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April 21, 2008 
 
Mr. David Staudt 
Center for Disease Control and Prevention 
Acquisition and Assistance Field Branch 
Post Office Box 18070 
626 Cochrans Mill Road – B-140 
Pittsburgh, PA 15236-0295 
 
Re:   Contract No. 200-2004-03805, Task Order 1:  Transmittal of Draft Document No. SCA-

TR-TASK1-0024, Review of “Site Profiles for Atomic Weapons Employers That Worked 
Uranium and Thorium Metals - Appendix BB:  General Steel Industries,”Battelle-TBD-
6000, Appendix BB, Rev. 0. 

 
Dear Mr. Staudt: 
 
SC&A is pleased to submit to NIOSH and the Advisory Board its draft report, Review of “Site 
Profiles for Atomic Weapons Employers That Worked Uranium and Thorium Metals – 
Appendix BB:  General Steel Industries,”Battelle-TBD-6000, Appendix BB, Rev. 0., SCA-TR-
TASK1-0024, dated April 21, 2008.  This document has been reviewed for Privacy Act 
information, edited accordingly, and is cleared for unrestricted distribution.  Additional editorial 
changes were made to the original report which was submitted on March 17 (two replacement 
pages were transmitted on March 19).  These changes are intended to clarify some of the 
discussion and do not represent any changes to our results and conclusions. 
 
We began our review by performing an independent assessment of the radiation exposures at the 
GSI foundry in Granite City, based on our own research on exposure conditions at this facility.  
This research included extensive interviews with former workers and other site experts, such as a 
former employee of Allis-Chalmers, the company that manufactured the betatron radiography 
units at GSI, who supervised the installation and maintenance of these instruments, and who 
prepared a report under contract to NIOSH.  Based on these interviews and follow-up 
correspondence, we obtained an understanding of procedures and work practices involving 
industrial radiography at GSI that differed in several significant aspects from the descriptions in 
Appendix BB.  We also constructed what we believe are more detailed models of the betatrons 
and of the surrounding structures, and employed the latest release of the computer code MCNPX 
to perform our calculations.  Some of our significant findings were: 
 
!  According to Appendix BB, betatron operators, who had the limiting exposures of all GSI 

workers, spent 2 h/shift at a distance of 6 ft from the activated betatron apparatus and in the 
vicinity of irradiated steel.  Our finding is that they spent over 4 h/shift at distances of 3–6 ft 
from the betatron, during which time they were exposed to the irradiated steel.  As a result, 
their external doses per 8-hour shift were more than 4 times as high as those calculated in 
Appendix BB. 

!  The recollection of a group of former workers was that overtime work was the norm, and that 
65 hours/week was a reasonable estimate of their work hours.  We therefore conclude that 
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These estimated hours are considered the maximum hours that could have been spent
x-raying uranium.  These are considered maximum because the purchase orders set these
costs as a limit.

In fact, as we observe in Section 2.6.2, the monthly and annual costs are listed as estimates on
the purchase orders dated 1958–1960.  Only the 1961–1965 purchase orders list a “not to
exceed” annual limit.  Although we agree that the estimated costs are a reasonable basis for
estimating the labor hours for radiographing the uranium, it is incorrect to characterize them as
limits that could not be exceeded,

As the authors correctly state:  “The first purchase order, covering the period March 1, 1958 to
June 30, 1958 stipulated a monthly limit of $500.”  However, they then ignore this estimate (not
limit) in calculating the time spent on uranium radiography.  It is more reasonable and claimant
favorable to assume that the $500 per month represented the costs during the period prior to this
purchase order as well, and to assign 31.25 hours/month, or 375 h/y, as the time spent
radiographing uranium prior to March 1, 1958.

The last paragraph discusses the work hours at the GSI plant, and concludes:  “. . . it will be
assumed that the operators worked 2400 hours per year . . . .”  As discussed in Section 2.6 of this
review, former GSI workers believe that 65 hours a week represented a reasonable estimate of
their work hours, which is equivalent to 3,250 h/y.  They also maintained that the pay rate was
considerably less than the $3.80/h cited in the Appendix.  The calculation of the hours
corresponding to a hypothetical paycheck of $500 overlooks the deductions for income and
social security taxes and other miscellaneous deductions that would have substantially lowered
the hourly take-home pay.  The last paragraph of Section BB.2.2 should be deleted and replaced
with the higher work-hour estimate, which is based on worker testimony and is more claimant
favorable.

3.2.4  Review Comments on Section BB.4:  Occupation External Dose

As we state in Section 3.2.2, there is some understandable confusion regarding the configuration
of the uranium metal handled at GSI.  The collective opinion of the former betatron operators is
that the uranium was in the shape of round disks that had been cut from cylindrical ingots.  Allen
and Glover model the external exposure as being from rectangular uranium ingots, which is not
technically accurate but is claimant favorable.

3.2.5  Review Comments on Section BB.4.1:  Exposure Time 

The discussion of time spent on the various tasks involved in betatron radiography in
Section BB.4.1 does not accurately describe the work practices at GSI.  First, the authors assume
that a casting was radiographed only once, and that 30 min was spent on setup and a longer time
on takedown.  In fact, large castings required hundreds of exposures.  Each shot took 10–15 min
to set up (Former GSI Workers 2007).  The film was developed and read while further
radiographs were in progress.  The emphasis was on speed, efficiency, and throughput. 
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Takedown, as discussed in Section BB.4.1, applied to removing the casting after all exposures
were made, and was therefore much less frequent than the setup between shots.

Uranium slices required fewer exposures.  However, since at least some of the circular slices
were larger than the largest film, they were radiographed one quadrant at a time, each slice thus
requiring four exposures.

3.2.6  Review Comments on Section BB.4.2:  Skyshine

The description of the skyshine calculation describes the betatron building as being “constructed
with 10 foot thick wall[s],” but does not specify the material.  Cottrell and Carrier (1990)
describe the walls of the Old Betatron Building as being 10-ft (3.05-m) thick concrete. 
However, Murray and Brown (1994) and Bechtel (1994, Exhibit I, Figures I-2/5) label the walls
of this building as “sand-filled concrete.”  Furthermore, Murray and Brown (1994, Figure 1)
indicate that the wall separating the control room from the betatron in the Old Betatron Building
was only 6 ft (183 cm) thick.  Other walls in both betatron buildings, especially the wall between
the control room and the rail tunnel or corridor leading into the betatron shooting area, were also
substantially less than 10 ft thick.  

The description of the walls as being “one story high” is too vague to allow confirmation of the
model used by Allen and Glover to model skyshine.  Although none of the available references
specific to GSI indicate the height of the walls, the floor plans of the betatron buildings appear to
conform to the design presented by Allis-Chalmers (1951), which also specifies 20 ft (6.1 m) as
the height of the shield walls, and 35 ft (10.1 m) as the overall height of the inside of the betatron
room.  The portion of the wall above the shield wall is 12 inches (30 cm) thick.  Furthermore,
Bechtel (1994, Figure I-3) includes a floor plan of the second floor, which shows the shield walls
extending to this elevation.  The description in Section BB.4.2 states that the model was based
on a drawing but does not specify the source of the drawing, or whether it was based on the Old
or New Betatron Building.  The description should include the actual dimensions and materials
used in the model, as well as the specific sources of the information.

We recommend that the analysis be replaced by more detailed, realistic analyses of several
exposure scenarios, or a single bounding analysis of the worst case scenario.  A metal casting,
which contributes to scattered radiation in locations and directions shielded from the primary
beam, should be included in such an analysis.  We also note that, according to our analysis,
neutrons emitted by the betatron target contribute up to 50% to the effective dose rate.  This
source of radiation needs to be addressed in the Appendix.

3.2.7  Review Comments on Section BB.4.3:  Steel Dose Rates

As stated in Section BB.4.3:  

In an interview with Jack Schuetz, who worked with Betatrons for Allis Chalmers, it was
learned that the output of the machine was variable and that the 100 R/min was the design
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maximum value, but that was only achievable in his laboratory when the compensator (or
filter) [was] removed.

As stated in the discussion of Issue 3, this information is at variance with data furnished by
Schuetz (2007) that are reproduced in Table 1 of the present review.  This tabulation of
laboratory test results on the last seven tubes purchased by GSI shows outputs that range from
260 R/min to 282 R/min at 25 MeV, with an average of 272 R/min.

The authors state that the most significant activation product generated during the betatron
radiography of steel is Fe and limit their analysis to that single radionuclide.  Our own analysis53

indicates that significant activities of 42 nuclides (listed in Table 10) are produced during the
irradiation of HY-80 steel, a common alloy produced at GSI.  Immediately after a one-hour
irradiation, Fe accounts for about 86% of the total activity.  However, during the second hour53

following irradiation, this nuclide accounts for only about 4% of the time-integrated activity.  It
is thus incorrect to assume that pure iron, which would produce a higher concentration of Fe,53

would yield the highest radiological impact.  Nuclides produced from other components of
HY-80 steel listed in Table 6 that are prominent during the second hour and are strong gamma-
emitters include Cr, Mn, Ni, and Mo.  Restricting the analysis to Fe also ignores the51 56 57 99 53

buildup of activation products during repeated exposures of the same piece of metal.

