma levels at the
windows on the ion columns to 22 mr/hr. Background at control panel. 3 mR/hr.

Logbook 1/2/68-7/5/68 (RFP 1968a)

1/27/68: Page 22 — 0930 hrs. #3 Booster became plugged to such an extent that the Boiler
Operator had to reduce the Vac. on Lines 21, 23, 30, 45, and 46 in order to have a minimum.

4/6/68: Page 77 — Overhead filters on Line 31 leaking again.

4/26/68: Page 93 — Talked to [Name] and [Name] about reading of 19 mr/hr at the north end of
Am Line. Reading in the center of aisle at the evaporating process.

5/4/68: Page 100 — Fire at the 114 fluorinator. A shielding bracket was being welded and
welding slag landed on an intake filter box and started a fire. Some contamination was spread,
but I think more contamination was tracked from hot operations in Room 149 by people trying to
leave the area.

6-4-68: Page 123 — A sudden squall that blew in from the east spread contamination from the
rabbit pen on to the people working there and into Bldg 03 itself contaminating the inside of the
Bldg to 10,000 ¢/m. Lunch boxes in the Bldg were also contaminated. All lunches were
discarded and lunches were furnished to them. [Name] street pants were contaminated. to

500 ¢/m. They were cleaned up with tape. Also [Name]’s car was generally contaminated to
300 and 400 c/m on both the inside and outside. It was driven into 74 Bldg. area and
decontaminated. Operators were decontaminated in Rm 169.
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6/26/68: Page 139 — Checked area under Am holding tank outside and just north of 71 Bldg.
Dirt is running 300 to 500 ¢/m — cement base directly underneath tank is counting to 5,000 ¢/m —
plastic bad around piping coming out from bottom of tank is OK. Did not check out the top of
the tank. Roped area off and marked same.

RFP Logbook 7/8/68-2/4/69 (RFP 1968b)

8/16/68: Page 32 — Fire and explosion in Line #2 on day shift left south end of room highly
contam. Cleaned up except for under line which was isolated with plastic. Plastic also laid on
floor just alongside of Line 2. Floor under plastic needs paint.

8/16/68: Page 32 — Fire in Line 13 ~ 1730 — No contam. released to the area.

8/21/68: Page 35 — High gamma reading at the Am line desk was caused by a gauge failure that
allowed Am feed to back up into a line that normally is cold. Condition has been corrected.

8/21/68: Page 35 — Talked to [Name] about Line 2 explosion on 8/16. He stated that they
suspect the cause was a newly installed air line that may have had some oil in it and that oil got
into the pot — they have discontinued use of the air line pending further investigation on the
incident.

9-19-68: Page 56 — [Name] got n & y survey storage area N. Rm 114. >130 batches green cake
stored because of Fluorinator shut down reading to 45 mrem/hr n and 4 mR y. Area should be
posted.

10-9-68: Page 70 — Talked to [Name] concerning the wearing of lead aprons for bag cutting —
[Name] and [Name] have been refusing to wear lead aprons for bag cuts and have been hand
carrying bagged out material.

10-16-68: Page 75 — Bag cuts at Line #4 by [Name] and [Name] without the wearing of lead
aprons. Bags up to 48 mR/hr.

1-10-69: Page 134 — Talked to [Name] and [Name] about using TLD for exposures during
repacking of ZPPR barrels. TLD will be furnished. The pen for repacking these barrels will be
built in Rm. 146. The TLD will be in the middle desk drawer and will be read daily. The
numbers to the outside.

Logbook 2/5/69-9/3/69 (RFP 1969a)

4-24-69: Page 56 — Spill at Vac line around line # 10. Pipe fitters were cutting out 3 vac.
[Name] when liquid ran out of pipe area was >100,00 ¢/m at spill to 4,000 c¢/m on floor in
storage area and fluorinate area was wet down with KW and barricaded to prevent spread of
contamination area still contaminated at end of shift requested pm shift wake

5-12-69: Page 70 — No production — (worked 76 fire all night at 76 Bldg plus decontamination
71 Bldg from 76 source

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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5-12-69: Page 70 — Decontaminated tunnel all night

5-13-69: Page 71 — [Name] to 76 one hell of a night decontaminating, taking care of medical
mtc jobs, clean up, you name it — “Time for Beer” have fun [Name].

4-11-69: Page 47 — Decontam. crew worked all shifts on contam. area that resulted from the fire
at K-2. Two and at times three monitors were needed on this job full time.

6-18-69: Page 96 — Let [Name] know of our dissatisfaction of upright for being used in tunnels

6-25-69: Page 101 — 2115 hrs criticality drain on line #30 ran over we only have cloth booties to
use, material is running 146g/liter. At least 6 pr shoes contaminated to > 100 K. 3 chem.
operators sent to medical for decontamination.

7-11-69: Page 112 — Fire at K2 — I glove burned also line 18 was pressurized causing crit drain
to overflow decontamination not completed on this shift

7-30-69: Page 125 — 2300 hrs an oxide fire in the 776-771 tunnel a separate special report will
be written.

7-31-69: Page 126 — Held over — [Name] — [Name] — [Name] 4 hrs to help with decontaminating
personnel and eqpt from fire in tunnel.

7-31-69: Page 126 — Decontaminated entire shift. Several personnel sent to medical for
decontamination — to my knowledge no forms were made out.

8-3-69: Page 128 — All the oxide has been removed from the tunnel and stored for burning as
they get to it.

RFP Logbook 8-13-69 to 8-28-69 (RFP 1969b)

8-15-69: Page 5 — Scrubber floor in 154A. HP reports it is still hot. A roll-a-round ladder and a
tool box washed. Ladder won’t come clean, 20K smear, and will probably need painted or
discarded. The metal box was not checked.

8-15-69: Page 6 — Worked 8 men in 154A using ten scrubbers and two pickups. Hot spot of
30K just south of pit and near east wall. Also 30K west side of seam that divides the south
section of the room. We had monitor check every single bucket in the vault and all hot spots
were cleaned. All hot spots other than the floor as reported by the day shift were cleaned. In the
vault, the floor is mostly 1-2K. A 4K hot spot was found on the north end of the second isle
from the west end of the vault. The south end of the 3™ isle had a 4K spot. The 4™ aisle was not
checked. We could have a problem with the large scrubber having a contaminated brush. All
ladders and other misc. equipment were bagged up and removed from the room.

8-16-69: Page 6 — Scrubbed floor in 154A. Readings up to S0K. Column House into 100K

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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8-16-69: Page 6 — Cleaned in 154A. We used 409 with a vacuum pickup. We got new scrub
brushes from supply and scrubbed the 409 (NOT) using the scrubbers (buffers) because they get
hot too rapidly and re-contaminate. Using the pickup, we had 4 men dry down the floor quickly
with chem.-wipes before the floor had a chance to air dry. This technique cleaned up spots of
order 10K and we got the vault area and northwest corner down to 500 to 2000 c¢/m. Since the
floor has been scrubbed four times by jump shift, we got permission to paper. We covered the
vault and the northwest corner of 154A with brown papers. We covered the containers in the
vault with new plastic bags.

Hammond Logbook 9/19/65-5/14/69 (Hammond 1965)

Primarily compilation of attendance lists, vacation status, training and meetings, personnel
issues, etc.

776 Building Logbook [May 26 1969 June 16 1969] (RFP 1969c)

No entries pertinent to data integrity, dosimetry, other radionuclides or secondary dosimetry
reading were found. This is a narrative log that discusses shift and work starts and
decontamination and cleanup instructions. No contamination levels or decontamination levels
are recorded or discussed. No personnel dosimeter issues or exposure levels, in vivo, in vitro
bioassay results are noted.

Page 69: 6-4-69 — Do NOT use tri-sodium phosphate granules as cleaning agent.

Page 70: 6-5-69 — Sodium bi-sulfate — two pounds per bucket of H,O. Scrub with brush, rinse
off and dry.

Page 78: 6-12-69 — Health Physics should outline a strict procedure on how to handle the face
masks, hoses and waste ...out in the compressor room. When 5 or more masks are thrown in a
bag together it’s next to impossible to get them clean. If the straps and hose are kept out of the
inside of the mask there would not be a problem.

Page 82: 6-13-69 — Floors in S4 is OK to paint ASAP. This has been a hot spot — so let’s get at
it. We took all the insulation down from ducts and it was very hot. In checking the filter screen,
we found that about 1/3 of them were hot. I think it would pay us to have a monitor check each

one after the filter material is removed.

Page 85: 6-14-69 — We worked in full face masks all night (9 men). We could not keep up
washing, decontaminating and drying filters because they were checked often and found to be
cold.

Page 86: 6-15-69 — Still think everyone removing insulation should break off all fasteners.
Somebody will be getting hurt if we don’t.

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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RFP Logbook 6/16/69-8/28/69
Special Decontamination Crew Summer 1969 Fire (RFP 1969d)

7-4-69: Page 60 — it seems that in some places it is hotter in the cold areas than in the hot areas.
RFP Logbook 9/4/69 — 3/3/70 (Foreman’s HP Log Bldg 771) (RFP 1969¢)

Page 57: 11-12-69 — Talked to [Name] and [Name] about the ten barrels of ingots that are being
stored at Line 21. Also in the area was a ten gallon can containing sweepings and metal and
carts of material awaiting processing. The barrels contain about 100 kg of ingots from nuclear
safety and they read to 6.5 mrem neutrons and 9 mR/hr gamma at the surface. Ten gallon
container to 7 mR/hr at surface. Average background in the area at 7 to 8 mR/hr. It was agreed
to move the barrels into the 148 Fluorinator Rm. and make this Rm. a limited access area. It was
recommended that other material brought into the area be shielded and that only one cart of
material at a time be brought into the area.

Page 58: 11-13-69 — High Radiation Area around Line 8 has signs posted. [Name] advised of
this situation and copy of gamma-neutron survey at this location given to prod. supervision.

1-23-70: Page 111 — There are five carts of parts stored on the south side of Rm. 141. Gamma
to 80 mR/hr and neutrons to 9 mrem. Storage south of Line 21 — several containers to 10 mR/hr.
Informed [Name] and hung radiation tags on the carts.

2-16-70: Page 135 — A radiation hazard sign was posted on the door to Rm 141. Outside surface
of glass to 12 mr/hr. In the doorway with the door open reads to 90 mR/hr and 29 mrem. I’'m
sure it’s much higher inside vault. There is a lot of green liquid on the floor.

RFP Logbook_Sept 11 1969 Dec_26_1969 (RFP 1969f)

Page 3: 9-16-69 — Try having decon workers carry hand monitor for assembly area boxes (1~2)
to check for contamination as they work.

Page 19: 10-14-69 — Cigarettes and matches were found in the clothing cabinet. These items
should not be in the area.

Page 21: 10-21-69 — Started using full-face masks after lunch today.

Page 23: 10-27-69 — The gamma bdg. limit is 0.5 for boxes and /illegible]. The best way we
have of staying below these limits is to be sure that all material steamed and foamed... before
boxing or handling it. It is possible the boxes will have to be returned and repacked in [illegible]
for counting if the box reading is more than the 0.5 allowed.

Page 26: 11-14-69 — A prime concern of the decon operation is to keep contamination from
getting outside the operating area. Therefore nailing of the boxes is important. 1. Apply glue
thoroughly 2. Nail lid sufficiently to seal 3. box can be removed from the bldg. for the carpenter

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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for nailing or strapping. The boxes should never be removed from the building. Be sure all
foremen get this word.

Page 28: 11-6-69 — No smoking on the dock.

Page 29: 11-9-69 — Please clean and seal areas that are marked on the chart barricaded area —
50K to 100K spots.

Page 31: 11-13-69 — Be sure to check for classification in items that may be ready to box out.
Kittinger’s Log Book No. IV (1/2/69 — 3/28/72) (Kittinger 1969)

1/22/69: Page 6 — Considerable number of people eating in 76 & 77 locker rooms. Need to re-
examine our position on this policy. Practice of eating at break muddles our position.

4/3/69: Page 30 — High gamma ct from 2 dreams in 774 produced high personnel exposure
during last film badge period 3/13-3/27.

Asked [Name] to investigate — drums were:

Neutron Gamma

5 mrem 1,000 mR
4 mrem 1,000 mR
1.5 mrem 500 mR

5/11/69: Page 42 — 776 Fire

1/6/69: Page 89 — Informed [Name] there is some concern in 771 about lack of neutron film in
some badges — also about monitors concern (especially [Name]) that infor. is being generated for
job eval. purposes by LE. study.

2/5/70: Page 96 — I am concerned about possibility of accidental exposure from x-ray diffraction
equipment. [Name] has consulted with [Name] about problems in 779. I asked him to write
letter closing down two units in Rm 234 until satisfactory protection afforded. He has drafted a
letter.

RFP Logbook 1-26-70 to 10-26-70 (Foreman Log) (RFP 1970a)
Page 24: 2-25-70 — [Name] and [Name] held over or 8 hours for gamma/neutron survey.
Page 39: 3-16-70 — Talked to [Name] about contaminated piping ductwork — general overhead

of 777 checkout hallway. [Name] took smears up to 40K. [Name] will notify [Name] to
decontaminate same.
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Page 42: 3-20-70 — Called to Bldg 444 to investigate fire in collection box in basement — west of
HP vac pump — check everything for both. Be --- and --- and could find none. Called in [Name]
to complete operation.

Page 49: 4-1-70 — Informed [Name] (Captain Fire Command) to instruct his people about our
rules in Bldg 776, 777, and 778 following incident with guard [Name] who was found in 77
without safety glasses, respirator, film badge and security badge — He said he would cooperate
with HP.

Page 50: 4-2-70 — Very exciting evening. Heat detector alarms in Rm. 154 went off twice
during shift. Screwy situation occurred in 559 concerning outside emergency lights. Will
discuss this incident with [Name] when I come in 4-7-70. [Name] jumped off foundry dock and
injured his left foot.

Page 52: 4-6-70 — Much discussion about the lack of monitor coverage in the south machining
decon area. Had 4 decon monitors for area to take care of decon crews. Maintenance wanted for
window chargers and [Name] wanted it for glove changers. Hard to Cover.

Page 79: 5-12-70 — Sheet metal dropped duct in 5-5 causing quite a release of contamination up
to 500K — scrubbed but needs rechecked.

Page 87: 5-21-70 — Still having problems with monitor coverage for maintenance holding over
for 4 hours. Two jobs turned in and no prior arrangements were made. Let’s get this
straightened out once and for all.

Page 112: 6-23-70 — Contamination on the North furnaces coming from the control panels and
not from the fire area.

RFP Logbook 9-2-70 to 12-24-71 (Foreman’s Log) (RFP 1970b)

Page 1: 9-21-70 — Spent part of this shift decontaminating Line 17. Not having much success.
Should be completely surveyed.

Page 2: 9-22-70 — Decontaminated around Line 45 all night. Incident occurred at the end of PM
shift. While checking for source of contamination, located 3 windows that were possibly
leaking, #1, #25 and #28. Also located 8 gloves that were rotten on the back of box. Area is still
on resp. and needs more decontaminating.

At the beginning of the shift [Name] and I toured the production areas. There were an
unnecessary number of drums that were stored at S. end of 149. These drums are contributing to
possible radiation exposures. Approximately 12 of the drums (about ’2) were all monitored
ready for barrel count. [Name] started moving them over to barrel count. Suggest [Name] be
informed of this condition.

Incident report written on these (2) incidents and also on leaking flange behind Line 34.
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Page 9: 9-30-70 — PM left word that a number of gloves had holes on the south side of Line 41.
We found contamination on the sides of the box 50K, on a spot check, the paint in the area had
been stripped. In order to decontaminate this area, I feel we should have the floor painted and
covered to avoid contaminating the bare concrete floor.

Page 10: 10-1-70 — Incident at Line 5 greeted us at 2330. See Report. Kept having
contamination problems around Line 3 most of shift. Thorough survey made and found several
windows with yellow or lead tape on bottom hold down strip. All windows under tape smear
40K or more. Talked with [Name] about the condition, suggested that the windows be changed.
Also found quite a few rotten gloves on backside with liquid in them.

Page 10: 10-1-70 — PM [Name] and [Name] found a 55 gallon drum in Rm. 162 giving off
100 mr/hr. It is tagged as empty 1 gallon cans — 2-16-70. Looks like plastic cartons with sludge
in them.

Page 12: 10-3-70 — Gasket was changed in duct by Line 3. Floor has been cleaned a number of
times but still comes up hot (3—5K). Floor was painted on mid-shift. I feel the contamination is
coming up through the paint. They are scrubbing area one more time before end of shift.

Page 15: 10-6-70 — Found 500K c¢/m behind shield on Line #2 at bag out. Shielding was taken
off and decon begun.

A seam is leaking behind Line #3. It is smearing 10°. Floor is also smearing 10°.

Page 15: 10-6-70 — [Name] came down as steward for [Name] grievance for /2 hours pay for
monitors working directly with decon people.

Page 16: 10-6-70 — Gamma-neutron survey taken around fluoride volatility line as requested by
R&H.

Page 19: 10-10-70 — Decontaminating Rm.11A all shift due to MR6 spill at mist tank area.
Contamination now confined to immediate area. Strippable paint was put down after several
washings to prevent contamination from spreading again.

Page 23: 10-13-70 — Still having problems with Line 17 airlock. Shielding should be removed
and airlock decontaminated.

Page 24: 10-14-70 — Area around Line #2 was decontaminated. The area inside plastic pan was
cocooned but not stripped because it was not dry. Respirator area covers Lines 1, 2 and 3.
CAMs holding steady — 15-20K on cocoon and spots to 800K.

Page 31: 10-20-70 — It has been two weeks since the H&G valve leak by Line 14 occurred and
no efforts are being made to clean this area. Looks like we are going back to pre-strike attitudes
by Production (Cover it up with plastic and forget it).

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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Page 31: 10-20-70 — Found a cart with (4) bags cut out of Line #30 at the North end of the line.
The gamma radiation runs from 20 mr/hr to 100 mr/hr. We put a No loiter — High Radiation
Area sign on the cart.

Page 42: 10-3-70 —It’s been 3 weeks since the H-G valve incident had occurred behind Line
#14 and no further decontamination activity efforts have been made since the area was covered
with plastic and cocooned. Discussed the hand carrying of high gamma FR waste from 114
storage to Line #4 with [Name] and [Name]. Advised them to either cart the material over to
Line #4. Operators wore lead aprons or shut the operation down.

Page 43 10-31-70 — Line #3 seam is leaking — It was checked and it’s reading 500K c/m. Line
was not decontaminated on days.

Page 52: 11-9-70 — Toured the area at the beginning of the shift and the place is back where we
were prior to the strike — contaminated be covered over with plastic or cocoon and the general
area housecleaning is poor.

Page 61: 11-19-70 — Talked with [Name] and showed him gamma and neutron exposure
problems in the area of Lines 15, 46, 47, and 48. Such things as badged items lying on the floor
during cutting operation (to 50mr/hr) Luc TE cart shielded cart with FR sludge in the pots, dirt
fluoride laying on the floor and covered up with lead aprons. Apparently have some confused
people around. We’ll cover this subject at their re-indoctrination that is coming up.

Back side of line 3 is hot — evidence of someone surveying and marking trouble spots, but area
was not posted for respirators and contaminated floor.

Page 79: 12-4-70 AM — Another big spill at line 14 just about the time the vac trap leak at Line
13 was near completion on cleanup. Condensate return line sprung a leak and recontaminated
entire area; air samples A-10, A-11, A-122, A-13 and A-14. Made specials. A-14 was

80,000 c¢/m. Only good thing, this shift was that everyone in the area was on respirators. Still
working on the prior mess when this happened.

Page 124: Asked [Name] to rotate his people on barrel splitting for exposure control — he agreed
to do it.

Page 126: 1-21-71 — Note- this is a must — refers to 1-7-71 Memoranda — Effective today, all
respirators having 771 for laundry will be monitored and bagged separately. Hot from cold — all
bags will be properly identified as the activity of the contents — Signed [Name]. (All shifts —
each shift).

Page 128: 1-22-71 — High gamma problem exists on and around east side of Line 40 — Survey
shows that exposure is great on west side when operator is working through gloves — most gloves
are 30 ml PG — suggest that entire box go to 50 ml PG — Walkway on east side of box as high as
10 mrem, west side walkway 2.5 mrem. Posted east walkway.

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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Page 134: 1-28-71 — [Name] and [Name] — I could not find a incident report on the vac line leak
atline #7. Deconed in area; all shift — leak was repaired at 2200 hrs, overhead in front of line
deconed by end of shift.

No incident report on line 14 either — besides what was indicated on the map; we found a leaking
window and approximately 40 sq ft. of the box to 50,000 ¢/m cleaned up by 2230 hours and
window strip is taped with lead tape. Production supervisor promised to get it changed right
away. This leak was the source of all contamination there.

Page 136: 1-30-71 PM shift [Name]. Stirpped the cocoon at the south end of tunnel. Count was
reduced to 50,000 c/m direct and 1,000 c/m smear on the bare concrete. Epoxy was applied.

RFP Logbook 2/15/71 to 7/23/71 (Kittinger 1971)

Page 3: 2-10-71 — Decon on Line Complete. Floor needs to be stripped + painted. Floor is
500 ¢/m smear plus 50K c¢/m.

2/23/71: Page 9 — Line 32 incident due to a glove port leaking and contaminating approximately
100 ft of floor to 10K. The glove port was tightened and decontaminated. They also put epoxy
around the gasket. Window should be replaced. Decon complete at 0315.

2/23/71: Page 9 — Bag failure on Line 2 East end. Contamination to the floor in the immediate
area >104. Walking on all sides of line 2 contaminated due to tracking.

Page 11: 2-4-71 — Contamination released from bag cut at line 15 about 4ft* of floor. Decon
completed.

Page 11: 2-4-71 — Floor area on the West end of line 4 to 2K ¢/m. Pen which is around site
gauge at 40K c/m outside perimeter. Respiratory area in all of West half of room and in
flowmeter room.

Page 11: 2-4-71 — [Name] — B-36 <1000% RCG.2000 c/m.

Page 11: 2-4-71 — Maintenance job completed on line 11. Area has been deconed.

Page 12: 2-25-71 — [Name]. B-36 141 Nash pump vault 1175% RCG 3000 c/m.

Page 12: 2-25 -71 — Incident on line 38 — decon completed. Incident on line 20 — decon not
completed. The east end of line 32 started leaking in several places. A pen was build around the
east end.

Page 12: 2-26-71 — Deconed on line 20.

Page 13: 2-26-71 — [Name] 141 Mash pump vault 8000% RCG 20,000 c/m.
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Page 13: 2-26-71 — Plastic house at line 32 should be checked each shift to ensure contamination
from leaks is not moving and that respirator area is sufficient.

Page 13: 2-27-71 — 114 Fluorinator back side on respirators — Front decon complete.
148 Fluorinator decon complete 0200.

Page 15: 3-1-71 — Contamination to the Main Hall and Rm 114. Smith West area from line 14
south and west part of line 2. Due to liquid in a glove at line 4. Contamination spread due to
tracking.

Deconed on line 17
Deconed on line 18
Deconed on line 32
Deconed on line 4

Page 16: 3-2-71 — Decon of area from line 4 incident (5-1-71) completed at 0200. Decon of 148
fluorimeter completed at 0315.

Page 17: 3-3-71 — Decon of 148 fluorimeter complete at 0100
Page 18: 3-3-71 — B36 Nash pump vault 2800% RCG 7000 c/m

Page 19: 3-4-71 — Back side of line 3 south end contaminated to 30K ¢/m. Contamination was
spread due to tracking to the walkway on the north side.

148 fluorimeter in walkway around box is leaking at side of box and floor — is contaminated to
20K... Shielding should be removed and a complete survey should be done on the box, and
overhead. Area is on respirators.

Page 19: 3-5-71 — Decon of line 13 & 14 (PM incident) Floor contaminated to 200K ¢/m and
shielding contaminated in the air lining. Had them remove the shielding and decon — also had
some windows leaking 100K c¢/m.

Line 3 contaminated due to bag leak. Floor on back side and front side of North was
decontaminated. Shielding at back side of North end 70K ¢/m. Area on respirators. Decon
completed at 0700.

Page 24: 3-10-71 — We had a spill on 4 line when [Name] pulled off his glove. The ladder he
was standing on slipped and he fell back pulling off his glove. Floor box and ladder 100K c¢/m.
Area deconed except for floor directly under glove — this has been cordoned.

Page 25: 3-11-71 — Contamination around line 37 due to barrel dump. Contaminated dust was
released to the atmosphere due to lack of flow on the Down Draft. Top of box, overhead pipes
and floor contaminated to 10K. Decon completed at 0315. Exhaust system from the Down Draft
should be checked.

B36 141 Nash Pump Vault 3100% RCG 4000 ¢/m.
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Page 27: 3-1-71 — Line 30 decontaminated at 0300. A dog was placed around the elbow and
coupling. The floor below was leading into 60K...the elbow did not appear to be leaking,
however a periodic check should be made.

Page 28: 3-14-71 — Many values and flanges were found to be leaking, in addition to the one on
Tank 467. They should all be repaired before coming off respirators.

RFP Foreman Log 1/7/71 — 8/18/75 (RFP 1971a)

Page 1: 1-12-71 — Workers argued that they were not put in respirators when contamination
alarms sounded while striping paint when decontamination shielding and floor in Rm. 114.

Page 23: 3-8-74 — Talked with [Name] about not leaving his maintenance people without
monitor coverage during his breaks and lunch.

RFP Log July 24, 1971 to Jan 9, 1972 (RFP 1971b)

Page 105: 11/5/71 — Shipped Pu-238 to 776 from [Name] R & D. Mat’l read 148.6 n + 22.0
gamma at surface. of inner container and 3.2 gamma + 35.7 n at surface. of shipping container,
and 0.4 gamma + 4.4 n at three feet from the container. [Name].

RFP Logbook 10/16/72 to 3/25/73 (RFP 1972)

1-9-73, Page 91 — As of the meeting today, in 776, send no air samples of any kind to 776 that
are > 5000 ¢/m. We all know that the only way we can be sure is to check all the A + B routes,
Incinerator, Buster III and any area of which we have had suspect — [Name].

RFP Logbook 8/30/73 to 3/19/74 (RFP 1973)

12-3-1973: Page 79 — Special study started on CAMs vs Radeco in 149 and 114. If CAM or
Radeco alarm at location A5, A6 A10, B21 or B25 please change both samples and make
specials out of both samples. The sampler in the Radeco is our routine sampler. Now the Air
Hero is discontinued.

1-18-74: Page 117 — Contamination of unknown origin ([Name] exposure incident) at 500 series
tank has been checked periodically and still no signs of leaks. Keep a close check on this area.

2-5-74: Page 133 — High neutrons in BBD area caused from fluorides being stored in Line 19
near “W” box. 1 count from surface of box (window #12) 50.0 to 90.0 mr/hr neutrons — 152G
way — to 18 mr/hr neutrons. Area put on radiation zones.

2-15-74: Page 142 — Small incident at Line 45 (3 sq. ft. floor 100 K/s) No report. Incident on
Line 41 (airlock operations).

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
Health for factual accuracy or applicability within the requirements of 42 CFR 82.
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2-20-74: Page 146 — The support duct running from 147 to the 141 vault is open now. Under no
circumstances should the hallway door to the 141 vault opened. It could create a pressurized
condition and could contaminate 147 again.

RFP Logbook 3/20/74-9/23/74 (RFP 1974)
Page 31: 8/14/74 — Incident Line 17 one possible inhalation. Glove failure.

Page 38: 8-7-74 — Air hoods, B16, B17, B-32 have been hot for a week. We surveyed the area
and found many contamination areas. 300K under Line A. put on respirators. See map for
problem areas.

Page 45: 7-29-74 — Lines 13, 14, 15,16, 17, 8, 9, 10, 11, 12 put on respirators due to underline
contamination found on the underline survey, unable to decon it on PMs.

Page 58: 7/11/74 — Incident on Line 24 — See report.

Page 73: 6-17-74 — Liquid spill in Line 1. Very high gamma readings. People cleaning will
receive very high hand exposures.

Contamination Control Logbook_1982_ 1985 (5/28/81-7/8/85) (Passmore 1982)
3-3-83: Page 50 — Chip problem 444 — Booties create more problem than solving.
RFP Logbook Contamination Control Logbook Nov 1985 to March 1986 (RFP 1985)

No entries pertinent to data integrity, dosimetry, other radionuclides or secondary dosimetry
reading were found. This is a Foreman’s logbook recording unusual findings and actions taken.
Entries discuss respirator use, leaks, smears taken, PPE needs, contamination events with ¢/m
levels found. Entries are sketchy and most log pages are only one-half full with most being 1-3
lines per entry. No personnel dosimeter issues or exposure levels, in vivo, in vitro bioassay
results are noted.

RFP Logbook Inspection Log May 1997 to Jan 1998 (RFP 1997)

No entries pertinent to data integrity, dosimetry, other radionuclides or secondary dosimetry
reading were found. This logbook documents inspections done on a daily/shift basis. The
inspections include: leaks or drips, alarms, sump levels, pipe cuts, pump inspections, inspection
of the Mound site, pumping operations, tank inspections, and inspections of the Building 903 A
and 903B areas for leaks or drips. Log entries are 3-8 lines in length and most pages are nearly
full. No contamination levels or decontamination levels are recorded or discussed. No personnel
dosimeter issues or exposure levels, in vivo, in vitro bioassay results are noted.