On a technical note, the correct characterization of the interaction of high-energy photons with
matter is a photonuclear reaction rather than photo-neutron, as stated in the text.  Although ((,n)
is frequently the first reaction, ((,") and ((,p) reactions are also possible, as well as photofission
of the heavier elements.  More important, subsequent activation of other nuclei by the (n,()
reaction creates nuclides that would not be predicted if ((,n) were the only reaction.  

Another scientific error is found in the statement:  “[ Fe] decays by electron capture.  This53

results in the emission of two 511 keV annihilation photons.”  In fact, about 98% of the decays
are by positron ($ ) emission, the remainder being by electron capture.  Only positrons can+

generate annihilation photons, which result from the interaction of a positron with an electron.  

The authors report integrated doses from the steel during the first 30 min following a 60-min
irradiation as being 0.0934 mR at 1 ft (30.48 cm) and 0.0125 mR at 1 m, for an average exposure
of 0.0529 mR.  Using the same time periods, we obtain exposures of 0.165 and 0.0312 mR,
respectively, at these two distances.  The differences are partly due to the authors’ neglecting
nuclides with half-lives longer than Fe.  It is not clear if the authors are referring to effective53

doses, which should be expressed in mrem, or exposures, which are stated in mR.  The two
quantities seem to be used interchangeably, which is confusing and scientifically incorrect.

The longer-lived nuclides would build up over the course of repeated irradiations of the same
piece of steel, as discussed in Section 2.2.4.  The scenario described in the Appendix, of a one-
hour irradiation preceded and followed by 30 min each of setup and takedown, would be
repeated about four times during an 8-hour shift.  The average 30-min exposure of 0.0529 mR
would thus yield a daily exposure of about 0.21 mR.  This can be contrasted to the exposure of



  Sam Glover, NIOSH/OCAS, personal communication with Robert Anigstein, SC&A, Inc., October 2007.
3
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0.65 mR/shift of the betatron operator, which we calculated for the purpose of this comparison
by taking the average of the 1-ft and 1-m exposures listed in Table 7 for the scenario yielding the
maximum exposure.  The layout man, who spends more time in proximity to the steel, would
experience an exposure of about 1.5 mR/shift, calculated by averaging the exposures at the two
distances from the maximum exposure scenario for this worker.

In conclusion, the authors significantly underestimated the exposures to the activated steel.

On a technical note, the authors’ conclusion that the radiation is due to the activation of the
aluminum compensator is not supported by our MCNPX analysis.  The small buildup of Al28

would produce exposures of less than 1 µR/h, which is indiscernible over background. 
Furthermore, since the compensator was removed during the calibration of the betatron beam, it
would have been obvious to Schuetz if the aluminum cone were the source of the radiation,
which he firmly stated was not the case.  Finally, the betatron manual (Allis-Chalmers 1951)
warns of the activation of the doughnut, not the compensator.

The authors conclude that the average exposure of the betatron operator was 0.792 mR/h while
x-raying steel, which is equivalent to 6.3 mR during an 8-hour shift.  Our calculations, presented
in Table 16, are based on a composite of radiographic exposures of long (60-min) and short
(3-min) duration; they yield an exposure of 33.5 mR/shift, more than five times greater than the
value derived from the Appendix.  The major difference is the exposure duration and distance
from the betatron doughnut.  We also calculated a neutron dose of 1.8 mrem/shift which, as
stated earlier, is not addressed by the Appendix.  

3.2.8  Review Comments on Section BB.4.4:  Uranium Dose Rates

The discussion in Section BB.4.4 is not sufficient to explain the calculation of dose rates from
the products of photofission in uranium.  We learned from one of the authors that they used
MCNPX to calculate the photofission density as a function of position in the uranium ingot
irradiated with the beam of x-rays from the betatron.   They then used the photon spectrum of3

uranium fission products from other data sources to calculate a photon source distribution in the
uranium, and used MCNP again to calculate the dose rates from this distribution.  According to
the Appendix, the average of the dose rates at 1 ft (30.48 cm) and 1 m from the uranium,
integrated over the first 30 min following irradiation, yielded a dose reported as 21.7 mrem. 
However, since the MCNPX output file which we examined incorporated the air kerma to unit
fluence conversion coefficients, the correct units are mrads.  According to the Appendix, this
dose was repeated once every 2 h during the radiography of uranium, which would yield a dose
of 86.8 mrads during an 8-hour shift.

Our calculations, which utilized the delayed gamma/delayed neutron capabilities of
MCNPX 2.6e, yield an effective dose of 6.8 mrem/shift from the fission/activation products in
irradiated uranium, including the photon radiation from aged natural uranium.  As discussed in
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Section 2.2.5, this dose was based on the operator’s being exposed to the uranium slice for
15 min after each of four cumulative one-hour exposures, scaled up to an 8-hour shift, and was
averaged over distances of 1 ft and 1m.

The differences between the two exposure scenarios do not allow a direct comparison with the
result in Section BB.4.4.  In order to facilitate such a comparison, we used our MCNPX results
to replicate the exposure scenario in the Appendix.  We calculated the effective dose during the
period 1 s–30 min following a single one-hour exposure (starting at zero time after exposure
would include the contribution from the primary beam, producing unrealistic results), averaged
over the two distances from the uranium metal.  Our calculation yielded an effective dose of
1.4 mrem, approximately 16 times less than the Section BB.4.4 result.  Upon reviewing the
NIOSH/OCAS calculations, including the MCNPX output files and the Excel spreadsheets used
to evaluate the MCNPX results,3 we found an error in their calculation of the photofission
density.  The atom density had been specified as 1 instead of the correct value of
0.048 atoms/(barn"cm), resulting in an overestimate of the fission density by a factor of 21.  This
error partially explains the differences in the results.  

Other differences in the models include the shape and size of the primary beam and the
assumptions regarding the beam intensity, discussed in Section 3.2.7.

We were not able to verify the calculations of doses at various times after the irradiation of the
uranium slab.  However, we are puzzled that Allen and Glover would use times of 0, 2 h, 9 h,
and 23 h post-irradiation, since their aim was to calculate the dose during the first 30 min.  A
curve fit over such a wide range of delay times would not be expected to yield good results for
such a short initial period.  Furthermore, we question the time-dependence of the dose rates
expressed by the two equations in Section BB.4.4.  These equations indicate that the induced
activities undergo exponential decay with half-lives of over one hour.  For example, if we

30 100evaluate D (t) (dose rate at 30 cm) and D (t) (dose rate at 100 cm), at t = 1 min and t = 10 min,
we find that both dose rates decrease ~9% during this time.  As shown in Figure 21, however,
our MCNPX model shows an almost 10-fold reduction in activity during this time.  We believe
that the faster decay rate more accurately represents the actual behavior of the irradiated
uranium.

Although the authors used an ingenious approach to calculate dose rates from photon-induced
fission in uranium, the complexity of their method and errors in its application produced results
that are not scientifically correct.

The discussion of the non-penetrating dose to the skin incorrectly states the results in units of
R/y.  A roentgen is a unit of exposure, which is defined as the formation of a given electrical
charge in a mass of air.  These units should not be used to express doses to the skin from beta
radiation.



  The radiation field from the activation of the betatron apparatus is reported by Schuetz (2007) in mR/h.  The
4

skyshine and the radiation from the induced uranium were stated in mrem, while values for steel were expressed in mR. 
It is not clear if the values in different units were simply added together.
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3.2.9  Review Comments on Section BB.4.5:  External Dose Summary

Section BB.4.5 displays a table described as summarizing the external photon dose to betatron
operators.  However, the table also lists doses to the skin, not further specified, and to the skin of
the hands and forearms.  The heading in the table states the units as R/y (see discussion of units
in Sections 3.2.7 and 3.2.8, above).

We first discuss the external doses from photons.  According to the table, these “doses” for the
years 1953–1966 range from 6.3 R/y in 1961 to 1.025 R/y in 1966.   These values are4

significantly lower than the exposures which we derived in Section 2.6.1, which are 12.9 R/y for
1952–1963 and 13.6 R/y for 1964–1966.  The neutron effective doses are 470 mrem/y and
735 mrem/y, respectively, for these two time periods.  Since we calculated a slightly higher
exposure per shift for the radiography of steel than of uranium, the frequency of uranium
radiography does not affect the maximum annual exposure, which we assumed to be that of an
operator on the evening or night shift, when no uranium radiography was supposed to take place. 

The discussion of doses to the skin is hard to understand.  According to Section BB.4.4:

Using the methodology in section 6.3 of this Technical Basis Document [Scherpelz 2006],
the non-penetrating dose to the skin of the forearms and hands can be calculated to be
5.75 R/yr.  The non-penetrating dose to the skin of the rest of the body can be calculated to
be 0.52 R/yr.