Individual specific data was not found in the following logbooks.

RFP Logbook Jan 10, 1972 to May 29, 1972 (Foreman Log)

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
Health for factual accuracy or applicability within the requirements of 42 CFR 82.
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RFP Logbook Apr 1987 to Sep 1987. Contamination Control Report Sheets
Rad Exposure Letter Log
Release History Unk 1956 72

References:
Hammond, S.E, 1965, Logbook 9/19/65—-5/14/69, Dow Chemical Company, Golden, Colorado.

Kittinger, W.D, 1957, Kittinger’s Personal Logbook 10/1/57-8/26/60, Dow Chemical Company,
Golden, Colorado.

Kittinger, W.D, 1966, Logbook 12-12-66 to 12-31-68, Dow Chemical Company, Golden,
Colorado.

Kittinger, W.D, 1969, Kittinger’s Log Book No. 1V (1/2/69-3/28/72), Dow Chemical Company,
Golden, Colorado.

Kittinger, W.D, 1971, RFP Logbook 2/15/71 to 7/23/71, Dow Chemical Company, Golden,
Colorado.

Kittinger, W.D. and Vogel R.M., 1963, Logbook W.D. Kittinger/R.M. Vogel 6-20-63 thru 10-27-
67, Dow Chemical Company, Golden, Colorado.

Passmore, R., 1982, Contamination Control Logbook 1982 1985, 5/28/81 — 7/8/85, Rockwell
International, Golden, Colorado.

RFP (Rocky Flats Plant) 1962, RFP Logbook 1962 Logbook Special Samples, Dow Chemical
Company, Golden, Colorado, Bar Code No. 8419780.

RFP (Rocky Flats Plant) 1964a, RFP Logbook 3/3/64—9/4/64, Dow Chemical Company, Golden,
Colorado.

RFP (Rocky Flats Plant) 1964b, RFP Logbook 9/8/64-3/26/65, Dow Chemical Company,
Golden, Colorado.

RFP (Rocky Flats Plant) 1965a, Logbook 3/26/65-10/18/65, Dow Chemical Company, Golden,
Colorado.

RFP (Rocky Flats Plant) 1965b, RFP Logbook 10/19/65-5/9/66, Dow Chemical Company,
Golden, Colorado.

RFP (Rocky Flats Plant) 1966a, RE'P Logbook 5/10/66—12/3/66, Dow Chemical Company,
Golden, Colorado.
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RFP (Rocky Flats Plant) 1966b, Logbook 12/5/66—6/11/67, Dow Chemical Company, Golden,
Colorado.

RFP (Rocky Flats Plant) 1967, RFP Logbook 6/12/67—12/29/67, Dow Chemical Company,
Golden, Colorado.

RFP (Rocky Flats Plant) 1968a, REP Logbook 1/2/68—-7/5/68, Dow Chemical Company, Golden,
Colorado.

RFP (Rocky Flats Plant) 1968b, RFP Logbook 7/8/68—2/4/69, Dow Chemical Company, Golden,
Colorado.

RFP (Rocky Flats Plant) 1969a, HP Log 2/5/69-9/3/69, Dow Chemical Company, Golden,
Colorado.

RFP (Rocky Flats Plant) 1969b, 776 Students, Volume 2, RFP Logbook 8-13-69 to 8-28-69, Dow
Chemical Company, Golden, Colorado.

RFP (Rocky Flats Plant) 1969c, 776 Building Logbook May 26, 1969 to June 16, 1969, Dow
Chemical Company, Golden, Colorado.

RFP (Rocky Flats Plant) 1969d, Special Decontamination Crew Logbook Summer 1969 Vol 1
and 2, 6/16/69-8/28/69, Dow Chemical Company, Golden, Colorado.

RFP (Rocky Flats Plant) 1969e, Foreman’s HP Log Bldg 771 9/4/69 to 3/3/70, Dow Chemical
Company, Golden, Colorado.

RFP (Rocky Flats Plant) 19691, Decontamination 9/11/69 to 12/26/69 Logbook 776, Dow
Chemical Company, Golden, Colorado.

RFP (Rocky Flats Plant) 1970a, Foreman’s Log 1/26/70 thru 10/26/70, Dow Chemical
Company, Golden, Colorado.

RFP (Rocky Flats Plant) 1970b, RFP Logbook 9-2-70 to 12-24-71 (Foreman’s Log), Dow
Chemical Company, Golden, Colorado.

RFP (Rocky Flats Plant) 1971a, Foreman’s Log 2/15/71 to 7/23/71, Dow Chemical Company,
Golden, Colorado.

RFP (Rocky Flats Plant) 1971b, Foreman Log, 71 1/7/71-8/18/75, Dow Chemical Company,
Golden, Colorado.

RFP (Rocky Flats Plant) 1972, Foreman’s Log 10/16/72 to 3/25/73, Dow Chemical Company,
Golden, Colorado.
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RFP (Rocky Flats Plant) 1973, RFP Logbook 8/30/73 to 3/19/74, Dow Chemical Company,
Golden, Colorado.

RFP (Rocky Flats Plant) 1974, Foreman Logbook 3/20/74—9/23/74, Dow Chemical Company,
Golden, Colorado.

RFP (Rocky Flats Plant) 1985, Contamination Control Report 11/1985 to 3/1986, Rockwell
International, Golden, Colorado.

RFP (Rocky Flats Plant) 1997, Inspection Log, Kaiser Hill, Inc., Golden, Colorado, 5/97—1/ 98,
#000107949.
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ATTACHMENT 6: REVIEW OF EXTERNAL DOSE FOR 32 CASES OF
RANDOMLY SAMPLED WORKERS AND 20 CASES OF WORKERS
WITH HIGH CUMULATIVE EXPOSURES

This attachment contains the following tables.
Randomly Selected Workers:

Table 6-1: Data Compilation for a Random Sample of 32 RFP Worker Cases
Table 6-2: First Period Data for Random Sample of External Dose for 32 RFP Workers
Table 6-3: Cumulative Analysis of an External Dose Random Sample for 32 RFP Workers

Workers with High Cumulative Exposures
Table 6-4: Group 3 and 4 of the 20 Cases of Highly Exposed RFP Workers, External Dose

Table 6-5: 1950 Data for the 20 Cases of Highly Exposed RFP Workers, External Dose
Table 6-6: Review of Internal Dose for 20 Highly Exposed RFP Workers

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
Health for factual accuracy or applicability within the requirements of 42 CFR 82.
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Table 6-1: Data Compilation for a Random Sample of 32 RFP Worker Cases

32 cases random sample of RFP workers' DOE files reviewed for % of badging

During 1952-1963 During 1964-1992
ID # Iétmp Emp. emp. # # of # of % of emp. # # of ytz;):s % of Notes
art End years years years years years years not years
badged | not badged | badged badged badged
1 80s 90s 10 9 1 90% | Gap: 1990
2 50s 60s 4.5 3.5 1.0 78% 2 2 0] 100% | Gap: 1963
3 50s 50s 2 1.5 0.5 75% Gap: 1952
4 80s 90s 8.5 8.5 0] 100%
5 70s 90s 15.5 15 1 94% | Gap: 1992. (See note #1 for 1991.)
] I I e
6 80s 90s 6 6 0] 100%
7 50s 90s 7.5 7.5 0.0 | 100% 28 26 2 93% | Gap: 1981 and 1982
8 60s 70s 1 1.0 0.0 | 100% 8 8 0] 100%
9 60s 80s 18 17 1 94% | Gap: 1969 (see note #2 & #3 for 1965.)
10 50s 60s 7 7.0 0.0 | 100% 6 5 ? 83% | Gap: part of 1969 (see note #2).
] - r—r— -+ 7 @ 0]
11 70s 90s 22 22 0| 100% | Gap: Nov & Dec of starting year, 1970
12 60s 90s 22 9.5 12.5 43% | Gap: 1969-72 & 75-83. Dose 1969-73 -1973.
13 80s 90s 8.5 8.5 0] 100%
14 | 90s 90s 2 2 0 | 100% | See note #4 below.
15 50s 70s 12 12.0 0.0 | 100% 10.5 10 ? 95% | Gap: part of 1969 (see note #2).
] - r—r— -+ 7 @ 0]
16 80s 90s 10.5 9.5 1 90% | Gap: 1992
17 60s 80s 2.5 2.5 0.0 | 100% 18 17 ? 94% | Gap: 1969 (see note #2).
18 50s 70s 7.5 7.5 0.0 | 100% 7.5 7.5 0] 100%
19 50s 60s 7.5 7.0 0.5 93% 4.5 4.5 0| 100% | Gap: 1956
20 60s 80s 4 4.0 0.0 | 100% 24.5 25 0| 100%
] e
21 70s 70s 4 4 0] 100%
22 60s 70s 10 3.5 6.5 35% | Gap: 1968-73, 77

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker Health for factual accuracy or applicability
within the requirements of 42 CFR 82.
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Table 6-1: Data Compilation for a Random Sample of 32 RFP Worker Cases

32 cases random sample of RFP workers' DOE files reviewed for % of badging
During 1952-1963 During 1964-1992
ID # Egrpt I?Ergg emp. # i of # of % of emp. # # of y#(:acl)rfs % of Notes
years years years years years years not years

badged | not badged | badged badged badged
23 | 60s 90s 0.5 0.0 0.5 0% 27 17 10 63% | Gap: 1963, 64-73
24 | 80s 90s 5.5 4.5 1 82% | Gap: 1992
25| 60s 70s 6 6 0] 100%

] e T

26 80s 80s 3 3 0 100%
27 50s 70s 5 1.0 4.0 20% 9.5 8.5 ? 89% | Gap: 1958-61, 63, 69 (see note #2).
28 | 60s 90s 22 22 0] 100%
29 | 80s 90s 11 11 0] 100% | 1991 badge read '92 & incl. w/ 1992 (22 mrem).
30 | 80s 90s 11 10 1 91% | Gap: 1992
31 50s 50s 5 1.0 4.0 20% Gap: 1956-59
32 | 50s 90s 10.5 5.0 5.5 48% 27 27 0| 100% | Gap: 1953-56, 57, 60 (see note #5).

Total = 76.5 60.5 16.0 368 328 37

#1  The Occup. Dose Reports show blanks for 1991; however, there are detail sheets for 1991 that show zero.

#2  The Occup. Dose Reports show blanks for 1969; however, there are detail sheets for 1969, some show blanks and some zeros.

#3 Pages 14, 15, & 22 show 50 mrem for 1965, which is before start of employment.

#4 P.1 of DOE file does not show employment for '76, '83, or '84; but there are external dose data sheets for those years (0, 0, & 8 mrem respectively).
#5 Doses for 1957 & 1958 switched on some data sheets in DOE file.

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker Health for factual accuracy or applicability
within the requirements of 42 CFR 82.
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Table 6-2: First Period Data for Random Sample of External Dose for 32 RFP Workers

During 1952-1963
Emp. Emp. o
Df | St | En | empryers | potyeus | PO | oty
2 50s 60s 4.5 3.5 1.0 78% | Gap: 1963
3 50s 50s 2 1.5 0.5 75% | Gap: 1952
7 50s 90s 7.5 7.5 0.0 100%
8 60 70s 1 1.0 0.0 100%
10 50 60s 7 7.0 0.0 100%
15 50 70s 12 12.0 0.0 100%
17 60s 80s 2.5 2.5 0.0 100%
18 50s 70s 7.5 7.5 0.0 100%
19 50s 60s 7.5 7.0 0.5 93% | Gap: 1956
20 60s 80s 4 4.0 0.0 100%
23 60s 90s 0.5 0.0 0.5 0% | Gap: 1963
27 50s 70s 5 1.0 4.0 20% | Gap: 1958-61, 63
31 50s 50s 5 1.0 4.0 20% | Gap: 1956-59
32 50s 90s 10.5 5.0 5.5 48% | Gap: 1953-56, 57, 60 (see note #1).
Total = 76.5 60.5 16.0
Average = 79%

Note 1: Doses for 1957 & 1958 switched on some data sheets in DOE file.

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker Health for factual accuracy or applicability
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Table 6-2: First Period Data for Random Sample of External Dose for 32 RFP Workers

During 1952-1959
ID # Emp. Emp. 1st period # of # of % of Notes
— Start End emp. # years years years
years badged not badged badged
2 50s 60s 0.5 0.5 0.0 100%
3 50s 50s 2 1.5 0.5 75% Gap: 1952
7 50s 90s 3.5 3.5 0.0 100%
10 | 50s 60s 3 3.0 0.0 100%
15 | 50s 70s 8 8.0 0.0 100%
18 | 50s 70s 3.5 3.5 0.0 100%
19 | 50s 60s 3.5 3.0 0.5 86% Gap: 1956
27 | 50s 70s 2 0.0 2.0 0% Gap: 1958-59
31 | 50s 50s 3.5 1.0 2.5 29% Gap: 1956-59
32 | 50s 90s 6.5 2.0 4.5 31% Gap: 1953-56, 57
Total 36 26 10 28%
Table 6-3: Cumulative Analysis of An External Dose Random Sample for 32 RFP Workers
. # with gap of 1 yr or % workers with gaps of Cumulative Cumulative gap % cumulative gap
Period ffof workers more (Notes 1 and 4) 1 year or more years employed -- years (Notes 1 and 4)
(Notes 1 and 4)
1951-1963 14 4 29% 76.5 16.0 21%
10 37.0
1964-1992 30 (Note 2) 33% 368 (Note 3) 10%
Notes:
1. First or last partial year gaps not counted in # with gap of one year or more. Partial year gaps are counted in cumulative gap column.
2. Ofthe 10 employees with gaps of one year or more in 1964-1992, four had gaps only in 1992.
3. 1969 gaps data may be for part of the year or the full year. 1969 data gaps are not counted as full year gaps in this compilation.
4. A gap is recorded for the year if there are no film badge or TLD data at all for that year. Zero entries are counted as positive indications of recorded

data. Only blank records are included in the compilation of the gaps.