There is no explanation of how the values of dose rates to the skin of various workers listed by
Scherpelz (2006, Table 6.3) are used to derive the skin doses cited above.  Furthermore, the skin
doses cited in Section BB.4.4 seem to bear no relationship to the doses listed in the table in
Section BB.4.5.  The doses to the skin on the hands and forearms for the years 1953–1966 range
from 22.3 to 0.37 “R/yr” (presumably rads), while those to the rest of the skin range from 2.0 to
0.034.  The doses in the table appear to be based on the number of hours of uranium radiography
per year but are otherwise not explicable.

The doses to the skin of the hands and forearms, which we calculated using MCNP and the
actual uranium configuration at GSI, that are listed in Table 21, are 26%–34% higher than those
listed in Section BB.4.5 for the years 1953–1962, while our doses to the rest of the skin are
27%–48% higher.  This is primarily due to our including the enhanced concentration of Th and237

Pa on the peripheries of the uranium slices.  The doses to the skin of the hands and forearms234m

for 1963–1966 are 60%–500% higher than those in Appendix BB, while the doses to the rest of
the skin are 4–30 times higher.  The reason is that the authors omit the contribution of the beta-
emitting nuclides in activated steel, which are the major contributors to the skin doses in later
years, when fewer uranium slices were radiographed.  The largest contributor to the skin dose
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from activated steel is Fe, which emits positrons with end-point energies of 2.3–2.7 MeV.  The53

authors base the dose from external exposure to direct penetrating radiation on this nuclide, but
fail to consider it as a source of non-penetrating radiation to the skin.  

No doses from either penetrating or non-penetrating radiation are assigned for 1952.  As stated
earlier, it is both plausible and claimant favorable to assume that uranium radiography began in
1952.

The Appendix states that the external doses to betatron operators should be assigned only “to
radiographers and anyone else that was routinely handling the steel or uranium within 2 hours
following the x-ray exposure.”  Other employees are to be assigned a “dose” rate of 0.72 mR/h
or 1.73 R/y.  

As discussed in Section 2.4.3, there are several scenarios which could lead to radiation exposures
of other workers that were greater than 0.72 mR/h.  As displayed in Table 2, the exposure rates
in several locations outside the New Betatron Building ranged from 24 to 209 mR/h when a
casting was radiographed on the railroad tracks.  The average daily exposure rates should take
into account the duty cycle of the betatron which we estimate to be 41%.  For example, if a
worker were to spend one hour per shift in the restroom (as some workers were reported to do in
order to evade their duties), he would receive an exposure of about 9.8 mR/shift.  Even if such a
worker worked only the normal 250 shifts/y, he would have an exposure of 2.46 R/y from this
scenario alone.  If he worked 406 shifts, as was assumed for the betatron operators, his annual
exposure would be about 4 R.  We also note that the exposure rate in the break area just outside
the shooting area of the New Betatron Building was even higher than in the restroom, and the
rate at one location (“Outside 2") outside the building was over twice as high, so even if the
worker spent less than one hour per shift in the restroom, he might have been in other areas with
elevated exposure rates.

Other workers that could have experienced higher exposures than assigned by the Appendix are
those that maintained the ventilation equipment on the roofs of the betatron buildings and other
buildings near the New Betatron Building.  Their exposures would have been particularly high
when the 80-Ci Co source was used to perform radiography in the New Betatron Building. 60

Another group of workers with potentially elevated exposures were those in the No. 6 Building
who worked with or near the 250-mCi Co source.  Although we do not have any information on60

the frequency of these radiographs nor of the whereabouts of the radiographers during the
exposures, their potential exposures could be higher than those of the betatron operators.

Finally, the radiography performed outdoors by the St. Louis Testing Laboratory subjected
nearby GSI workers to exposures of up to 2 mR/h, assuming that the safety precautions were
properly administered and enforced.

Except for the radiography with radioactive sources and the maintenance of the ventilation
equipment on the roof of the Old Betatron Building, there were fewer opportunities for exposure
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to stray radiation during the years 1952–1963, before the installation of the “new” betatron at the
Granite City site.

3.2.10 Review Comments on Section BB.5:  Occupation Internal Dose

Our analyses of intakes of activation and fission products produced by the radiography of steel
and uranium, discussed in Section 2.3, indicate that the internal exposure from these sources
would be negligible.  We therefore concur with the conclusions regarding such exposures stated
in Section BB.5.  We also concur with the assignment of inhaled intakes of uranium during the
handling of uranium metal by the betatron operators, except that, as stated earlier, we believe
that the covered period should be extended to the beginning of 1952, and that the hours from
1952 to June 30, 1958, should be increased, as discussed in Section 3.2.3 of this review.  

We note some erroneous citations of data in the main report.  Section BB.5.2 states:  

Table 7.5 of this Technical Basis Document lists air concentrations for uranium machining
operations.  Of the three grinding operations, centerless grinding had the highest results of
4000 to 5000 dpm/m .3

In fact, the value listed in Table 7.5 is 5000–6000 dpm/m .  We also note that the reference in3

Section BB.5.3 to an air concentration of 198 dpm/m  is incorrectly attributed to Table 7.8 of the3

main report—the correct reference is Table 7.6.

We do not agree with the methodology used to calculate the airborne concentrations of uranium
in the betatron building during activities not involving uranium radiography.  In our review of
the main report (Scherpelz 2006), SC&A took issue with the use of the settling velocity of 5 µm
AMAD aerosols to determine surface contamination levels, since that approach neglected the
sloughing off of large flakes of uranium oxide that fall directly onto the floor and that would
make a significant contribution to the uranium contamination.  The same concerns apply to the
Appendix.  The observation in Section BB.5.3 that the surface contamination level of
1,170 dpm/100 cm  is “. . . reasonably close to the maximum value of 540 dpm/100 cm2 2

measured in a 1989 survey” does not support the calculated value.  The GSI facility in Granite
City continued to operate for another 7 years after the cessation of uranium handling activities. 
It would be expected that normal housekeeping activities during this time, as well as additional
attrition between 1973 and 1989, when the site was controlled by the Granite City Steel Division
of National Steel Corporation, would have caused more than a 2-fold reduction in the surface
contamination levels.  

An example of such housekeeping activities is the contaminated vacuum cleaner that was present
in the Old Betatron Building at the time of the 1989 ORNL survey (Cottrell and Carrier 1990). 
According to Wallo (1989), this vacuum cleaner was used in cleaning the betatron building. 
Uranium residues were found in the vacuum cleaner by the survey team.  Since the vacuum
cleaner was most likely emptied periodically during the period of operations, considerable
amounts of uranium residue could have been removed during this time.  We therefore assume
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that significantly more uranium residue was initially present on the floor than estimated by the
authors of the Appendix.

As discussed in the SC&A review of the main report, we disagree with the use of a resuspension
factor of 10  m  employed in the Appendix.  The resuspension in the shooting areas of the-6 -1

betatron building, with both pedestrian and vehicular traffic, was most likely higher by one or
more orders of magnitude.

Because the uranium slices that were brought into the betatron building were most likely
transported through other buildings on their way into and out of the GSI facility, workers other
than the betatron operators could have experienced intakes of uranium dust.  It would be
reasonable and claimant favorable to assign the same intakes that were experienced by the
operators to any workers that might have handled or been near the uranium metal.

3.2.11 Review Comments on Section BB.6:  Residual Contamination

The same comments that were made in Section 3.2.10, above, regarding surface contamination
and resuspension during the intervals between uranium handling operations, apply to the dose
assessments during the residual contamination period discussed in Section BB.6.
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Chapter 4

RESPONSES TO COMMENTS ON APPENDIX BB 

NIOSH/OCAS received two sets of comments on Appendix BB from advocates for claimants
who were former GSI employees, or their survivors.  The Board asked SC&A to respond to these
comments.  We limited our responses to comments that have a direct bearing on reconstruction
of doses to GSI employees.  We base our responses on our analyses, findings, and observations
in Chapters 1–3 of this review.  Since the claimant advocates inserted their comments into the
text of the Appendix, we keyed our responses to the individual sections of the Appendix in
which their comments appear.

4.1  Comments by Advocate #1

We begin by responding to comments prepared by a team of advocates whom we will refer to as
Advocate #1 ("Comment and Reply Re: Appendix BB . . . ." 2007).

4.1.1  Advocate #1 Comments on Section BB.1:  Introduction

The advocates call attention to a 1956 report of the Los Alamos National Laboratory (Tenney
1956) that describes inter alia the use of a 22-MeV Allis-Chalmers betatron at LANL for the
radiography of metal objects, including uranium.  We examined the redacted version of this
report; however, we found that the relevant information in this report was largely supplanted by
information from other sources.  These included interviews with former GSI employees and with
Jack Schuetz, a former employee of Allis-Chalmers, as well as literature furnished by Schuetz
(2007) and by the advocates.  Our use of the information in the LANL report was limited to the
reference by Elliot (1956) to the maximum thickness of uranium—4 inches (~10 cm)—that
could be radiographed using this instrument.  This information corroborated our own estimate,
based on information from other sources, and was used in establishing the limiting thickness of
the uranium slices which we modeled in our radiological assessment of GSI workers.  Allen and
Glover (2007) used a 20-in (51-cm) thick uranium block to calculate dose rates from the
irradiated uranium.  Since a negligible fraction of the primary x-ray beam would have penetrated
more than 4 inches of uranium, the additional thickness has no effect on the results.

4.1.2  Advocate #1 Comments on Section BB.2:  Site Description 

The advocates call attention to the two betatrons that were in use at the GSI facility in Granite
City in 1964–1966 (1966 marks the end of AEC-related activities at GSI), as well as to
radioactive sources and an x-ray machine used for radiography.  They also call attention to the
configuration of the New Betatron Building and its location with respect to other structures,
notably the No. 10 Finishing Building.  We agree that both betatron buildings need to be
included in the analysis because of the differences in their locations and configurations.  As we
mention on page 58 et seq., because of the isolated location of the Old Betatron Building, there
were fewer opportunities for exposure to stray radiation prior to the installation of the “new”
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betatron at the end of 1963.  However, because the two buildings are about 400 ft apart, the stray
radiation from the two betatrons is not additive.  The highest dose rate outside one building
would have been at a location so far away from the other building that the contribution from the
second betatron would have been negligible.

We also agree that some of the radioactive sources need to be included in the site description and
addressed by the analysis.  As shown in Tables 2–5 of our review, there were some locations
where the potential doses from Co radiography sources were higher than from stray radiation60

from a betatron.  

The Ir sources, however, were brought on site by the St. Louis Testing Laboratory and were192

not handled by GSI employees.  Any incidental exposures they may have received would have
been subsumed by the exposures from Co sources also used by St. Louis Testing, which60

established a 2-mR/h exclusion zone around their sources.  The 250 kVp x-ray machine was used
inside the betatron buildings.  The shielding in those buildings would have rendered any
exposures from this machine completely insignificant.  Therefore, these sources, while worthy of
being mentioned, do not need to be explicitly included in the analysis.

4.1.3  Advocate #1 Comments on Section BB.2.1:  Site Activities 

The advocates commented on the years of the AEC-related activities at GSI.  Despite some
inconsistencies in the discussion in the text, the radiation exposures listed in the Appendix
spanned the period from 1953 to mid-1966, the contract period cited by the advocates.  However,
we found that the activities may have started in 1952 and therefore believe that the covered
period should be 1952–1966.  

They also commented on the sizes and shapes of the uranium metal objects radiographed at GSI. 
Since slices of dingots were the objects primarily radiographed at GSI, the relevant dimensions
are the diameter and thickness of this slice.  If the dingot was 18 inches long and weighed
between 3,000 and 3,300 lb, the diameter would be about 18 inches.  This size is confirmed by
Weakly (1963).  Other, thinner ingots were also produced at Mallinckrodt.  Thus, the size of the
uranium objects varied.  The analysis of dose rates from irradiated uranium reported in the
Appendix was based on a rectangular block 20 × 18 × 18 inches thick.  Since this was larger than
the actual objects radiographed at GSI, the results of such an analysis would be limiting,
notwithstanding other factors that affected the analysis.  

4.1.4  Advocate #1 Comments on Section BB.2.2:  Frequency of Uranium X-rays

The advocates commented on the incomplete records of Mallinckrodt purchase orders and other
documents related to the 1953–1958 period.  This is a common circumstance at DOE and AWE
facilities, and is a frequent challenge to the administration of the Energy Employees
Occupational Illness Compensation Program Act (EEOICPA).  With reference to the
Mallinckrodt memo cited by the advocates, dated February 20, 1958, which requests payment of
General Steel Castings Invoice #M216, we note that the request was reissued on July 10, 1958,
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in the amount of $48.  Based on the $16/h rate in effect at the time, this invoice represents
3 hours of work by General Steel.  This work appears to have been performed at a time that there
was no purchase order in place, and does not represent an “add-on” to the total, as claimed in the
comments.

They also call attention to the alloyed dingots produced by Mallinckrodt.  In most cases, the term
“alloyed” refers to a metal that has several deliberately blended components, such as the
numerous alloys of steel.  In the present instance, however, the “alloyed” dingots are actually
purer than ordinary uranium ingots.  According to Weakly (1963), the dingots had less than
30 ppm carbon, compared to 400–500 ppm in ordinary uranium ingots.  These dingots did
contain trace amounts of aluminum and copper, which are not listed as constituents of ordinary
uranium ingots.  

Leaders et al. (1953) report on small-scale experimental castings of various uranium alloys. 
They also mention three zirconium alloy ingots being radiographed with a betatron, presumably
at GSI.  These uranium alloy ingots would have no significant effect on the radiation exposures
of GSI workers.  First, they were small objects, which would involve shorter exposures.  Second,
they were few in number; the fact that special mention was made of three ingots being
radiographed suggests that this was not a routine procedure.  Third, the external exposure to
direct penetrating radiation from radiographed uranium is dominated by uranium fission
products.  The presence of lighter metals would tend to reduce concentration of fission products
and thereby reduce the radiation doses.

Other comments on this section are on the frequency of uranium x rays.  We agree that there is
no documentation regarding the frequency of radiographic testing of uranium prior to March
1958.  However, given the fairly constant estimates of monthly costs during 1958–1962,
projecting the estimate for the March 1–June 30, 1958 period backward to 1952 is reasonable. 
The fact that General Steel submitted a separate invoice for $48 for a period not covered by a
purchase order would not indicate a high level of activity.  We do not agree with the hypothesis
that 100% of the uranium produced at Mallinckrodt was radiographed at GSI.  The uranium
slices, that were up to 4 inches thick, were samples cut from the 18-inch-long dingots.  These
slices could not be used in the production of uranium fuel rods, but would have to be remelted
and cast into billets or ingots.  Consequently, the uranium radiography was in fact a destructive
process, and could only be applied to a representative sample of the uranium produced at
Mallinckrodt.

Our analysis showed that the external exposure to direct penetrating radiation associated with the
radiography of uranium was slightly lower than that associated with the radiography of steel. 
This was because uranium required longer exposures, so betatron operators spent more time in
the control room, where the exposure rates were relatively low.  During the radiography of steel
castings, they spent more time exposed to the residually radioactive betatron apparatus and to the
activated steel.  Therefore, increasing the frequency of uranium x rays would not increase the
dose from external exposure to direct penetrating radiation.  There would, however, be an
increase to the dose to the skin of the betatron operators, since the dose rates from beta radiation
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from uranium are higher than those from radiographed steel (see further discussion at the end of
this section).

Another comment concerns the repeated exposures of the same piece of uranium metal.  The
need for four exposures was due to the diameter of the slice, which was greater than the largest
x-ray film, not to the thickness.  (Repeated exposures do not increase the ability of the betatron
x-ray beam to penetrate the metal, which, as stated earlier, is limited to a thickness of about
4 inches).  Our analysis accounted for the partial overlap of four exposures by modeling a
simplified and claimant-favorable scenario in which the entire slice was subjected to four
successive exposures.  We can estimate the magnitude of this effect by considering two different
scenarios.  In one, the betatron operator is exposed for 15 min to a uranium slice that had been
radiographed for one hour.  This happens four times in succession, with a new slice being
radiographed each time.  In the second scenario, the same slice is radiographed four times—the
operator handles the uranium slice after a one-hour exposure, then, 1¼ h later, he handles it
again after a second one-hour exposure, then later after a third, and finally after a fourth.  In this
second scenario, his total dose is 15% higher than in the first scenario.  Thus, accounting for the
multiple exposures has a small effect on the dose, which should however be addressed in the
interest of a comprehensive analysis.

Another comment addresses the different steel alloys produced and radiographed at GSI.  The
most common alloy was carbon steel, such as SAE 1020, which is 99% iron.  There is
insufficient information to determine the actual mix of alloys that were produced and
radiographed at GSI; furthermore, the mix most likely varied from year to year, depending on
orders from their customers.  Even if such information were available and we analyzed each
individual alloy, we do not believe that there would be any significant change in the estimated
exposures of the workers.  

We agree that, from a purely technical standpoint, calculating dose rates from irradiated steel on
the basis of pure iron can underestimate the time-integrated dose following the radiographic
exposure, as discussed in Section 3.2.7.  Our analysis addressed two alloys—HY-80 and high-
manganese steel—which, because of the concentrations and variety of constituents, we believe to
be bounding examples of GSI products.  Subsequent to performing our analyses, we learned that
high-manganese steel was used for jaws for ore crushers which were not routinely radiographed. 
As shown in Table 16, the combined exposures of the 25-MeV betatron operators to activated
HY-80 steel from short and long shots were about 1 mR/shift, compared to their average total
exposure of 33.5 mR/shift.  Although our calculated exposure rate is much higher than the rate
estimated in the Appendix (see Issue 6 in Chapter 3), exposure to the metal represents only about
3% of the total exposure.  The annual dose to the skin of the hands and forearms from the
activated steel, shown in Table 21, is higher, but is still less than 2 rads/y.  This needs to be
compared to an annual external exposure to direct penetrating radiation of 12–14 R/y.  Thus, the
inclusion of the various alloys in the exposure assessments is unlikely to substantially change the
total radiation exposures of GSI workers.
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4.1.5  Advocate #1 Comments on Section BB.4:  Occupation External Dose

The advocates repeated their earlier critique of the size and shape of the uranium ingots.  As
discussed in Section 4.1.3, a more detailed description of the sizes and shapes of the uranium
objects would not lead to a more claimant-favorable analysis.