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker Health for factual accuracy or applicability

within the requirements of 42 CFR 82.
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Table 6-4: Group 3 and 4 of the 20 Cases of Highly Exposed RFP Workers, External Dose

Review of 20 RFP highly exposed workers' DOE files for % of badging during 1952-1992

During 1952-1963 During 1964-1992
ID # Exp. Emp. | Emp. | emp. b:d(;];d # ofr%:ars % of % not emp. # of % of Notes
cat. Start | End | #years time badged # years years time
years badged
1 3 50s 90s 6 4 2.0 67% 33% 29 29 | 100%
2 3 50s 80s 9.5 7 2.5 74% 26% 20 20 | 100% | 1986=10 mrem?
3 3 50s 70s 9 4 5.0 44% 56% 14.5 14.5 | 100%
4 3 60s 80s 2.5 2.5 0.0 | 100% 0% 19 19 | 100%
5 3 50s 80s 8 8 0.0 100% 0% 24 24 | 100% | 1989 & '90 =0 mrem?
6 3 50s 90s 5 4 1.0 80% 20% 30 30 | 100%
7 3 50s 90s 6 6 0.0 | 100% 0% 34.5 345 100%
8 3 50s 80s 9 6 3.0 67% 33% 21 21 | 100%
9 3 50s 80s 8.5 4 4.5 47% 53% 24 24 | 100%
10 3 50s 60s 11 6 5.0 55% 45% 5.5 55| 100%
11 4 50s 80s 7.5 7.5 0.0 | 100% 0% 21 21 | 100%
12 4 50s 80s 7.5 7.5 0.0 | 100% 0% 25 23 92%
13 4 50s 90s 7.5 6.5 1.0 87% 13% 29 29 | 100%
14 4 50s 70s 9.5 9.5 0.0 | 100% 0% 11.5 11.5 | 100%
15 4 50s 80s 6 5 1.0 83% 17% 19 19 | 100%
16 4 50s 80s 10.5 8 2.5 76% 24% 22 22 | 100% | '88=0, '89=9 mrem, '90=0?
17 4 50s 70s 5.5 5.5 0.0 | 100% 0% 8 8 | 100%
18 4 50s 50s 0.33 0 0.3 100% This period non-
Rocky Flats work.
Not included in analysis
18 50s 80s 8 7 1.0 88% 13% 22 22 | 100%
19 4 50s 60s 8 7.5 0.5 94% 6% This period non-.
Rocky Flats work
Not included in analysis
19 60s 80s 2 1.5 0.5 75% 25% 24.5 24.5 | 100%
20 4 60s 70s 4 4 0.0 100% 0% 14.5 14.5 | 100%
# of years rounded to the nearest 0.5 years

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker Health for factual accuracy or applicability
within the requirements of 42 CFR 82.
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Table 6-5: 1950 Data for the 20 Cases of Highly Exposed RFP Workers, External Dose

Exp. | Emp. | Emp. | emp. f of #of
ID # cat. | Start | End | #years badged | years not Comments Notes on Job Type
years badged
1 3 50s 90s 1.5 0.0 1.5 all initial | gaps in data: Production B
2 3 50s 80s 5.5 3.0 2.5 all initial | gaps in data: Production B to 4-23-56. No gaps in Production C
3 3 50s 70s 4.5 0.0 4.5 all initial gaps in data in 81 and QC lab. Lab specialist
5 3 50s 80s 4.5 4.5 0.0 service and Plant D and staring in 57 Depart 83
6 3 50s 90s 1.0 0.0 1.0 all initial | gaps in data in Production B
7 3 50s 90s 1.5 1.5 0.0 Production B
8 3 50s 80s 5.0 2.0 3.0 initial gaps in data in Production B. Production B 55, C in 56, back to B in 2-57,
plus 58, 59
9 50s 80s 4.5 0.0 4.5 all initial gaps in data in Production B
10 50s 60s 6.5 2.0 4.5 initial plus 58 | Laborer operator janitor to 5-55, Produc C from 4-56, 57 to 8-59 military leave
11 4 50s 80s 3.5 35 0.0 Production D-77
12 4 50s 80s 3.5 35 0.0 Health Physics
13 4 50s 90s 3.5 2.5 1.0 1959 gaps in data, 1959, in Production B, other times in the 1950s, A and C
14 4 50s 70s 5.0 5.0 0.0 Production A until 4 1957, then C
15 4 50s 80s 1.5 0.5 1.0 1959 Production C initially and in 1959 Production B. Data gap in production B
16 4 50s 80s 6.5 4.0 2.5 all initial | Pipe shop during no monitoring
17 4 50s 70s 1.0 1.0 0.0 Production C
18 4 50s 80s 4.0 3.0 1.0 all initial | Production B and Depart 83 except for a 3 month period in 1959.
Total 63 36 27.0 43% col. I: percent cumulative gap
Group 3 34.5 21.5 62% col. I: percent cumulative gap
Group 4 28.5 5.5 19% col. I: percent cumulative gap

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker Health for factual accuracy or applicability
within the requirements of 42 CFR 82.
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Table 6-6: Review of Internal Dose for 20 Highly Exposed RFP Workers

Review of 20 RFP highly exposed workers' DOE files for Bioassays During 1952-1992

During 1952-1963 During 1964-1992
ID # E;{) ' ngt EEmng emp.# | #of | #ofyears | % of emp. #of | #ofyears | % of Notes

' years | years | w/o bio time | #years | years | wi/o bio time
1 3 50s 90s 6 6 0.0 100% 29 29 0.0 100%
2 3 50s 80s 9.5 9.5 0.0 100% 20 20 0.0 100%
3 3 50s 70s 9 9 0.0 100% 14.5 14.5 0.0 100%
4 3 60s 80s 2.5 2.5 0.0 100% 19 19 0.0 100%
5 3 50s 80s 8 8 0.0 100% 24 23 1.0 96% | Could not find 1987
6 3 50s 90s 5 5 0.0 100% 30 30 0.0 100%
7 3 50s 90s 6 6 0.0 100% 34.5 34.5 0.0 100%
8 3 50s 80s 9 9 0.0 100% 21 21 0.0 100%
9 3 50s 80s 8.5 8.5 0.0 100% 24 24 0.0 100%
10 3 50s 60s 11 10 1.0 91% 5.5 5.5 0.0 100% | Could not find 1953
11 4 50s 80s 7.5 7 0.5 93% 21 21 0.0 100% | Could not find 1956
12 4 50s 80s 7.5 7.5 0.0 100% 25 25 0.0 100%
13 4 50s 90s 7.5 7.5 0.0 100% 29 29 0.0 100%
14 4 50s 70s 9.5 9.5 0.0 100% 11.5 11.5 0.0 100%
15 4 50s 80s 6 6 0.0 100% 19 19 0.0 100%
16 4 50s 80s 10.5 10.5 0.0 100% 22 22 0.0 100%
17 4 50s 70s 5.5 5.5 0.0 100% 8 8 0.0 100%

Non Rocky Flats employment -not
L >0s >0s 0.33 0 0.3 included iZ analysis Py
18 4 50s 80s 8 8 0.0 100% 22 22 0.0 100%
Non Rocky Flats employment - not

o 30s 60s 8 8 0.0 included ir}ll analysis e
19 4 60s 80s 2 2 0.0 100% 24.5 24.5 0.0 100%
20 4 60s 70s 4 4 0.0 100% 14.5 14.5 0.0 100%

(# of years rounded off to nearest 0.5 years)
(The vast majority were urinalyses; a few years were from WBC.)
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ATTACHMENT 7: NIOSH BADGING PRACTICES FOR PERSONNEL
AT THE ROCKY FLATS PLANT

The following statement was originally interpreted to mean that all personnel were badged:

In 1964, we were able to incorporate the dosimetry badge with the security
badge. This was an improvement from the standpoint of assuring the employee
was indeed wearing a badge while working on the job. (Putzier 1982, p. 2.)

Dosimeters were issued to personnel likely to be exposed:

All Q-cleared non-Dow personnel associated with construction projects, such as
architect-engineers, engineering firms, contractors, etc., will be issued film
badges when deemed necessary by [Name]. (Mann 1967)

Film badges are issued to all contractor personnel who must enter areas where
the exposure to x-rays, gamma rays, and neutrons is likely to exceed 10 percent of
the guide value for occupational exposure. (Owen 1968)

However, subcontractor personnel with low exposure potential may not have been issued a
dosimeter:

6.15.1 Conditions where General Health Physics Surveillance is Not Required

a. In areas where penetrating radiation levels are not likely to exceed an average
of 0.2 mrem/hr., outside contractor personnel may be utilized. Film badges will
not be provided under these conditions unless, on advice of Health Physics,
badging is desired for assessing a possible criticality exposure. (Putzier 1970,
Section 5.1.7)

The badged population was expanded:
Health Physics is going to expand the film badge coverage of personnel on the
plant site. At your earliest possible convenience, please give us a list of the people
who comprise your pertinent organization: Rocky Flats Employees' Credit Union,

Dow-Rocky Flats mail department, Szabo Food Services. (Mann 1968)

As the site transitioned from film badges to TLDs, a combined badge incorporating a TLD was
developed:

The new combined dosimetry-security badge arrived..., (Falk 1971)
In 1974, all prime contractor and government personnel were badged:

Starting January 1974, we have issued all employees on plant site (Dow and
AEC) a TLD dosimeter. (Lagerquist 1974a)

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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Beginning July 1, 1974, we are implementing a new policy where everyone on
plant site will wear a radiation dosimeter (TLD) badge at all times. (Lagerquist
1974b)

Visitors that entered the controlled areas were badged:

There are five different kinds of visitors to the plant site. ... Our TLD program
currently handles these groups as follows... (Lagerquist 1975)

However, there is no indication that the 1970 policy for subcontractors was changed.
This continued through 1990, at which time the policy was changed:

Specifically, effective January 1, 1991, dosimeters will not be distributed to
everyone, and dosimeters will stay on plantsite. (Jens 1990)

ORAU performed an analysis on 1046 RFP claimants. This analysis reflects a significant
increase in the proportion of employees monitored in 1964 (from 75% to 93%) consistent with
increased badging. The increase in 1974 (from 94% to 98%) is much more consistent with a
"tightening-up" process.

References:

Falk 1971, Roger B. Falk, Status Report to John Mann, May 11, 1971.

Jens, J.P. 1990, J.P. Jens memo to All EG&G Employees, Contractors and Subcontractors,
December 4, 1990.

Lagerquist, C.R. 1974a, C.R. Lagerquist memo to E. A. Putzier, February 22, 1974.

Lagerquist, C.R. 1974b, C.R. Lagerquist memo to all supervision, June 28, 1974.

Lagerquist, C.R. 1975, C.R. Lagerquist memo to E. A. Putzier, December 29, 1975.

Mann 1967, John Mann memo to R. H. Miller and C. H. Salisbury, July 20, 1967.

Mann 1968, John Mann memo to L. Finfrock, J. Seastone, and T. Wilhelm, November 22, 1968.
Owen 1968, J. B. Owen memo to C. H. Salisbury, December 10, 1968.

Putzier, E.A. 1970, “Health Physics Guide for Rocky Flats Division,” first issued July 1961,
reviewed January, 1967, and re-issued January, 1970.

Putzier, E.A., 1982, The Past 30 Years at the Rocky Flats Plant, Rockwell International, Golden,
Colorado, November 1982.
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ATTACHMENT 8: NIOSH RESPONSE ON QUALITY
ASSURANCE/QUALITY CONTROL OF THE NEUTRON DOSE
RECONSTRUCTION PROJECT DATABASE

Submitted by Brant Ulsh, NIOSH
October 4, 2006

Question:

Is NIOSH aware of any QA/QC or third party reviews that been done to validate the NDRP
database? With ongoing concern over data reliability, we just wanted to verify whether this has
been done.

Response:

While funding did not permit a third party QA/QC review of the Neutron Dose Reconstruction
Project (NDRP) database, the ORAU Team is confident that the extensive internal QA/QC
procedures employed adequately assured the quality of the data. These procedures are described
below.

The overall process was regularly reviewed by the Scientific Advisory Committee that oversaw
the Rocky Flats Neutron Dose Reconstruction Project, consisting of the following members:
Dale Hankins, Dr. Henry Spitz, Dr. Bryce Breitenstien, Dr. James Ruttenber, Dr. Thomas Borak,
Dr. Warren Galke, Jack Weaver, Dr. Kenneth Skrable, Dr. Terry Lynn Thomas, and Dr. Edward
Gillette. In addition, the project included oversight from DOE/Rocky Flats and
DOE/Headquarters officials.

QA/QC Procedures for Neutron Dose Reconstruction Project (from Joe Aldrich, NDRP)

Prior to data entry of any type, each and every data sheet retrieved was assigned its own unique
ID number and filed in a manner by which it could be consistently filed, tracked, and
inventoried. All records that were retained for the NDRP were controlled through the use of a
chain-of-custody logbook.

Initially, an original data sheet was entered into electronic data fields within a database under
what we defined as “condition of discovery.” In other words, we did not attempt to modify or
change any data, names, badge numbers, issue/return dates, etc.

Data entry was performed following training to a work guidance instruction (procedure). Each
project staff member who performed any task was required to read, sign, and be trained by an
NDRP staff member prior to performing a task without direct supervision.

Daily QC of data entry was performed in this manner: An original data sheet (there were several
types of data sheets electronically retained) was checked out of the storage file cabinet via the
chain-of-custody logbook. The data entry person would then log into the NDRP database using

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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passwords, and depending on the level of training and the task, the data entry personnel were
restricted to certain sections of the NDRP database.

All data entry was performed one original data sheet at a time. Once all of the required data had
been entered, the procedure required the data entry person to print out an electronic hard copy of
this equivalent original data sheet. The electronic data sheets were formatted for ease of QC.
The data entry person was then required to review and correct any errors they recognized to
exactly match the original data sheet. If any corrections were made, then a second electronic
hard copy data sheet was printed from the system. The final initial data entry electronic hard
copy was dated and initialed by the first data entry person. The original data sheet was returned
to the storage cabinet and logged back in through the chain-of-custody logbook. The
electronically printed copy was then rotated (assigned) to a second data entry person. The
second person would then retrieve the original data sheet via the log-out procedure, go into the
NDRP database, and review the electronic data, the printed sheet, and the original data sheet for
any discrepancies. If any errors were identified, the second data entry person would then make a
correction in the database and print out another electronic hard copy, which was then attached to
the first electronic hard copy. Once that was achieved, the second data entry person had to date
and initial either the first electronic copy if there were no errors, or the second electronic copy to
denote the initial errors and the corrections. Once this had been completed, the original data
sheet was returned to the storage cabinet via the chain-of-custody procedure. The final
electronic copy and/or the dual electronic copies were given to an NDRP staff member, who then
reviewed performance of data entry personnel, proper documentation, and checked 10% of all
data entries for accuracy and completeness. In summary, there were at least two full levels of
routine QC on all data entry and a 10% QC check on error sheets and other data providing a third
level of internal QC.