4.1.6  Advocate #1 Comments on Section BB.4.1:  Exposure Time

The advocates asked for details on the size, shape, and chemical composition of the uranium
metal radiographed at GSI.  While these are legitimate questions, the answers would not
substantially affect the assessment of radiation exposures related to the uranium radiography at
GSI.  As we stated in Section 4.1.4, the exact chemical composition of the uranium, which might
contain trace quantities of other elements, would have no significant effect on the exposure to the
irradiated metal, which is primarily due to uranium fission products.

4.1.7   Advocate #1 Comments on Section BB.4.2:  Skyshine 

The advocates urged that the actual configuration of the betatron buildings at GSI be used in the
calculations of doses from stray radiation during the operation of the betatrons.  We agree that
the skyshine calculations should be based on the actual configurations of the betatron buildings
and surrounding areas that were accessible to workers.  A number of their other comments on
this section are addressed in Section 3.2.6 of this review.

4.1.8  Advocate #1 Comments on Section BB.4.3:  Steel Dose Rates

The advocates pointed out the operating characteristics of the two betatrons.  We note that their
description of the “new” betatron included an editorial error:  they stated that it operated “up to
250 MeV”—we believe they meant “250 R/min.”  The maximum energy of the electron beam
was 25 MeV, while the maximum beam intensity in a field installation such as GSI was about
250 R/min.  They also observe that the description of the MCNPX results “. . . is too general and
very misleading.”  Although we do not necessarily agree with this characterization, we agree that
a more detailed description of the analysis should be presented in the Appendix, and that a
discussion of steel alloys should be included.  However, as noted on page 64, our own analyses
indicate that the radiation from irradiated steel makes a minor contribution to the total doses.

4.1.9  Advocate #1 Comments on Section BB.4.4:  Uranium Dose Rates

The advocates observed that “This section needs to be discussed in much greater detail.  A
review by SC&A and other experts would appear fitting.”  Our review of Section BB.4.4 is
found in Sections 2.2.5, 2.2.7, and 3.2.8.
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4.1.10 Advocate #1 Comments on Section BB.4.5:  External Dose Summary

The advocates observed “. . . that the Betatron Buildings were like ‘Grand Central Station’.”  We
agree that workers performing other duties had ready access to locations in or near the New
Betatron Building and could have been exposed to significant levels of stray radiation from the
operation of the betatron.  We do not believe that this was the case with the Old Betatron
Building, since it was located well away from the main part of the plant, was surrounded by a
fence that limited access to the building, and carried placards warning individuals to stay away
from the building.  We note that other tradesmen, such as electricians, might have worked in the
Old Betatron Building in areas such as the capacitor banks on the second floor.  These areas
were further from the shooting area than was the control room, so the exposures of these workers
would be bounded by the exposures of the betatron operators.

4.1.11 Advocate #1 Comments on Section BB.5.3:  Summary of Intakes of Radioactive
Material

The advocates stated:  “Some residual uranium contamination may have been present that could
become airborne and cause additional intakes.”  Allen and Glover (2007) modeled the
resuspension of uranium contamination, both during the periods in between the times uranium
was being handled in the betatron building, and after the cessation of AEC-related activities—the
so-called “residual period.”  As discussed in Section 3.2.10, we find that the intakes during these
periods were underestimated.

4.1.12 Advocate #1 Comments on Section BB.6:  Residual Contamination 

The advocates observe that “Coming into an industrial site about 30 years after the contract
period ended and trying to recreate the past is impossible.”  Although Allen and Glover (2007)
did not directly use the results of the ORNL surveys of the Old Betatron Building (Cottrell and
Carrier 1990) to estimate the contamination levels during the residual period—the time after the
cessation of AEC-related activities—they did cite these results as a validation of their model. 
We have taken issue with their model, as discussed in Section 3.2.10, and of their use of the
survey results.

4.2   Comments by Advocate #2

We next respond to comments prepared by Advocate #2, and submitted to Larry Elliot, Director
of OCAS, in July 2007 ("Critique to NIOSH of Appendix BB . . . ." 2007).

4.2.1  Advocate #2 Comments on Section BB.2:  Site Description

The advocate presents a detailed comment on information on the GSI site that is not cited in the
Appendix.  We have already commented on most of these issues in our responses to comments
from Advocate #1 and/or have addressed them explicitly in our review of the Appendix in
Chapter 3 of the present report.  The issue of the two betatrons is discussed in Section 4.1.2.  The
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issue of the composition of the uranium objects is discussed in Section 4.1.4.  The advocate is
correct in stating that “The overall radiation exposure by the Betatron and from activation
products in the industrial/military castings dwarfed the total exposure of the workforce from
MCW-UR uranium.”  However, he errs in stating “. . . the omission of these data is most
serious” since the radiation exposures of the betatron operators from the radiography of steel
were addressed in the Appendix—the authors assumed that the betatron was used for
radiographing steel whenever it was not used for uranium.  His comment about Co sources is60

addressed in Section 4.1.2.  

4.2.2  Advocate #2 Comments on Section BB.2.1:  Site Activities

The advocate correctly observes that the Mallinckrodt purchase orders for uranium radiography
at GSI, starting with March 1, 1958, were most likely for material produced at Weldon Spring,
since all regular operations at the MCW St. Louis downtown site ceased in 1958.  There is
therefore some question whether the volume of work, based on purchase orders for the
radiography of uranium metal produced at Weldon Spring, is representative of the years
1952–1957, when the metal was produced at the St. Louis downtown location.  A reasonable
guess is that the volume would have been smaller, since the uranium receipts at Weldon Spring
ranged from 8 to 19 Gg (8,000–19,000 metric tons) during the 1958–1966 period (Little and
McDowell-Boyer 2005, Table 2-7).  Westbrook and Bloom (2007) do not indicate the actual
production rates at MCW during 1952–1957.  However, according to these authors, processing,
receipts, and production during earlier years are stated in hundreds of tons annually, compared to
thousands of tons at Weldon Spring.  As we observed in Section 4.1.4, the volume of uranium
radiography has little impact on the annual doses to GSI workers.

The advocate describes the various possible types of uranium objects that might have been
radiographed at GSI.  Again, as discussed in Section 4.1.4, the detailed descriptions of these
objects would not significantly affect the results of the analysis.

We could not substantiate the advocate’s claims about enriched uranium being processed at
MCW or Weldon Spring.  According to Westbrook and Bloom (2007):  “In 1955, very low

4enrichment uranium [1% enrichment] (probably only a small amount) as UF  was processed at
Plant 7, and in August 1956, about 5.5 kg of 20%-enriched uranium was processed, presumably
in Plant 7.”  These authors further state:

Also, . . . [Goldsmith et al.] (1981) stated that in . . . [their] pre-survey review of the site,
including interviews with Mallinckrodt old-timers, no indications were found that there had
ever been any process conducted under AEC contracts involving the purification or
working of Th-232, highly enriched uranium, fission products, or byproduct material.  Thus
it is assumed that no recycled uranium or any of the materials listed by . . . [Goldsmith et
al.] (1981) was handled at Mallinckrodt’s St. Louis facilities as part of AEC work.

It is thus unlikely that any enriched uranium had been cast into ingots at MCW and radiographed
at GSI.  Furthermore, according to Little and McDowell-Boyer (2005), Weldon Spring received
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about 442 tonnes of “slightly enriched” uranium (defined as # 1% U) in 1965, the peak year235

for receipts of this material, which is a small fraction of the over 11,000 tonnes of natural
uranium received the same year.  We therefore conclude that little if any of even low-enriched
uranium was radiographed at GSI.

4.2.3  Advocate #2 Comments on Section BB.2.2:  Frequency of Uranium X-rays

The advocate’s comments deal with the missing purchase orders for the years prior to 1958, as
well as with the other types of radiography performed at GSI during the covered period.  We
discuss these topics in Section 4.1.4.  He objects to the description of the purchase orders as
“limits and not estimates.”  He is correct with respect to purchase orders issued prior to 1961. 
As we observed in Section 3.2.3, these purchase orders did in fact list the costs as “estimates.” 
Thus, these estimates could have been exceeded upon request from the Mallinckrodt officials
authorized to order this work.  However, the amounts listed in the purchase orders from July
1961 onward were specified as “not to exceed.”  Thus, these were limits.  We disagree with the
advocate’s contention that the limits may have been changed during the period covered by a
given purchase order.  The purchase orders in the NIOSH/OCAS file appear to be complete for
the period from March 1958 to 1966.  They cover the entire period of March 1,1958– June 30,
1966, with no gaps.  They also include such non-monetary changes as the authorization to use
different sizes of x-ray film and the inclusion of additional personnel authorized to approve the
work orders, and even an order for a piston rod fabricated by GSI.  Thus, since there are no
records of changes to the annual estimates or limits during any period covered by these purchase
orders, we doubt that any such changes were made.