There were two other QC checks that occurred later in the project, but were not identified as
such. In an effort to create timelines for each individual who had been assigned a dosimeter, it
became apparent that extensive effort was required to ensure that the worker’s name was spelled
the same, their employee number was consistent, and that badge numbers were properly assigned
to the correct worker for the correct wear periods. This is the point in which the NDRP final data
is different than the original condition of discovery. During this process of creating timelines
and calculating doses, a very few minor data entry errors were recognized and corrected. The
second place where a very few minor data entry errors were discovered was during the statistical
analysis and creation of the neutron-to-gamma ratios. When a neutron-to-gamma ratio and/or a
gamma-to-neutron ratio were found to be greater than 10:1 or 1:10 respectfully, the original raw
data was revisited for accuracy and corrected, if appropriate.

Through the duration of the project, there were three separate subcontracts for assistance with
differing aspects. Dr. Thomas Borak and Sean Stanfield (NDRP) performed the initial effort to
identify the viability of using neutron-to-gamma ratios in the absence of other data.

[Name] performed an onsite evaluation, wrote some initial guidelines, and assisted with
implementation of processes comparable to DOELAP external dosimetry accreditation for film
dosimetry. Dr. Phillip Chapman [NDRP] performed all of the statistical analysis and wrote all
four statistical appendices to the NDRP protocol.
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Samples of these initial data-capture processes have been retained in long-term storage at Oak
Ridge, if needed.
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ATTACHMENT 9: REVIEW OF NIOSH’S RFP EXTERNAL DOSE
RECONSTRUCTION FOR HYPOTHETICAL CASES A, B, & C

Case A Hypothetical Neutron Dose Assignment for Monitored Worker pre-1970
Missed Dose Zeros Assigned for Blanks and Reported Zeros
ORAUT-OTIB-0050 Applied to Photons and Neutrons 1970-1976

Selection Criteria

e Hypothetical Radiation Monitor: worked from 1962 through 1989 in Buildings 771, 776,
and 707, and was exposed to photons and neutrons.

e Neutron Dose Reconstruction Project (NDRP) dose evaluation available for the years
pre-1971.

e Missed dose zeros were assigned for years prior to 1977 with blanks.
e ORAUT-OTIB-0050 was applied to the years 1970 through 1976 to calculate photon and

neutron dose.

NOTE: Because assigned neutron doses for 1970-1976 are based on the applicable neutron-
to-photon ratios, potential photon exposures have also been evaluated and included in the
overall external dose estimate.

Cancer Description

Prostate (ICD-9 185)

Employment (Rocky Flats Plant)

Start: 1962
End: 1989
Approach

Likely non-compensable (i.e., < 50% POC)

Work History

NOCTS: Radiation Monitor
DOB: 1926, Diagnosis Date: 2000
Dosimetry Data: NDRP neutron data through part of 1970, neutron dose data

reported again from 1977 through end of employment, no neutron
dose reported 1970-1976.
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Data Summary

External Reported Whole Body Dose® Reconstructed Organ Dose
Start  End Deep Photons Neutrons Deep  30-250 keV  All Energy
(y1) (v1) Total 30-250 keV All Energy | Total Photons Neutrons

y y (rem) (rem) (rem) (rem) (rem) (rem)
1962 1989 | 26.768 12.699 14.069 53.972 20.279 33.693

a.

Includes NDRP data (ORISE 2005), ORAUT-OTIB-0027, and ORAUT-OTIB-0050 de-
convoluted data and post-1976 data.

Probability of Causation (POC)

Based on assumptions applied, 37.02%

SC&A’s Evaluation

A number of issues raised by SC&A in their review of the external dose TBDs and OTIBs for
RFP dose reconstruction are encountered in this dose reconstruction case as well. In addition,
there are several areas where clarification is needed to determine claimant favorability.

(1

)

3)

Single n/p value used for 1970-1976: The single n/p value recommended in ORAUT-
OTIB-0050 (ORAUT 2005c¢) for 1970-1976 is the average n/p value of 0.42 derived
from 1977-2000 dose data at the RFP. There are no adjustments provided for variations
in n/p values for different work locations during 1970-1976. The only justification for
selecting the 1977-2000 data is provided on page 8 of ORAUT-OTIB-0050, where it
states that the NDRP project staff indicated that data for the period from 1977 to the
present [2000] should be used to determine an n/p ratio for the period from 1970-1976.
It has not been demonstrated that the operating conditions and resulting radiation fields
were constant for all workers and locations during 1970-1976, or that they matched the
period of 1977-2000. This is in contrast to the NDRP, which provides different n/p
values for each year and different locations for 1952-1969 (ORAUT 2005b).

Completeness of NDRP data for 1962-1969: SC&A found significant time gaps in the
NDRP data during their recent review of the Department of Energy (DOE) files for 12
randomly selected RFP dose reconstruction cases. These time gaps were sometimes over
a year, and in some cases even 5 years, in length and generally followed the photon film
time gaps in the records. Because there are significant gaps in the photon film badge
data, it is expected that there will be that many, or more, gaps in the neutron NTA films
for the NDRP reread program. Therefore, assuming that there are complete NDRP data
for 1962—-1969 would not be realistic for some actual workers’ cases.

102 photon vs. 85 neutron zeros: In this dose reconstruction case, why were there 102
dosimeter cycles where a zero was assigned for photons and only 85 for neutrons?
Usually, if workers are only monitored for one radiation, they are more likely monitored
for only photons rather than only neutrons. Rarely are they ever monitored only for
neutrons. Additionally, the attachment labeled “External case #1, missed zeros.xls” lists
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4

©)

the photon actual zeros applied. The total of this column is 93, compared to 102 listed in
the text; for neutrons it lists a total of 69 zeros compared to 85 listed in the text. Why is
this?

Zeros in dose of record: In this dose reconstruction case a potentially missed dose was
assigned to each actual or potential dosimeter cycle where a zero was reported to provide
a claimant-favorable estimate of the potential external doses received. If the dosimeter is
actually worn for two periods and then read and recorded, the suggested procedure
represents a claimant-favorable approach. However, there is no way to be certain that the
badge was not lost, damaged, or unreturned if the dose of record shows No reading, No
Current Data Available, or Zero and no other information concerning the data entry is in
the worker’s file. Assigning a missed dose based on LOD is not acceptable for lost,
damaged, or unreturned badges as it in no way reflects the actual dose received.
Assignment of dose based on adjacent readings is possible, if there are no
incidents/accidents (such as fires) during the unmonitored periods to create abnormal
exposures. This situation could lead to SEC issues unless documented evidence exists
that correctly assigns dose during this period.

Dose to organ dose conversion: Although it may be correct, it is not clear how the 30—
250 keV photon reported WB dose of 12.699 rem + 3.443 rem maximum missed dose
(16.142 rem total) is converted to 20.279 rem organ dose (prostate) using the maximum
organ dose conversion factor (DCF) of 1.244 provided in the table in the dose
reconstruction case (i.e., 16.142 rem x 1.244 =20.081 rem). Likewise for neutrons,
14.069 rem + 8.811 rem = 22.880 rem vs. 33.693 rem organ dose using a maximum DCF
of 1.361 (i.e., 22.880 x 1.361 = 31.140 rem).

These items are most likely not SEC issues (zero entries could be if proper information is not
available), but they need to be addressed from a site profile basis to ensure claimant favorability.

Case B

Application of Glove Box Geometry Factor per OCAS-TIB-0010 and
ORAUT-OTIB-0050 Applied to Photons and Neutrons 1970-1976

Selection Criteria

Hypothetical Chemical Operator and QA Inspector: worked 1960 through 1989 in 771,
776,777,778, 707, 881, 991 and was exposed to photons, electrons, and neutrons.

NDRP dose evaluation available for the years pre-1971.

ORAUT-OTIB-0050 was applied to the years 1970 through 1976 to calculate photon and
neutron dose.

Cancer Description

Prostate (ICD-9 185)

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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Employmen

t (Rocky Flats Plant)

Start:
End:

Approach

Likel

1960
1989

y compensable (i.e., > 50% POC)

Work History

NOCTS: Chemical Operator and Inspector
DOB: 1922, Diagnosis Date: 1996
Dosimetry Data: Photon and/or penetrating dose data throughout employment.
NDRP neutron data through part of 1970, neutron dose data
reported again from 1977 through end of employment, no separate
neutron dose reported 1970-1976.
Data Summary
External Reported Whole Body Dose® Reconstructed Organ Dose
Photons Neutrons 30-250 keV  All Energy
S(tar;t I(Enrc)i De?fe;(;tal 30-250 keV  All Energy De«(—:-Pe;gtal Photons Neutrons
y y (rem) (rem) (rem) (rem)
1960 1989 |42.365 28.123 14.242 94.889 53.952 40.937
a.  Includes NDRP data (ORISE 2005), ORAUT-OTIB-0027 and ORAUT-OTIB-0050 de-convoluted data and
post-1976 data.
Probability of Causation (POC)

Base

d on assumptions applied, 59.03%

SC&A’s Evaluation

This case is similar to case A, except it includes the use of gloveboxes. The same concerns (1-5)
as stated in case A apply to this case also. Additionally, concerns with applying ORAUT-

OCAS-TIB-

0010 (OCAS 2005b) need to be addressed.

(1) Correction factor only applied to 8 out of 30 years: In the dose reconstruction of this
case, it states that “The DOE dosimetry and the interview records indicate that the EE
likely worked with plutonium in gloveboxes over his entire employment... The factors
ranged from 1.90 to 16.2 (with no extremity dose reported for 1972) and provide
additional confirmation that glovebox work was performed.” However, in the same
paragraph, it states “The glovebox correction factor was applied only to those years
where the annual average factor exceeded 2.19 (the geometric mean correction factor
from OCAS 2005b) and it was clear that he was working as a chemical operator in a
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plutonium building.” This included all years of employment from 1960 through 1969
except for 1961. It then states “The factor was not applied to later years even though the
ratio data, dosimetry incident records and telephone interview would indicate glovebox
use.” This would indicate that this worker’s dose was only corrected for working in a
glovebox for 8 out of 30 years, although all records indicate that he worked most of the
30 years using a glovebox where his prostate would have received a higher dose than
dosimeters located on the truck of the body. This would appear to underestimate the
worker’s dose and not be claimant favorable.

Selected years not listed in OCAS-TIB-0010: The dose reconstruction case states “The
photon correction factor of 2.19 for photons and neutrons was applied to the selected
years as provided in the Technical Information Bulletin, OCAS-TIB-0010: Special
External Dose Reconstruction Considerations for Glovebox Workers” [emphasis added].
A search of OCAS-TIB-0010 does not indicate any use of selected years. Could this be
explained?

These items are most likely not SEC issues, but they need to be addressed from a site profile
basis to ensure claimant favorability.

Case C Coworker Unmonitored Dose Assigned per Draft ORAUT-OTIB-0058

Correction Factor for Lead Lined Apron Applied per Draft Rocky Flats
Plant External TBD, Table 6-8

Selection Criteria

Hypothetical Research Engineer and Inspector: worked 1961 through 1982 in 707, 771,
776,777,991, and 881and was primarily exposed to photons and neutrons.

Unmonitored for Two Years of Employment

Utilized a Lead Apron During a Portion of Employment. Cancer not covered by apron,
badge worn under apron.

NDRP dose evaluation available for the monitored years pre-1971.

Cancer Description

Brain (ICD-9 Code 191.2)

Employment (Rocky Flats Plant)

Start: 1961
End: 1982
Approach

Likely non-compensable (i.e., < 50% POC)
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Work History

NOCTS: Research Engineer, QA Inspector
DOB: 1916, Diagnosis Date: 2002

Dosimetry Data: No dosimetry data for 1968 and 1973. NDRP neutron data through
part of 1970, neutron dose data reported again from 1977 through
end of employment, no neutron dose reported 1971-1976. Photon
dosimetry data for all years except unmonitored 1968 and 1973.

Data Summary

External Reported Whole Body Dose® Reconstructed Organ Dose”
Start End Dose Photons Photons Neutrons Dose Photons Photons Neutrons
yr) () | Fotal <30kev 30-250kev AllEnergy | Total <30keV 30-250keV All Energy
y y (rem) (rem) (rem) (rem) (rem) (rem) (rem) (rem)
1961 1982 | 4.470 0.178 2.419 1.873 33.214 0.395 19.343 13.476

a. Includes NDRP data (ORISE 2005), ORAUT-OTIB-0027, and ORAUT-OTIB-0050 de-convoluted data and post-
1976 data, lead apron correction factors.

b. Includes in addition, maximized missed dose, unmonitored dose, DCF and ICRP multipliers and ORAUT-OTIB-
0027 uncertainty correction factors.

Probability of Causation (POC)

Based on assumptions applied, POC = 26.07%

SC&A’s Evaluation

This case is similar to case A, except it includes the use of lead aprons. The same concerns (1-5)
as stated in case A apply to this case also. Additionally, concerns with correcting for the use of
lead aprons need addressed.

(1) Small attenuation factor for low-energy photons: In the dose reconstruction of this case,
it states that, “A correction factor of 1.15 was applied to the reported deep dose and a
factor of 1.11 was applied to the reported shallow dose in accordance with Table 6-8 of
Rev. 1-Draft A of ORAUT-TKBS-0011-6 (ORAUT 2006b). These correction factors
appear very small in comparison to the attenuation of low-energy photon in Pb and to
Pantex’s reported (Passmore 1995) reduction of 57% in photon dose (57% would
correspond to an average energy of approximately 175 keV as derived from data in GPO
1970, pg. 138). Photons below 40 keV are all essentially stopped by 0.45 mm of Pb. A
brief summary of photon attenuation as derived from data in the Radiological Health
Handbook (GPO 1970, pg. 138) is as follows:
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keV Attenuation keV Attenuation
<40 100% 400 11%
150 63% 600 6%
200 40% 700 5%
300 19%

In contrast, a photon attenuation of 15% as used in this case would correspond to an
average energy of approximately 350 keV, whereas the dose reconstructor assigned the
photon energies to <250 keV.

SC&A agrees that adjustments for the wearing of Pb aprons can be made, but does not
currently see where the small adjustment factor of 0%—15% is appropriate for a worker at
the RFP. While this is not a SEC issue, it is of site profile dose reconstruction concern and
could lead to underestimate of worker dose.

(2) Revised ORAUT-TKBS-0011-6: This dose reconstruction case refers to Table 6-8 in
ORAUT-TKBS-0011-6, Technical Basis Document for the Rocky Flats Plant —
Occupational External Dosimetry, Rev 01-Draft A, February 15, 2006. This new version
of TBD-6 could not be found on the NIOSH/OCAS web site or the O-drive to verify the
information used in the dose reconstruction. SC&A did find a Table 6-8 in the very
recent release of Rev. 01 of ORAUT-TKBS-0011-6, February 8, 2007. This table lists
bias correction factors for wearing a lead apron as 1 for shallow and deep photon doses
for all cases, except when the badge was worn under the apron the correction factor is 1.2
for deep dose in unprotected areas only. If the values in this table are correct, the energy
of the photons must have been relatively high (>600 keV) and therefore the apron was no

use if it did not attenuate the photon dose received by the dosimeter (which is to represent

the dose that the body received).

These items are most likely not SEC issues, but they need to be addressed from a site profile

basis to ensure claimant favorability.

Summary

The above list of concerns was derived from analyzing the dose reconstruction cases to
determine if the procedures were claimant favorable and reasonable. The details of each dose
assigned for each dosimetry period were not feasible with the information and data sheets

supplied. Therefore, the processes and accumulated doses were addressed to determine if they
were claimant favorable.
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DOSE RECONSTRUCTION EXAMPLE: CASE A
Hypothetical Neutron Dose Assignment for Monitored Worker Pre-1970
Missed Dose Zeros Assigned for Blanks and Reported Zeros
ORAUT-OTIB-0050 Applied to Photons and Neutrons 1970-1976

Selection Criteria

e Hypothetical Radiation Monitor: worked 1962 through 1989 in 771, 776, 707, and was
exposed to photons and neutrons.

e NDRP dose evaluation available for the years pre-1971.
e Missed dose zeros were assigned for years prior to 1977 with blanks.
e ORAUT-OTIB-0050 was applied to the years 1970 through 1976 to calculate photon and

neutron dose.

NOTE: Because assigned neutron doses for 1970-1976 are based on the applicable n/p
ratios, potential photon exposures have also been evaluated and included in the overall
external dose estimate.

Cancer Description

Prostate (ICD-9 185)

Employment (Rocky Flats Plant)

Start: 1962
End: 1989
Approach

Likely non-compensable (i.e., < 50% POC)

Work History

NOCTS: Radiation Monitor
DOB: 1926, Diagnosis Date: 2000
Dosimetry Data: NDRP neutron data through part of 1970, neutron dose data

reported again from 1977 through end of employment, no neutron
dose reported 1970-1976.
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Data Summary

External Reconstructed Organ Dose Reported Whole Body Dose®
(C1) 30-
Photons Neutrons All Energy
250 keV
S(tar;t I(Enr? Dec(erpe;(;tal 30-250 keV  All Energy De(efe;c))tal € Neutrons
y y (rem) (rem) Photons (rem)
(rem)
1962 1989 26.768 12.699 14.069 53.972 20.279 33.693
a. Includes NDRP data (ORISE 2005), ORAUT-OTIB-0027, and ORAUT-OTIB-0050 de-convoluted data

and post-1976 data.

Probability of Causation (POC)

Based on assumptions applied, 37.02%
Narrative

The EE worked as a radiation monitor in Buildings 707, 771, 776, and 779 according to records
provided by the Department of Labor (DOL), DOE, and the telephone interview. His primary
exposure would have been to photons and neutrons with some potential for electrons. However,
external electron radiation was not considered in this dose reconstruction, because it would not
have added dose to the cancer site. In addition, the non-penetrating recorded dose was applied as
<30 keV photons as appropriate for plutonium facilities. The external dose to the prostate and
associated organ DCFs in this evaluation are based on those of the bladder presented in ORAUT-
OTIB-0005 (ORAUT 2006a).

Radiation Type, Energy, and Exposure Geometry

The records supplied by the DOE and the interview process indicate the EE worked at various
plutonium facilities, thus a plutonium facility spectra was chosen. The EE’s exposure geometry
was assumed to be consistent with the specific dosimetry parameters applicable to the RFP as
described in the Technical Basis Document for the Rocky Flats Plant — Occupational External
Dosimetry, ORAUT-TKBS-0011-6 (Langsted 2004). For determination of dose to the prostate,
and to ensure claimant favorability, both 30-250 keV photon doses (based on the reported deep
dose measurements) and <30 keV photon doses (based on the reported shallow dose
measurements) have been applied.

In accordance with the NIOSH External Dose Reconstruction Implementation Guideline, OCAS-
IG-001 (OCAS 2005a), DCFs appropriate for the era were used to calculate the dose to the
prostate from exposure to photon and neutron radiation. This exposure assumes 100% anterior-
posterior (AP) geometry. For photons and neutrons, a claimant-favorable organ DCF of 1 or
greater was applied for all energy ranges except <30 keV photons. Plutonium-specific DCFs
were used for <30 keV photons. In OCAS 2005a, organ DCFs are tabulated by averaging the
energy specific values from ICRP 74 (1996) over the IREP photon energy range. The lowest
photon energy interval in the Interactive RadioEpidemiological Program (IREP) is categorized as
less than 30 keV. Plutonium emits several x-rays in this energy range; however, a simple
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average as used in the Implementation Guideline may not result in the most accurate DCF. For
plutonium work, the average x-ray energy is approximately 17 keV. As a result, using the
20keV as a claimant-favorable single-point estimate is most appropriate. Since the low-energy
photon dose to glovebox workers, laboratory technicians, maintenance workers, metallurgical
operators, and D&D workers is predominately in the AP geometry (Langsted 2004), single-point
estimate values using AP geometry were calculated for 16 organs listed in ICRP 74. Some
workers (site support personnel, chemical operators when not working with gloveboxes, support
personnel, radiation technicians) were estimated to have received varying amounts of non-AP
dose (Langsted 2004). Since there is significant uncertainty in the individual exposure geometry
and AP geometry is generally claimant favorable or neutral compared to other geometries for
most cancers, an AP geometry is applied for all <30 keV photon exposures.

For neutrons, additional correction factors, which incorporate the energy range fractions and
ICRP 60 correction factors, were applied in accordance with Langsted 2004. The Effective DCF
is the result of multiplying all applicable factors together, and the reported and missed dose for
photons and neutrons was multiplied by the Effective DCFs listed in the tables below.

Factors Used for External Dose Calculations (1962 to 1982)

Photons Neutrons
Energy Range <30keV 30-250keV <10keV 10-100keV ~ 100keV-2MeV  2-20MeV
Energy Fraction 100% 100% — — — —
ICRP 60 CF N/A* N/A* 0.0851 0.0342 1.3614 0.3271
Organ DCF 0.088 1.244 2.633 1.291 1.000 1.170
DCEF Efective 0.088 1.244 0.224 0.044 1.361 0.383
*Not applicable

Factors Used for External Dose Calculations (1983 to 1989)

Photons Neutrons
Energy Range <30keV 30-250keV <10keV 10-100keV ~ 100keV-2MeV  2-20MeV
Energy Fraction 100% 100% — — — —
ICRP 60 CF N/A* N/A* 0.0851 0.0342 1.3614 0.3271
Organ DCF 0.146 1.000 2.301 1.268 1.000 1.105
DCF Ettective 0.146 1.000 0.196 0.043 1.361 0.361
*Not applicable

To account for uncertainty in the dosimetry readings, additional factors appropriate for the era
were applied to the reported photon dose (1962 through 1969) and neutron dose (1977 through
1989) from site-specific guidance provided in Table 4-2 of the Technical Information Bulletin:
Supplementary External Dose Information for Rocky Flats Plant (ORAUT 2005a).

Neutron doses from 1962 through 1969 that were determined by the ORAUT 2005b were
applied as a normal distribution with propagated error per guidance in the Technical Information
Bulletin: Use of Rocky Flats Neutron Dose Reconstruction Project Data in Dose
Reconstructions, ORAUT-OTIB-0050 (ORAUT 2005¢). Neutron doses estimated for the era

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
Health for factual accuracy or applicability within the requirements of 42 CFR 82.



Effective Date: Revision No. [Document No. Page No.
April 27, 2007 0 — Draft SCA-SEC-TASKS5-0052, Volume 2 126 of 537

1970 through 1976 were calculated using n/p ratios as directed in ORAUT 2005¢ and applied as
lognormal distributions with a geometric standard deviation (GSD) of 3.

Prior to 1964, reported neutron dose resulting from neutrons below approximately 800 keV
probably was not detected (Langsted 2004, ORAUT 2005a). Thus, all non-affected original
neutron dose reported by the NDRP prior to 1964 was multiplied by an additional factor of 2.5 to
correct for the potential unmonitored neutron bias.

Dosimeter Dose

Individual dosimeter results were used to reconstruct the EE’s dose. Corrections to the reported
doses were applied as described above. The dose from both 30-250 keV photons and <30 keV
photons was estimated using algorithms from ORAUT 2005a. Claimant-favorable assumptions
have been made for 1970, since it was a transition year between two different dosimeter types
(Langsted 2004, ORAUT 2005a).

The NDRP re-evaluation of individual dosimetry data through 1970 provided complete detailed
neutron dosimetry data through 1969 and was used as reported (ORAUT 2005b), per guidance in
ORAUT 2005c. Neutron data for 1970 was not complete so n/p doses were estimated for the
era 1970 through 1976 using neutron to photon ratios as directed in ORAUT 2005c.

Potential Missed External Dose

Because individual dosimeter results were not always available to reconstruct the EE’s potential
missed external dose for the period 1962—-1976, an analysis of dosimeter results during the EE’s
employment period was used to assign potential missed photon and neutron doses for that period
(Langsted 2004, ORAUT 2005a).

A potential missed dose was assigned to each actual or potential dosimeter cycle where a zero
was reported to provide a claimant-favorable estimate of the potential external doses received by
the EE. A missed dose represents the dose that could have been received but may not have been
recorded due to the dosimeter detection limits or site reporting practices.

The total number of dosimeter cycles where a zero was assigned was 102 for photons. This
number was determined using the methodology described as follows. The actual number of
zeros found in the records was used for 1962 and 1963 as the dosimetry record was complete.
The claimant-favorable estimate of photon zeros for the years 1964 through 1976 was equal to
the maximum number of recorded or potential badge cycles minus the number of positive badge
reports. The maximum number of badge cycles was estimated either by the maximum exchange
frequency for this period as indicated in Table 6-2 (Langsted 2004), using a job title of radiation
monitor, or the exchange frequency in the dosimetry reports, whichever was greater. The actual
number of zeros present in the records was used for the years 1977 and forward, as all cycles
were reported in that era (Langsted 2004). These numbers were chosen to ensure that a claimant-
favorable estimate of zero badge reading was accounted for in this dose reconstruction. Based
on limit of detection information provided in the Technical Basis Document for the Rocky Flats
Plant (Langsted 2004), this results in a maximum potential missed dose for the EE of 3.443 rem

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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from 30-250 keV photon radiation. All missed dose was assigned as 30-250 keV photons, as
this is claimant favorable. Per the requirements of OCAS-1G-001 (OCAS 2005a), this value
was/these values were used as the 95" percentile of a lognormal distribution for the purpose of
calculating probability of causation.

Missed neutron doses were also calculated. The number of zero dosimeter cycles applied was 85
for neutrons. The number of zeros for the years inclusive of 1969 was determined by direct
inspection of the NDRP data present in the dosimetry records per discussions with RFP technical
staff and guidance in the ORAUT-OTIB-0050 (ORAUT 2005¢). The number of zeros for each
of the years 1970 through 1976 was set equal to that found for the photon zeros since dosimeters
of that era contained both photon and neutron sensing elements and were likely read at the same
frequency. The actual number of zeros present in the dosimetry data for the years 1977 forward
was used (Langsted 2004). Based on limit of detection information provided in ORAUT 2006b,
this results in a maximum potential missed dose for the EE of 8.811 rem to the prostate from
neutron radiation. Per the requirements of the OCAS-IG-001, this value was used as the 95™
percentile of a lognormal distribution for the purpose of calculating probability of causation.

Summary

The total assigned photon dose (20.279 rem) and neutron dose (33.693 rem) based on the
approach described in this evaluation is considered a reasonable overestimate, erring on the side
of claimant favorability for potential missed external dose, the application of DCFs of one or
greater, and claimant-favorable estimates of uncertainty for photon doses and non-NDRP neutron
doses other than 1970-1976. Specifically, the estimate of potential badge cycles reporting zero
dose was overestimated and the estimate of neutron dose for the period of 1970-1976 [was an
overestimate].

If the facts surrounding this dose reconstruction change (e.g., the date of diagnosis is modified,
an additional covered cancer is diagnosed, or additional covered employment is identified), the
efficiency measures used to reconstruct the dose may not be applicable. In this case, if the facts
were to change, the dose reconstructed for the prostate could be lower than that reported using
the efficiency process.

Note: The IREP input tables are available from SC&A or NIOSH for this case if needed.

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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DOSE RECONSTRUCTION EXAMPLE: EXTERNAL DOSE CASE B

Application of Glove Box Geometry Factor per ORAUT-OTIB-0010
ORAUT-OTIB-0050 Applied to Photons and Neutrons 1970-1976

Selection Criteria

e Hypothetical Chemical Operator and QA Inspector: worked 1960 through 1989 in 771,
776,777,778, 707, 881, 991 and was exposed to photons, electrons, and neutrons.

e NDRP dose evaluation available for the years pre-1971.

e ORAUT-OTIB-0050 was applied to the years 1970 through 1976 to calculate photon and
neutron dose.

Cancer Description

Prostate (ICD-9 185)

Employment (Rocky Flats Plant)

Start: 1960
End: 1989
Approach

Likely compensable (i.e., > 50% POC)

Work History

NOCTS : Chemical Operator and Inspector
DOB: 1922, Diagnosis Date: 1996
Dosimetry Data: Photon and/or penetrating dose data throughout employment.

NDRP neutron data through part of 1970, neutron dose data
reported again from 1977 through end of employment, no separate
neutron dose reported 1970-1976.

Data Summary

External Reported Whole Body Dose® Reconstructed Organ Dose
Deep Photons Neutrons All 30-250 ke All Energy
Start End Total 30-250 keV Energy Deep Total Photons Neutrons
(yr) (yr) (rem) (rem) (rem) (rem) (rem) (rem)
1960 1989 42.365 28.123 14.242 94.889 53.952 40.937

a. Includes NDRP data (ORISE 2005), ORAUT-OTIB-0027 and ORAUT-OTIB-0050 de-convoluted data and
post-1976 data.

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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Probability of Causation (POC)

Based on assumptions applied, 59.03%
Narrative

The EE worked as a chemical operator and inspector at various facilities within Rocky Flats,
primarily in Buildings 771, 776, and 707, but also in 777, 778, and occasionally in 881 and 991.
According to the interview records, the EE utilized gloveboxes both as an operator and when
inspecting production parts. His primary exposure would have been to photons and neutrons.
External electron radiation was not considered in this dose reconstruction because it would not
have added dose to the cancer site. <30 keV photons were also not considered so as to minimize
the dose estimate. The external dose to the prostate and associated organ DCFs in this evaluation
are based on those of the bladder as a surrogate organ, as presented in ORAUT-OTIB-0005
(ORAUT 2006a).