He cites the fact that each uranium slice required several exposures as proof that the time
devoted to uranium radiography in any given year was longer than estimated by Allen and
Glover.  Mallinckrodt paid GSI by the hour, not by the piece, so the hours spent radiographing
uranium were independent of the duration of any given exposure.  Assuming longer exposures
would simply imply that fewer uranium slices could be radiographed during the time period
covered by a given purchase order.

The advocate further questioned if the purchase order limits were actually adhered to.  Each
purchase order, whether for an estimated amount or a fixed limit, was signed by an authorized
representative of the U.S. Atomic Energy Commission.  It is implausible that GSI and
Mallinckrodt could casually flaunt the terms of the purchase orders and expect to be reimbursed
for their costs:  GSI by Mallinckrodt and Mallinckrodt by the federal government.

The advocate raises several issues related to radiography of steel, which we discuss in
Section 4.1.4.
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4.2.4   Advocate #2 Comments on Section BB.4:  Occupation External Dose

The advocate observes that Landauer has film badge dosimetry data on some former GSI
employees for part of the covered period.  We agree that such data are of interest, and address
this issue in Section 2.8 of this review.  We also note the limitation of such data.  

The advocate questions the size and shape of uranium objects that are the basis of the analysis of
external exposure to the irradiated uranium.  As discussed in Section 4.1.3, the assumptions in
the Appendix regarding the sizes and shapes of the uranium objects yield a bounding estimate of
doses from irradiated uranium.

4.2.5   Advocate #2 Comments on Section BB.4.1:  Exposure Time

The advocate refers to the lack of a cool-down period from the time the betatron exposure ended
to the time the operator and his assistant entered the shooting area.  Allen and Glover (2007) take
no credit for the cooling down of either the betatron apparatus or the irradiated metal.

The advocate further mentions the close contact of the workers with the irradiated steel.  This is
accounted for in the Appendix BB analysis, which assumes that during one half of the time that
the worker spends in the shooting area after the radiographic exposure he is at a distance of 1 ft
(30 cm) from the casting, while the rest of the time he is at 1 m.  These distances are to the center
of the worker’s torso.  Since the torso of Standard Man—the model that has been adopted by the
U.S. and international radiation protection community for calculating radiation doses from
external exposure—is 20 cm thick (8 inches) in the anteroposterior direction, a distance of 1 ft
assumes that there is an 8-inch space between the torso and the metal.  This is a reasonable
minimum distance for marking the casting.  The 1-m distance assumes the worker is moving
about, adjusting the position of the betatron, etc., and not in intimate contact with the casting.

According to the advocate:  

It should be realized there was usually no time gap between the takedown phase of one
Betatron shot and the setup period for the next shot.  In addition, the large castings and the
MCW uranium ingots required many shots.  Thus, during the setup phase the workers were
often in direct contact with a highly activated casting or uranium ingot.

The lack of a time gap is inherent in the Appendix BB analysis.  Multiple exposures of the same
piece of metal are discussed in Section 4.1.4 of this review.

The advocate questions the assumption of one-hour exposures in the Appendix.  We agree that
there was a range of exposure times, which depended on the thickness of the metal, the distance,
and the output of the betatron.  Using a mix of long and short exposures, as we did in our
analysis, would produce a more realistic and claimant-favorable exposure assessment.

The advocate further states:
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One would have to have exact specifications of the geometries and shapes or [sic] the
uranium and of the industrial castings to plug into simulation programs such as MCNP-5. 
A 3-D CAD program front end to MCNP5 as employed in the literature would have to be
used [to] accurately model the external doses, including activation, from both types of
targets.

First, MCNP5 does not simulate the delayed radiation from photoactivation and photofission—
only the recently released MCNPX Version 2.6e has that capability.  Second, a CAD front end is
a labor-saving device—it does not yield a more accurate analysis.  SC&A staff members have
extensive experience in creating the MCNP input geometries and have constructed detailed
models of the betatron, the surrounding structures, and the object being radiographed, without
the use of such a program (see Figures 6–11, 14–16, and 18 of this review).  Third, an exact
reconstruction of the geometry of every object that was radiographed at GSI during the covered
period is impossible because such information is not available.  Furthermore, an exact dose
calculation would require knowledge of the precise location of each exposed individual at every
moment of every day.  Again, this information does not exist.  Finally, such exact calculations
are not required by EEOICPA.  What are required are reasonable and claimant-favorable
estimates of annual radiation exposures.  

Annual exposures are based on average exposure conditions and can thus be estimated more
easily and more precisely than exposures at any given moment.  The Mallinckrodt purchase
orders provide a reasonable basis for estimating the annual duration of the uranium exposures.

4.2.6  Advocate #2 Comments on Section BB.4.2:  Skyshine

The advocate points out details of the construction of the betatron buildings, based on diagrams,
presumably from the ORNL reports (Cottrel and Carrier 1990, Murray and Uziel 1992, and
Murray and Brown 1994).  We agree that the analysis should include detailed models of both
betatron buildings, as we discuss in Section 4.1.7.

The advocate also refers to the warning signs outside the Old Betatron Building.  These
signs—along with a security fence surrounding the building—seem to represent sensible
precautions on the part of GSI; they do not prove that the radiation or the skyshine produced
measured radiation fields that were considered hazardous.  Since the nearest structure—a
pattern-storage building—was 250 ft (76 m) from the Old Betatron Building, there was little
opportunity for the radiation exposure of workers not directly involved in the operations, such as
the betatron radiography team, the chainmen transporting the irradiated castings, or workers
performing maintenance in the building.  He also reiterates his comment regarding film-badge
dosimetry data, which we discuss in Section 4.2.4.

The advocate points out the need for calculation of neutron doses.  We agree that neutron doses
should be included in order to produce a more comprehensive analysis, and addressed them in
our analysis.  However, we found only a few locations, with low total dose rates, where the
neutrons made a significant contribution.  Neutron doses constituted less than 10% of the annual
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exposures of the betatron operators.  Neutron radiation was a greater problem for hospital
betatron facilities, which primarily relied on lead for radiation shielding.  Lead provides good
protection from photon radiation, but is relatively ineffective in shielding against neutrons.  GSI,
as well as other industrial facilities, relied on concrete and sand, which provides better protection
from neutrons.

The advocate questions the use of the Attila computer program; we agree that the use of this
program should be better documented.  He suggests that a preliminary analysis which SC&A
performed of the delayed radiation from the photofission and photoactivation of uranium
following betatron radiography, using MCNPX Version 2.6c, be utilized by NIOSH.  That
calculation is superceded by the analyses reported in the present review.

The advocate urges that both betatron buildings should be modeled.  We discuss this issue in
Section 4.1.2.  He also mentions the construction of the roofs, and the presence of workers on the
roofs.  Although a more precise analysis may well include the construction of the roofs (as was
done in our assessment), we doubt that this would have any significant impact on the results.  We
agree that the possible presence of workers on the roofs should be addressed, as noted in our
analysis.  He further mentions the presence of electricians at the capacitor banks on the second
floor, which we discuss in Section 4.1.10.  He requests more details on the calculations of
scattered radiation in the Appendix.  We agree that a more detailed discussion of the skyshine
results should be included.

4.2.7  Advocate #2 Comments on Section BB.4.3:  Steel Dose Rates

The advocate concludes that, based on his discussion with Jack Schuetz:  “the 100 [R/min] figure
is on the low side and is not claimant favorable.”  We agree with this observation and discuss it
in Section 3.2.7.

The advocate reiterates his comment about a 3-D CAD front end, to which we respond in
Section 4.2.5.  He also criticizes MCNP5, which was not used in the Appendix BB analysis.  He
mistakenly refers to Fe as an activation product of uranium.  We agree that this nuclide is not53

the only activation product of steel, although it is the largest contributor to the external dose in
the first few minutes after the betatron exposure (see Section 3.2.7).  Other nuclides make
significant relative contributions to the external doses from irradiated steel.  However, as
discussed on page 64, our own analyses indicate that the radiation from irradiated steel makes a
minor contribution to the exposures of GSI workers.  Therefore, the actual dimensions of the
steel and its actual composition would not have a significant effect on the results.  We agree with
the need for assessing radiographic sources other than the betatrons, as discussed in
Section 4.1.2.

The advocate criticizes Appendix BB for not utilizing the work of Kuttemperoor (1974, 1975). 
MCNPX Version 2.6e, released in November 2007, incorporates data on activation cross-
sections based on the most recent experimental data and theoretical measurements.  These data
incorporate and/or supercede Dr. Kuttemperoor’s results.
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Contrary to the advocate’s assertion, it is not necessary to “model the large variety of GSI
military and industrial castings” to produce a bounding estimate of the doses from irradiated
steel which, as discussed on page 64, make only a minor contribution to the exposures of GSI
workers.  