Radiation Type, Energy, and Exposure Geometry

The records supplied by the DOE and the interview process indicate the EE worked at various
plutonium facilities; thus a plutonium facility dose spectra was used in this dose reconstruction.
The EE’s exposure was assumed to be consistent with the specific dosimetry parameters
applicable to the RFP, as described in accordance with OCAS-IG-001. DCFs appropriate for the
era were used to calculate the dose to the prostate from exposure to photon and neutron radiation.
This exposure assumes 100% AP geometry.

For neutrons, additional correction factors, which incorporate the energy range fractions, and
ICRP 60 correction factors were applied in accordance with Langsted 2004. The Effective DCF
is the result of multiplying all applicable factors together, and the reported and missed dose for
photons and neutrons was multiplied by the Effective DCFs listed in the tables below.

Factors Used for Minimizing Pu Facility® (1960 to 1982)

Photons Neutrons
Energy Range | 30-250keV  >250keV <10keV 10-100keV ~ 100keV-2MeV  2-20MeV
Energy Fraction 85% 15% — — — —
ICRP 60 CF N/A® N/AP 0.0851 0.0342 1.3614 0.3271
Organ DCF 1.244 0.883 2.633 1.291 0.822 1.170
DCF Eftective 1.057 0.132 0.224 0.044 1.119 0.383

a. Maximum potential percentage of >250 keV photons used to minimize POC.
b. Not applicable

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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Factors Used for Minimizing Pu Facility® (1983 to 1989)

Photons Neutrons
Energy Range | 30-250keV  >250keV <10keV 10-100keV ~ 100keV-2MeV  2-20MeV
Energy Fraction 85% 15% — — —
ICRP 60 CF N/AP N/A® 0.0851 0.0342 1.3614 0.3271
Organ DCF 0.873 0.913 2.301 1.268 0.796 1.105
DCF Eftective 0.742 0.137 0.196 0.043 1.084 0.361

a. Maximum potential percentage of >250 keV photons used to minimize POC.
b. Not applicable

Neutron doses prior to 1970 that were determined by ORAUT 2005b were applied as a normal
distribution with propagated error per guidance in ORAUT-OTIB-0050 (ORAUT 2005c). Based
on inspection of the dosimetry record, neutron dose was incomplete for 1970 so neutron doses
estimated for the era 1970 through 1976 were calculated using neutron to photon ratios as
directed in ORAUT-OTIB-0050 and applied as lognormal distributions with a GSD of 3.

In order to minimize the calculated dose, the maximizing uncertainty correction factors from
ORAUT-OTIB-0027 (ORAUT 2005a) were not applied to photon or neutron dose.

Dosimeter Dose

Individual dosimeter results were used to reconstruct the EE’s dose. Corrections to the reported
doses were applied as described above. The dose from the 30-250 keV and > 250 photons was
estimated using algorithms from ORAUT 2005a). Minimizing assumptions have been made for
1970, since it was a transition year between two different dosimeter types (Langsted 2004).

The recent re-evaluation of individual dosimetry data through 1970 provided detailed neutron
dosimetry data and through 1969 and was used as reported,’ per guidance in ORAUT-OTIB-
0050 (ORAUT 2005c). The neutron data for the year 1970 was not complete so neutron and
photon doses were estimated for the era 1970 through 1976 using neutron to photon ratios as
directed in ORAUT 2005c.

The DOE dosimetry and the interview records indicate that the EE likely worked with plutonium
in gloveboxes over his entire employment. As discussed in the Technical Information Bulletin:
Special External Dose Reconstruction Considerations for Glovebox Workers, OCAS-TIB-0010
(OCAS 2005b), this could cause the recorded dose to be underestimated for an organ in the
lower body such as the prostate. To ensure that the correction factor was applied only to the
years when the EE likely received the majority of his recorded dose from working in gloveboxes,
an average annual ratio of wrist reported exposure to WB reported exposure was calculated for
each year. The factors ranged from 1.90 to 16.2 (with no extremity dose reported for 1972) and
provide additional confirmation that glovebox work was performed. The glovebox correction
factor was applied only to those years where the annual average factor exceeded 2.19 (the
geometric mean correction factor from OCAS-TIB-0010), and it was clear that he was working
as a chemical operator in a plutonium building. This included all years of employment from
1960 through 1969 except for 1961. The factor was not applied to later years even though the
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ratio data, dosimetry incident records and telephone interview would indicate glovebox use. The
photon correction factor of 2.19 for photons and neutrons was applied to the selected years as
provided in OCAS-TIB-0010.

A minimizing estimate of dose uncertainty for the years 1960 and 1962 through 1969 was
obtained for photons by applying the glovebox factor corrected dose as a lognormal distribution
with the GSD of the correction factor (1.34) only. The factor adjusted dose for neutrons for the
same years was applied as a normal distribution with the propagated uncertainty reported by the
NDR Project for the data also multiplied by the 2.19 factor.

Potential Missed External Dose

In accordance with the provisions of 42 CFR §82.10(k)(1), it was determined that the estimation
of other sources of dose was sufficient to consider the dose reconstruction complete. Because of
this, the potential missed external dose was not reconstructed.

Summary

The total assigned photon dose (53.952 rem) and neutron dose (40.937 rem) is based on the
partial dose reconstruction described in this evaluation. Per the provisions in 42 CFR
§82.10(k)(1),' it was determined that the partially reconstructed dose was of sufficient magnitude
to consider the dose reconstruction complete. That is, the partially reconstructed dose produced
a probability of causation of 50% or greater. The dose reported is an underestimate of the EE’s
total occupational radiation dose.

Note: The IREP input tables are available from SC&A or NIOSH for this case if needed.

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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DOSE RECONSTRUCTION EXAMPLE: CASE C

Coworker Unmonitored Dose Assigned per Draft ORAUT-OTIB-0058
Correction Factor for Lead Lined Apron Applied per Draft RFP External TBD, Table 6-8

Selection Criteria

e Hypothetical Research Engineer and Inspector: worked 1961 through 1982 in 707, 771,
776, 777,991, and 881 and was primarily exposed to photons and neutrons.

e Unmonitored for Two Years of Employment

e Utilized a Lead Apron During a Portion of Employment. Cancer not covered by apron,
badge worn under apron.

e Neutron Dose Reconstruction Project dose evaluation available for the monitored years
pre-1971.

Cancer Description

Brain (ICD-9 Code 191.2)

Employment (Rocky Flats Plant)

Start: 1961
End: 1982
Approach

Likely non-compensable (i.e., < 50% POC)

Work History

NOCTS : Research Engineer, QA Inspector
DOB: 1916, Diagnosis Date: 2002

Dosimetry Data: No dosimetry data for 1968 and 1973. NDRP neutron data through
part of 1970, neutron dose data reported again from 1977 through
end of employment, no neutron dose reported 1971-1976. Photon
dosimetry data for all years except unmonitored 1968 and 1973.

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
Health for factual accuracy or applicability within the requirements of 42 CFR 82.
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Data Summary

External Reported Whole Body Dose® Reconstructed Organ Dose”
Start  End Dose  Photons Photons NEI;JA\tII’IOHS Dose Photons Photons Nelglrlons
Total <30keV  30-250 keV Total <30 keV  30-250 keV
) ) (rem) (rem) (rem) Energy (rem) (rem) (rem) Energy
(rem) (rem)
1961 1982 | 4.470 0.178 2.419 1.873 33.214 0.395 19.343 13.476

a. Includes NDRP data (ORISE 2005), ORAUT-OTIB-0027, and ORAUT-OTIB-0050 de-convoluted data and
post-1976 data, lead apron correction factors.

b. Includes in addition, maximized missed dose, unmonitored dose, DCF and ICRP multipliers and ORAUT-
OTIB-0027 uncertainty correction factors.

Probability of Causation (POC)

Based on assumptions applied, POC = 26.07%
Narrative

The EE worked as a research engineer and QA inspector in various locations on the RFP site,
including Buildings 707, 771, 776, 777, 991, and 881. The work conducted in Buildings 771 and
776 was concerned with improving plutonium recovery and purification processes. He also
worked for a period of time in the mid-1970s as an inspector of various parts and components.
The work conducted in Building 881 was associated with enriched uranium. Based on this
information from the DOE files, his primary exposure would have been to photon and neutron
radiation, with a lesser potential for electron exposure. To maximize the applied dose in this
dose reconstruction, all years of employment were assumed at plutonium facilities and shallow
dose was applied as <30 keV photons. This is claimant favorable since potential external
electron exposure would not have added dose to the cancer site. The calculated external dose to
the brain in this evaluation is based on the use of thyroid as a claimant-favorable surrogate organ,
as presented in ORAUT-OTIB-0005 (ORAUT 2006a).

Radiation Type, Energy, and Exposure Geometry

The EE’s exposure geometry was assumed to be consistent with the specific dosimetry
parameters applicable to the Rocky Flats Plant as described in Langsted 2004. For determination
of dose to the brain, and to ensure claimant favorability, both 30-250 keV photon doses (based
on the reported deep dose measurements) and <30 keV photon doses (based on the reported
shallow dose measurements) have been applied.

In accordance with OCAS-IG-001, DCFs appropriate for the era were used to calculate the dose
to the brain from exposure to photon and neutron radiation. This exposure assumes 100% AP
geometry. For photons and neutrons, a claimant-favorable organ DCF of 1 or greater was
applied for all energy ranges except <30 keV photons. Plutonium-specific DCFs were used for
<30 keV photons. In OCAS-IG-001, organ DCFs are tabulated by averaging the energy specific
values from ICRP 74 (1996) over the IREP photon energy range. The lowest photon energy
interval in the IREP is categorized as less than 30 keV. Plutonium emits several x-rays in this
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energy range; however, a simple average as used in the Implementation Guideline may not result
in the most accurate DCF. For plutonium work, the average x-ray energy is approximately

17 keV. As aresult, using the 20keV as a claimant-favorable single-point estimate is most
appropriate. Since the low-energy photon dose to glovebox workers, laboratory technicians,
maintenance workers, metallurgical operators, and D&D workers is predominately in the AP
geometry (Langsted 2004), single-point estimate values using AP geometry were calculated for
16 organs listed in ICRP 74 (ICRP 1996). Some workers (site support personnel, chemical
operators when not working with glove boxes, support personnel, and radiation technicians) were
estimated to have received varying amounts of non-AP dose (Langsted 2004). Since there is
significant uncertainty in the individual exposure geometry and AP geometry is generally
claimant favorable or neutral compared to other geometries for most cancers, an AP geometry is
applied for all <30 keV photon exposures.

For neutrons, additional correction factors, which incorporate the energy range fractions and
ICRP 60 correction factors, were applied in accordance with Langstead 2004. The Effective
DCEF is the result of multiplying all applicable factors together, and the reported and missed dose
for photons and neutrons was multiplied by the Effective DCFs listed in the tables below.

PU Facility— Exposure (1961 to 1982)

Photons Neutrons
Energy Range <30keV 30-250keV <10keV 10-100keV  100keV-2MeV  2-20MeV
Energy Fraction 100% 100% — — — —
ICRP 60 CF N/A* N/A* 0.0851 0.0342 1.3614 0.3271
Organ DCF 0.352 1.440 1.803 1.079 1.125 1.186
DCF Effective 0.352 1.440 0.153 0.037 1.532 0.388

*Not applicable

To account for uncertainty in the dosimetry readings, additional factors appropriate for the era
were applied to the reported photon dose (1961 through 1969) and neutron dose (1977 through
1982) from site-specific guidance provided in Table 4-2 of ORAUT-OTIB-0027 (ORAUT
2005a).

Neutron doses from 1961 through 1969 that were determined by ORAUT 2005b were applied as
a normal distribution with propagated error per guidance in ORAUT-OTIB-0050 (ORAUT
2005¢). Neutron and photon doses estimated for the era 1970 through 1976 were calculated
using n/p ratios as directed in ORAUT-OTIB-0050 and applied as lognormal distributions with a
GSD of 3.

Dosimeter Dose

When available, individual dosimeter results were used to reconstruct the EE’s dose. Corrections
to the reported doses were applied as described above. The dose from both 30-250 keV photons
and <30 keV photons was estimated using algorithms from ORAUT-OTIB-0027 (ORAUT
2005a). Claimant-favorable assumptions have been made for 1970, since it was a transition year
between two different dosimeter types (Langsted 2004, ORAUT 2005a).

NOTICE: This report is pre-decisional and has not been reviewed by the Advisory Board on Radiation and Worker
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The NDRP re-evaluation of individual dosimetry data through 1970 provided complete detailed
neutron dosimetry data through 1969 and was used as reported (ORAUT 2005b), per guidance in
ORAUT-OTIB-0050. Neutron data for 1970 was not complete so n/p doses were estimated for
the era 1970 through 1976 using neutron to photon ratios as directed in ORAUT-OTIB-0050.

There were no dosimetry records for 1968 or 1973. A claimant-favorable approach was taken
and the 95" percentile photon and neutron doses as presented in Tables 7-1 and 7-2 of the draft
guidance External Coworker Dosimetry Data for the Rocky Flats Plant, ORAUT-OTIB-0058
(ORAUT 2006c¢), were applied. The coworker doses for 1968 were applied as a constant;
however, ORAUT-OTIB-0027 uncertainty estimates were also applied. As directed in ORAUT-
OTIB-0058, the coworker doses for 1973 were applied as a best-estimate lognormal distribution
with a GSD of 3 utilizing the approach in ORAUT-OTIB-0050 for years in that era. Both
approaches are claimant favorable and significantly exceed his highest reported penetrating
photon dose over all years he was monitored.

It was also noted in the telephone interview that the EE inspected various machined parts and
components during the years 1973 through 1976, and that he wore his badge inside of his lead
apron. As noted in the draft Revision 1 of OAUT-TKBS-0011-6 (ORAUT 2006b), this can
result in an underestimate of photon dose when the cancer (brain in this case) is not covered by
the apron. A correction factor of 1.15 was applied to the reported deep dose and a factor of 1.11
was applied to the reported shallow dose in accordance with Table 6-8 of ORAUT 2006b.
Although the correction factor for neutrons is 1 for this case, the application of ORAUT-OTIB-
0050 algorithms, which calculate neutrons based on reported deep photon dose, results in a
claimant-favorable increase in the neutron dose by the same 1.15 factor.

Potential Missed External Dose

Because individual dosimeter results were not always available to reconstruct the EE’s potential
missed external dose for the period 1961-1976, an analysis of dosimeter results during the EE’s
employment period was used to assign potential missed photon and neutron doses for that period.

A potential missed dose was assigned to each actual or potential dosimeter cycle where a zero
was reported to provide a claimant-favorable estimate of the potential external doses received by
the EE. A missed dose represents the dose that could have been received but may not have been
recorded due to the dosimeter detection limits or site reporting practices. No additional missed
dose was assigned for the unmonitored years 1968 and 1973, since maximized missed dose has
been included in the 95™ percentile coworker dose that was applied (ORAUT 2006c).