4.2.8  Advocate #2 Comments on Section BB.4.4:  Uranium Dose Rates

The advocate requests better documentation for the assertion in the Appendix that
photoactivation of uranium results in dose rates that are negligible compared with those from the
uranium metal.  Although we agree with this conclusion in the Appendix, we also agree that this
assertion should be better documented in the report, as should the analysis of photo-induced
fission products, which we discuss in Section 3.2.8.  The advocate refers to modeling different
geometries of uranium, which we discuss in Section 4.1.3.  He questions the conclusions that
uranium fission occurs in the first few centimeters of the surface being exposed.  Although we
agree with this conclusion, we also agree that an illustration of the fission density within the
metal would enhance the presentation of these results in the Appendix and make them more
comprehensible to a layman.  

The advocate also requests a more detailed presentation of the activation and fission products. 
Given the approach chosen by Allen and Glover, in which they first calculate the fission rate in
the metal, then characterize the photon spectrum based on the ORIGEN code, then calculate the
dose rates from these fission products, we agree that a more detailed discussion of these steps
would be appropriate.  He again cites the Kuttemperoor (1974, 1975) papers, as well as papers
by Schmitt and Sugarman (1953) and Schmitt and Duffield (1957) (whom he erroneously refers
to as Sugarman and Duffield).  While we commend the advocate and his associates for the depth
of their research on this subject, they should be aware that the data bases utilized by Allen and
Glover (as well as data utilized by the SC&A staff members who prepared this review) have
been compiled by physicists who continually review and evaluate reports on experimental and
theoretical research in their respective specialties.  Therefore, the papers cited by the advocate,
as well as much more recent data, are already reflected in these data bases.

The advocate repeats his earlier comment about the distance from the metal, which is discussed
in Section 4.2.5.  He also refers to each uranium slice being exposed four times.  We agree that
there were multiple overlapping exposures, which we discuss in Section 4.1.4.  He then presents
a summary of his comments, all of which we have addressed in the preceding sections of this
chapter.  His next comment addresses the exposure of workers other than betatron operators or
workers handling steel within 2 h of the radiographic exposures.  We discuss the exposures of
workers to radioactive sources in Section 4.1.2, while the exposures of other workers are
discussed in Section 4.1.10.



Draft SCA-TR-TASK1-0024 73 April 21, 2008

NOTICE:  This report has been reviewed for Privacy Act information and has been cleared for distribution. 

However, 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.

4.2.9 Advocate #2 Comments on Section BB.5.3:  Summary of Intakes of Radioactive
Material

The advocate refers to extensive contamination with uranium dust.  We cannot confirm that this
was the case, but we discuss the issue of uranium contamination on page 66 of this review.  He
also questions the estimates of “aerosolized” (also known as “resuspended”) uranium dust.  We
also have concerns about the resuspension model presented in the Appendix, which are also
discussed on page 66.  The advocate states that the fission and activation products in uranium are
not characterized.  Although Allen and Glover are correct in concluding that these nuclides make
a very small contribution to the internal dose, we concur with the advocate that their results
should be presented in a more quantitative manner.



Draft SCA-TR-TASK1-0024 74 April 21, 2008

NOTICE:  This report has been reviewed for Privacy Act information and has been cleared for distribution. 

However, 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.

REFERENCES

Allen, D., and S. Glover. 2007. “Site Profiles for Atomic Weapons Employers that Worked
Uranium and Thorium Metals - Appendix BB:  General Steel Industries,”
Battelle-TBD-6000,Appendix BB, Rev. 0.
http://www.cdc.gov/niosh/ocas/pdfs/tbd/b-6000-apbb-r0.pdf

Allis-Chalmers Manufacturing Company (Allis-Chalmers). 1951. “Betatron Instruction Manual.”
Milwaukee, WI: Author.

Bechtel National, Inc. 1994. “Certification Docket for the Remedial Action Performed at the
Granite City Site In Granite City, Illinois, June 1993"

Chu, S. Y. F., L. P. Ekström, and R. B. Firestone. 1999. “WWW Table of Radioactive Isotopes.”
http://nucleardata.nuclear.lu.se/nucleardata/toi/.

"Comment and Reply Re: Appendix BB to Battelle TBD-6000 for the General Steel Industries
Site.  Submitted to OCAS and its Director, Larry Elliott, as a public comment to the July 17-19,
2007, ABRWH meeting and as a public docket comment to the Appendix BB for posting on the
OCAS Web site." 2007. http://www.cdc.gov/niosh/ocas/pdfs/d20/020pp2.pdf

"Critique to NIOSH of Appendix BB to Battelle TBD-6000 for the General Steel Industries SEC
AWE Site." 2007. http://www.cdc.gov/niosh/ocas/pdfs/d20/020pp1.pdf

Cottrell, W. D., and R. F. Carrier. 1990. “Results of the Radiological Survey at the Granite City
Steel Facility, Granite City, Illinois,” ORNL/RASA-89/10. Oak Ridge, TN: Oak Ridge National
Laboratory, 

Eckerman, K. F. 2007. “Re: Inhalation/Ingestion Dose Coefficients for Short-lived Nuclides.”
Attachment to <eckermank@bellsouth.net> (Keith Eckerman) November 24, 2007, personal e-
mail to Robert Anigstein, SC&A, Inc.

Elliot, D. E. 1956. “Sources, Films, and Development As Applied to Uranium Radiography.” In
G. H. Tenney (Ed.), “Nondestructive Testing of Uranium: A Compilation of Papers for the
Symposium in Los Alamos, October 5 and 6, 1956,” LAMS-2064 (Vol. 1).

Environmental Protection Agency (U.S.) (EPA). 1997. “Exposure Factors Handbook.”
EPA/600/P-95/002Fa. Washington, DC: Author.

[Former GSI Workers]. 2007. “Shooting Procedures of Steam Chest.” Attachment to “Emailing:
STEAM CHESTS” November 26, 2007, personal e-mail to Robert Anigstein, SC&A, Inc.

General Steel Castings Corp., Plant Engineering Department (GSCC). 1969. “Plant Layout,”
Change F, Drawing 28337.

http://www.cdc.gov/niosh/ocas/pdfs/tbd/b-6000-apbb-r0.pdf
http://nucleardata.nuclear.lu.se/nucleardata/toi/ 
http://www.cdc.gov/niosh/ocas/pdfs/d20/020pp2.pdf
http://www.cdc.gov/niosh/ocas/pdfs/d20/020pp1.pdf


Draft SCA-TR-TASK1-0024 75 April 21, 2008

NOTICE:  This report has been reviewed for Privacy Act information and has been cleared for distribution. 

However, 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.

GSI General Steel Industries Magazine. 1963, September.

“General Steel Industries.” n.d. Company brochure.

“General Steel Unveiling Giant X-Ray Machine Here.” 1952, January 14. Granite City Press-
Record.

Goldsmith, W.A., R. W. Leggett and F. F. Haywood. 1981. “Radiological Survey of the
Mallinckrodt Chemical Works, St. Louis, Missouri,” DOE/EV-0005/27, ORNL-5715. [Report
cited by Westbrook and Bloom 2007, but not consulted for the present review.]

Google 2007. Google Earth (Version 4.2). [Computer software].
http://earth.google.com/download-earth.html

Hendricks, J. S., et al. 2007. “MCNPX, Version 26E,” LA-UR-07-6632. http://mcnpx.lanl.gov.

House, J. D. (Ed). 1964. “Cast Steel Axle for World’s Largest Power Shovel.” GSI Magazine,
21(4) (December). Granite City, IL: General Steel Industries, Inc.

International Commission on Radiological Protection (ICRP). 1995. “Dose Coefficients for
Intakes of Radionuclides by Workers,” ICRP Publication 68. Annals of the ICRP, 24(4).
Tarrytown, NY: Elsevier Science, Inc.

International Commission on Radiological Protection (ICRP). 1997. “Conversion Coefficients
for use in Radiological Protection against External Radiation,” ICRP Publication 74. Annals of
the ICRP, 26(3/4). Tarrytown, NY: Elsevier Science, Inc.

Kerst, D. W. 1951. “Section VII: Betatron Theory.” In “Betatron Instruction Manual.”
Milwaukee, WI: Allis-Chalmers Manufacturing Company.

Knoll, G. F. 2000. Radiation Detection and Measurements, 3rd ed. John Wiley & Sons, Inc.

Kuttemperoor, V. Z. 1974. "Photon Activation of Materials Subjected to Betatron Radiography."
Materials Evaluation, 32(7), 153–156.

Kuttemperoor, V. Z. 1975. "Photon Activation of Alloys and Elements Used in Industrial Parts
Requiring High-EnergyX-Ray Radiography." Materials Evaluation, 33(5), 113–119.

Leaders, W. M., and Pilot Plant Personnel. 1953. “AEC Research and Development Report:
Process Development and Quarterly Report, Part II,” NYO-1358. St. Louis, MO: Mallinckrodt
Chemical Works.

Little, C. A., and L. McDowell-Boyer. 2005. “Weldon Spring Plant – Site Description,”
ORAUT-TKBS-0028-2. http://www.cdc.gov/niosh/ocas/pdfs/tbd/weldon2.pdf

http://earth.google.com/download-earth.html
http://mcnpx.lanl.gov
http://www.cdc.gov/niosh/ocas/pdfs/tbd/weldon2.pdf


Draft SCA-TR-TASK1-0024 76 April 21, 2008

NOTICE:  This report has been reviewed for Privacy Act information and has been cleared for distribution. 

However, 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.

Murray, M. E., and K. S. Brown. 1994. “Results of the Independent Verification Survey at the
Old Betatron Building, Granite City, Illinois (GSG001),” ORNL/RASA-94/2. Oak Ridge, TN:
Oak Ridge National Laboratory.

Murray, M. E., and M. S. Uziel. 1992. “Results of the Radiological Survey at the New Betatron
Building, Granite City Steel Facility, Granite City, Illinois (GSG002),” ORNL/RASA-91/8. Oak
Ridge, TN: Oak Ridge National Laboratory.

Pelliccioni, M. 2000. “Overview of Fluence-to-Effective Dose and Fluence-to-Ambient Dose
Equivalent Conversion Coefficients for High Energy Radiation Calculated Using the FLUKA
Code.” Radiation Protection Dosimetry, 88(4), 279–297.

Putzier, E. A. 1982. “The Past 30 Years at Rocky Flats:  A Summary of Experiences and
Observations at Rocky Flats Plant Over the Past 30 Years with Emphasis on Health and Safety.”
Golden, Co: Rockwell International Energy Systems Group, Rocky Flats Plant (prepared for
U.S. Department of Energy, unpublished).

Sarkar, A. K. 2004. “An Evaluation of UV Protection Imparted by Cotton Fabrics Dyed with
Natural Colorants.” BMC Dermatology 4,15.
http://www.pubmedcentral.nih.gov/picrender.fcgi?artid=526772&blobtype=pdf.

Sarkar, A. K. n.d. “Mediating Exposure To Environmental Hazards Through Textile Systems.”
In “Colorado AES Projects 2006-2007." http://www.colostate.edu/dept/aes/projs/217.html.

Scherpelz, R. 2006. “Site Profile for Atomic Worker Employers that Worked Uranium and
Thorium Metals,” Battelle-TBD-6000 Rev. F0.
http://www.cdc.gov/niosh/ocas/pdfs/tbd/bat-6000-r0.pdf

Schmitt, R. A., and R. B. Duffield. 1957. "Low-Energy Activation Functions for Photofission of
U  and Th ." Physical Review, 105(4), 1277–1284.238 232

Schmitt, R. A., and N. Sugarman. 1953. "Uranium Photofission Yields." Physical Review, 89(5),
1155–1156.

Segrè, E. 1977. Nuclei and Particles, 2nd ed. Reading, MA: The Benjamin/Cummings
Publishing Company, Inc.

Schuetz, J. G. 2007. Letter report to Samuel Glover, NIOSH/OCAS, May 1, 2007.

Storm, E., and H. I. Israel. 1970. “Photon Cross Sections from 1 keV to 100 MeV for Elements
Z = 1 to Z = 100.” Nuclear Data Tables, A7, 565-681.

Taulbee, T. D. 2002. “Office of Compensation Analysis and Support: External Dose
Reconstruction Implementation Guidelines,” OCAS-IG-001, Revision 1. 

http://www.pubmedcentral.nih.gov/picrender.fcgi?artid=526772&blobtype=pdf
http://www.colostate.edu/dept/aes/projs/217.html
http://www.cdc.gov/niosh/ocas/pdfs/tbd/bat-6000-r0.pdf


Draft SCA-TR-TASK1-0024 77 April 21, 2008

NOTICE:  This report has been reviewed for Privacy Act information and has been cleared for distribution. 

However, 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.

Tenney, G. H.  (Ed.). 1956. “Nondestructive Testing of Uranium: A Compilation of Papers for
the Symposium in Los Alamos, October 5 and 6, 1956,” LAMS-2064 (Vol. 1).

Tokai Research Establishment, JAERI. 2001. DECDC 1.0: Nuclear Decay Data Files for
Radiation Dosimetry Calculations, DLC-213, RSICC Data Library Collection [Computer
software and manual]. Oak Ridge, TN: Oak Ridge National Laboratory.

Wallo, A., III U.S. (Department of Energy). 1989. Letter to Carl Canon, Granite City Steel
(April 12).

Weakley, E. A. 1963. “Status of Alloyed Dingot Program.” Richland, WA: General Electric,
Hanford Atomic Products Operation.
http://www.osti.gov/energycitations/servlets/purl/10175105-cU2tX0/native/10175105.PDF

Westbrook, J. L., and C. W. Bloom. 2007. “Basis for Development of an Exposure Matrix for the
Mallinckrodt Chemical Company St. Louis Downtown Site and the St. Louis Airport Site, St.
Louis, Missouri,” ORAUT-TKBS-0005, Rev. 02.
http://www.cdc.gov/niosh/ocas/pdfs/tbd/mallink-r2.pdf

Williams, W. A. 1991. “Authority Determination--Granite City Steel Site, Granite City, Illinois.” 
U.S. Department of Energy Memorandum.

http://www.osti.gov/energycitations/servlets/purl/10175105-cU2tX0/native/10175105.PDF
http://www.cdc.gov/niosh/ocas/pdfs/tbd/mallink-r2.pdf

	DraftSCA-TR-TASK1-0024-PAcleared.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	1-1

	Page 8
	Page 9
	Page 10
	1-2

	Page 11
	Page 12
	Page 13
	1-3

	Page 14
	1-4
	1-5
	1-6
	1-7
	1-8
	1-9

	Page 15
	1-12
	1-13
	1-10
	1-11

	Page 16
	1-14
	1-15
	1-16
	1-17
	1-18
	1-19

	Page 17
	1-20
	1-21
	1-22
	1-23

	Page 18
	1-24
	1-25
	1-26
	1-27
	1-28
	1-29
	1-30
	1-31
	1-32
	1-33

	Page 19
	1-38
	1-34
	1-35
	1-36
	1-37

	Page 20
	1-39
	1-40

	Page 21
	1-41
	1-42
	1-43
	1-44

	Page 22
	1-49
	1-45
	1-46
	1-47
	1-48

	Page 23
	1-50
	1-51
	1-52
	1-53
	1-54

	Page 24
	1-55
	1-56

	Page 25
	1-57
	1-58

	Page 26
	1-59
	1-60
	1-61

	Page 27
	1-62
	1-63

	Page 28
	1-64
	1-65

	Page 29
	1-66
	1-67
	1-68
	1-69
	1-70

	Page 30
	1-71
	1-72
	1-73
	1-74

	Page 31
	1-75
	1-76

	Page 32
	Page 33
	1-79
	1-77
	1-78

	Page 34
	1-80
	1-81

	Page 35
	1-82
	1-83

	Page 36
	Page 37
	1-84
	1-85
	1-86
	1-87
	1-88

	Page 38
	1-89
	1-90
	1-91
	1-92
	1-93
	1-94

	Page 39
	Page 40
	1-95
	1-96

	Page 41
	1-97
	1-98

	Page 42
	1-101
	1-102
	1-99
	1-100

	Page 43
	1-103
	1-104
	1-105
	1-106

	Page 44
	Page 45
	1-107
	1-108

	Page 46
	1-109
	1-110
	1-111

	Page 47
	1-112

	Page 48
	1-113
	1-114
	1-115

	Page 49
	1-116
	1-117
	1-118

	Page 50
	1-119
	1-120

	Page 51
	1-121

	Page 52
	1-122
	1-123
	1-124
	1-125

	Page 53
	Page 54
	1-130
	1-126
	1-127
	1-128
	1-129

	Page 55
	1-131
	1-132
	1-133
	1-134

	Page 56
	1-135
	1-136
	1-137
	1-138
	1-139
	1-140

	Page 57
	1-141
	1-142
	1-143

	Page 58
	1-144
	1-145

	Page 59
	Page 60
	Chapter 3
	1-146
	1-147
	1-148
	1-149

	Page 61
	1-150
	1-151

	Page 62
	Page 63
	1-152
	1-153
	1-154

	Page 64
	1-155
	1-156
	1-157
	1-158

	Page 65
	1-159
	1-160

	Page 66
	1-161
	1-162
	1-163
	1-164
	1-165

	Page 67
	Page 68
	1-168
	1-166
	1-167

	Page 69
	Page 70
	1-169

	Page 71
	1-170

	Page 72
	1-171
	1-172

	Page 73
	1-173

	Page 74
	1-174
	1-175
	1-176
	1-177
	1-178
	1-179

	Page 75
	1-180
	1-181
	1-182
	1-183

	Page 76
	Page 77
	1-184

	Page 78
	1-185
	1-186
	1-187
	1-188
	1-189
	1-190

	Page 79
	1-191
	1-192
	1-193
	1-194
	1-195
	1-196
	1-197

	Page 80
	1-198

	Page 81
	1-199

	Page 82
	1-200
	1-201
	1-202
	1-203

	Page 83
	1-204

	Page 84
	1-205

	Page 85
	1-206

	Page 86
	1-207

	Page 87
	1-208

	Page 88
	Page 89
	Page 90