For the years prior to 1977, the maximum number of dosimeter cycles was based on information
provided in Langsted 2004, and the number of zeros assigned was equal to the maximum
potential badge cycles. From 1977 to the end of employment, all badge cycles were reported,
and zeros were applied as reported. The total number of dosimeter cycles where a zero was
assigned was 389 for 30-250 keV photon radiation. This number was chosen to ensure that all
possible instances of a zero badge reading were accounted for in this dose reconstruction. Based
on limit of detection information provided in Langsted 2004, this results in a maximum potential
missed dose for the EE of 16.969 rem from 30-250 keV photon radiation. All missed dose was
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assigned as 30-250 keV photons as this is claimant favorable. Per the requirements of OCAS-
1G-001, this value was used as the 95™ percentile of a lognormal distribution for the purpose of
calculating probability of causation.

Missed neutron doses were also calculated. The number of zero dosimeter reports for data from
the NDR Project through 1969 was assigned per guidance in ORAUT-OTIB-0050. From 1970
through 1976, the number of zeros assigned for neutrons was the same as for photons since the
dosimeters of that era contained both photon and neutron sensing elements (Langsted 2004), and
would likely have been read on the same frequency. For 1977 to the end of employment, all
badge cycles were reported (Langsted 2004), and zeros were applied as reported. The number of
zero dosimeter cycles applied was 171 for neutrons. This number was chosen to ensure that all
possible instances of a zero badge reading were accounted for in this dose reconstruction. Based
on limit of detection information provided in Langsted 2004, this results in a maximum potential
missed dose for the EE of 14.388 rem to the brain. Per the requirements of OCAS-IG-001, this
value was used as the 95™ percentile of a lognormal distribution for the purpose of calculating
probability of causation.

Summary

The total assigned dose (33.214 rem) based on the approach described in this evaluation is
considered a claimant-favorable overestimate. Some specific components of this dose
reconstruction that made claimant-favorable assumptions included assigning zeros for potential
missed external dose, the application of 95" percentile coworker dose, the application of DCFs
of one or greater and claimant-favorable estimates of uncertainty for photon doses and non-
NDRP neutron doses other than 1970-1976.

If the facts surrounding this dose reconstruction change (e.g., the date of diagnosis is modified,

an additional covered cancer is diagnosed, or additional covered employment is identified), the

efficiency measures used to reconstruct the dose may not be applicable. In this case, if the facts
were to change, the dose reconstructed for the brain could be lower than that reported using the

efficiency process.

Note: The IREP input tables are available from SC&A or NIOSH for this case if needed.
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ATTACHMENT 10: NIOSH’S REPORT CONCERNING BADGING OF
PERSONNEL AT RFP AND SC&A’S EVALUATION

The following statement was originally interpreted to mean that all personnel were badged:

In 1964, we were able to incorporate the dosimetry badge with the security
badge. This was an improvement from the standpoint of assuring the employee
was indeed wearing a badge while working on the job. (Putzier 1982, pg. 2).

Dosimeters were issued to personnel likely to be exposed:

All Q-cleared non-Dow personnel associated with construction projects, such as
architect-engineers, engineering firms, contractors, etc., will be issued film
badges when deemed necessary by [Name]. (Mann 1967)

Film badges are issued to all contractor personnel who must enter areas where
the exposure to x-rays, gamma rays, and neutrons is likely to exceed 10 percent of
the guide value for occupational exposure. (Owen 1968)

However, subcontractor personnel with low exposure potential may not have been issued a
dosimeter:

6.15.1 Conditions where General Health Physics Surveillance is Not Required
a. In areas where penetrating radiation levels are not likely to exceed an
average of 0.2 mrem/hr., outside contractor personnel may be utilized. Film
badges will not be provided under these conditions unless, on advice of Health
Physics, badging is desired for assessing a possible criticality exposure. Health
Physics Guide for Rocky Flats Division. (Putzier 1970, Section 5.1.7).

The badged population was expanded:
Health Physics is going to expand the film badge coverage of personnel on the
plant site. At your earliest possible convenience, please give us a list of the
people who comprise your pertinent organization: Rocky Flats Employees' Credit

Union, Dow-Rocky Flats mail department, Szabo Food Services. (Mann 1968)

Also, a combined badge incorporating a TLD was developed as the site transitioned from film
badges to TLDs:

The new combined dosimetry-security badge arrived... (Falk 1971)
In 1974 all prime contractor and government personnel were badged:

Starting January 1974, we have issued all employees on plant site (Dow and
AEC) a TLD dosimeter. (Lagerquist 1974a)
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Beginning July 1, 1974, we are implementing a new policy where everyone on

plant site will wear a radiation dosimeter (TLD) badge at all times. (Lagerquist
1974b)

Visitors that entered the controlled areas were also badged:

There are five different kinds of visitors to the plant site. ... Our TLD program
currently handles these groups as follows... (Lagerquist 1975)

However, there is no indication that the 1970 policy for subcontractors was changed.

This continued through 1990, at which time the policy was changed:

Specifically, effective January 1, 1991, dosimeters will not be distributed to
everyone, and dosimeters will stay on plant site. (Jens 1990)

ORAU performed an analysis on 1,046 RFP claimants. This analysis reflects a significant
increase in the proportion of employees monitored in 1964 (from 75% to 93%) consistent with

increased badging. The increase in 1974 (from 94% to 98%) is much more consistent with a
“tightening-up” process.
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Table 1. Percent Badged

Year | Badged | Year | Badged | Year | Badged | Year | Badged | Year | Badged | Year | Badged

1951 1961 77% 1971 94% 1981 96% 1991 91% 2001 73%

1952 5% 1962 78% 1972 94% 1982 96% 1992 82% 2002 72%

1953 33% 1963 75% 1973 94% 1983 97% 1993 80% 2003 56%

1954 34% 1964 93% 1974 98% 1984 96% 1994 65% 2004 40%

1955 43% 1965 93% 1975 97% 1985 98% 1995 65% 2005 25%

1956 53% 1966 96% 1976 96% 1986 97% 1996 67%

1957 61% 1967 95% 1977 97% 1987 98% 1997 79%

1958 63% 1968 91% 1978 98% 1988 98% 1998 83%

1959 63% 1969 74% 1979 98% 1989 98% 1999 83%

1960 1% 1970 90% 1980 97% 1990 96% 2000 80%

Source: ORAU analysis of RFP claimant files

To better understand the increased external monitoring in 1964, 28 claimant files were evaluated.
These files were selected by reviewing the individual claimant data from the ORAU analysis
(above). Any individual with 5 or more years of employment immediately preceding 1964
(1959-1963) in which no external dosimetry results were posted (not monitored) and with
external dosimetry results posted in 1964 (monitoring started in 1964) was selected. The job
title, organization, or company was determined (where possible) by review of the claimant file
(which in many cases includes an image of the Employee History cards). For those files that do
not have Employee History cards, the file was reviewed for incident reports or other records that
might indicate the job title or organization.

For the 28 claimants with external dosimetry records that started in 1964, 12 were assigned as
security (guards), 10 were non-production building positions (managers, auditors, clerks, and
draftsman), and 6 were non-radiation worker positions (tool makers, clerk, boiler operator). This
is consistent with an effort to start badging occasional-access personnel in 1964.

For further investigation of the effect of 1964 badging policy, dosimetry laboratory worksheets
for portions of 1963 and 1964 were reviewed. Only non-plutonium building worksheets were
available for this analysis. For 1963, 124 worksheets were reviewed, and 62 worksheets were
reviewed for 1964. A comparison indicated that three buildings were added in 1964; Building 21
(guards), Building 51 (maintenance planning and warehouse), and Building 10 (MA). This is
consistent with bringing occasional-access personnel into the external dosimetry program.

To better understand the effects of the 1974 badging policy, a similar analysis was performed for
that year. Twelve (12) claimant files were identified and the job positions reviewed. Seven (7)
were construction subcontractors (Swinterton & Wallberg, Lumus, Olsen Construction), 3 were
unidentified-employer crafts, and 2 were secretaries. This is consistent with increased badging
of construction contractors and miscellaneous onsite personnel.

Finally, a review of the External Dosimetry Report for the 1973 annual exchange was performed.
This indicated that personnel in Building 121 (guards) were monitored (approximately 120
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badges) and personnel in Building 131 (firefighters) were monitored (approximately 35 badges).
This is consistent with these occasional-access personnel being monitored before 1974.

Conclusion

Review of dosimetry results from three different available sources is consistent with
interpretation of the available memos, indicating that an effort in 1964 brought a significant
number of unmonitored occasional-access personnel onto the external dosimetry program, and in
1974, an effort to bring remaining miscellaneous personnel onto the external dosimetry program
was accomplished.
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SC&A Review of NIOSH’s Report, “Badging of Personnel at RFP”

An analysis of the RFP badging practices was forwarded to SC&A on December 7, 2006. The
article does a very good job of summarizing the badging policies and changes in badging
philosophies over the years at the RFP. From this summary, the following can be derived:

1. 1952-1963 — This is the period of most concern. The article lists three items related to
this period.

a. That subcontractor personnel with low-exposure potential may not been
monitored if the area was not likely to exceed an average of 0.2 mrem/hr (equates
to 400 mrem/year).

b. Analysis of 28 claimant files for workers who were not badged before 1964
showed that they were guards, management, clerks, drafters, toolmakers, etc.,
indicating that those that were not monitored had a low potential for exposure (the
exception to these job titles may be guards, if they were stationed near material
that was radioactive for extended periods of time).

c. The article states that records show that workers in Buildings 21 (guards), 51
(maintenance), and 10 (MA) were added in 1964 to included occasional-access
personnel.

These badging policies suggest that the workers who were not badged during 1952-1963
were those that were not at risk for regular or high exposures, and that the majority of
workers who were badged were those most likely to be exposed. If this were true, then in
1964, when all workers became badged, the number of zero entries should have increased
noticeably. However, it can be shown that during the 5-year period of 1959—1963 (before
1964) that the average number of zero entries was 10.0% vs. 9.7% for the 5-year period
for 1964-1968. This would indicate that workers monitored prior to 1964 were average
radiation workers, and not the maximum-exposed workers. Therefore, because SC&A
has found that most of the intervals of no dose records occurred during this period, and
the article shows in the graph and Table 1 that the percent of monitoring is less during
this period, it cannot be assumed that all potentially exposed workers were always
monitored, and it is still necessary to evaluate each worker’s case on an individual basis
for possible unmonitored exposures.

2. 1964-1990 — If the term “% monitored” as used in the graph entitled “External Gamma
Monitoring” means “% of all persons entering the site who were monitored” and does not
just refer to prime contractor personnel, then for the years 1964—1990, most workers were
monitored (average = 95.0%) during that period. The exception was during 1969, when
74% were monitored (the issue of the large increase in zero entries during 1969 and 1970
still remains). Lack of monitoring for regularly, or highly exposed, workers would be
unlikely (except in the case of accidents/incidents or episodic events). Lack of
monitoring records for persons that may have been exposed would have to be
investigated on an individual basis during this period.
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However, if the term “% monitored” does not include all persons entering the site, then
these conclusions are not valid.

3. 1991-2005 — This was the period of closure and D&D. This era is not directly addressed
in this article.
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ATTACHMENT 11: NIOSH EVALUATION OF THE DENSE NEUTRON
FILM MEMORANDUM

Submitted by Brant Ulsh, NIOSH
August 30, 2006

Evaluation of Dense Neutron Film Memo

During the July 26, 2006, RFP Working Group meeting, Kathy Robertson-Demers read from a
memo regarding the procedure for assignment of doses when neutron films were too dense to
read. Kathy read the following excerpt:

During the month of January there were 21 neutron films reported as too dense to
read. This included 19 from buildings 76, 77, 77a and two from building 71. The
current procedure is to report these films with a code indicating “too much
gamma to read,” resulting in an assigned neutron dose of zero. (Kirchner and
Kittinger 1965)

This understandably caused some concern, and I requested a copy of the memo from Kathy,
which she sent me on July 28, 2006. The memo is attached. I have reviewed this short memo in
its entirety, and the NIOSH/ORAU Team has done some further research on this issue. The
questions we considered are listed below, along with the results of our follow-up research.

1) How was dose assigned for these particular films?

The excerpt Kathy read is found in the first paragraph. As stated in the first paragraph, this
memo concerned 21 neutron films from Buildings 76/77/77A and 71 which were too dark to
read. Immediately following the excerpt Kathy read, the memo states, “Present plans are to
adjust the procedure and assign an ‘average’ dose to these films. An investigation of the job
descriptions and work locations of the 21 personnel involved indicated that assigning an overall
average dose would not give the personnel involved a dose representative of their true exposure.”
The memo then goes on to recommend, “An investigation will be conducted by Building 76/71
supervision to determine the most probable exposure received by the personnel involved and
report the results to Personnel Meters Section as soon as practical,” and further, “The dose
indicated by the investigation should be submitted to IBM as a true exposure.” Therefore, the
information in the memo itself describes that the doses assigned to these particular 21 films were
determined by an investigation. The individuals involved were not arbitrarily assigned a zero
dose, according to this memo.

(2 How were doses assigned in these situations after the date of this memo (March 16,
1965)?

The memo states the following:

The following procedure is therefore recommended:
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1. Health Physics supervision in Building 76 or 71 should be notified of the
name and man number of all personnel who submit a neutron film which is too
dense to read. The notification should be made as soon as practical after the film
has been examined.

The memo then goes on to recommend that an investigation be conducted to determine the most
appropriate dose to assign, and that the resulting assigned dose be entered into the employee’s
record, as described above. It does not recommend arbitrarily assigning a zero dose.

3) How were doses assigned in these situations prior to the date of this memo
(March 16, 1965)?

This was the question of most concern, as the excerpt Kathy read could be interpreted to mean
that employees with neutron films that were too dense to read were arbitrarily assigned zero dose
prior to March 16, 1965. The memo is addressed to E.A. Putzier from R.A. Kirchner and W.D.
Kittinger. To gain further insights into the procedures in these situations before 1965, ORAU
spoke with one of the authors of the memo on August 2, 2006, who indicated that the practice at
Rocky Flats was consistent with that in the rest of the AEC/ERDA/DOE system of assigning
doses by “exposure questionnaires” (or the equivalent) for any question related to the validity of
the personnel dosimeter reading. This memo outlining a recommended “standard procedure” for
assigning reasonable dose rather than defaulting to “zero” assignment, and the fact that the
particular films in question in this memo were investigated, is evidence of this practice rather
than evidence of a standard practice of arbitrarily assigning zero dose.

To provide additional verification of this int