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REVALUATION OF AN INDIVIDUAL'S* RADIATION EXPOSURE AT (ITS IN 1963-64 

D. S. Myers 
Hazards Control Department 

June 23, 1982 

INTRODUCTION 

The FRAN prompt burst reactor began operation at NTS on November 1, 1962 and 
continued in use until April 1965. During this interval, the reactor produced 
about 180 bursts with the largest being about 5.6 X 10 fissions. From 
January 2, 1963 to August 12, 1964, the individual periodically performed 
maintenance and troubleshooting functions on various components of the FRAN 
reactor system. In June, 1980, the individual requested a review of the 
radiation dose that he received from his involvement with the FRAN reactor. 
An evaluation of the individual's radiation dose associated with the FRAN 
reactor operation was performed by Sharon horots and is documented in a 
memorandum to George Campbell dated January 16, 1981.'" 

The evaluation by Hoots was based on hand calculations cf the beta and gamma 
dose rates from the various FRAN reactor components arid the estimated times 
required to perform different tasks. The resultant radiation dose rates and 
doses were compared to available film badge, fission foil, and survey meter 
readings. 

* The specific name has been withheld to conform to the requirements of the 
Privacy Act relating to radiation dosimetry records. The person who is the 
subject of this report is referred to throughout this report as "the 
individual". 



- 2 -

It was necessary to make certain assumptions to prevent the hand calculations 
from getting totally unwieldy. For example, in the hand calculations average 
beta and gamma energies were used rather than detailed spectral data and 
estimates of the total radioactivity in the reactor at any time were based on 
summing the contributions from the most recent bursts rather than including 
the residual radioactivity from all of the previous bursts. 

After talking with several individuals both inside and outside the Laboratory, 
the individual felt that additional work should be done to try to reduce some 
of the uncertainties associated with the dose estimates presented in Hoots' 
evaluation. 

In September 1511, I was asked by Bob Becker in the Plant Manager's Office if 
I could review the original dose evaluation performed by Hoots. With the 
concurrence of Wade Patterson, I spent about 20-25^ of my time for the next 
several months performing this evaluation, it was my intent to approach the 
re-evaluation independently from Hoots and to computerize as many of the 
required calculations as possible. Computer calculations do not eliminate the 
need for assumptions, but they reduce the number required. 

Shortly after the reevaluation was begun, it was decided that it would be 
useful to make measurements on the GODIVA-IV prompt burst reactor at Los 
Alamos. The construction of the GQOIVA-Iv reactor is similar but not 
identical to that of the FRAN reactor. The measurements on the GODIVA-IV 
reactor were performed and documented' ' by Dale Hank ins of the Hazards 
Control Department. 
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This report details the re-evaluation of the individual's estimated radiation 
dose from the FRAN reactor assembly, as derived from computer calculations, 
GODIVA-IV measurements, personnel dosimetry results, and a re-construction of 
work scenarios. 

DESCRIPTION OF THE FRAN REACTOR 

The FRAN prompt burst reactor was a cylindrical oralloy (93.5% U) 
assembly approximately 4-5/8 in. (11.75 cm) in height and 7 in. (77.78 cm) in 
diameter. A sketch of the reactor is shown in Fig. 1. The reactor had an 
interna? annular void into which samples could be introduced for irradiation. 
The annular void was 4 in. (TO.16 cm) deep, 3-1/8 in. (7.94 cm) in outside 
diameter, and 1/2 in. (1.27 cm) thick. Six vertical holes 4 in. (10.16 Cm) 
deep were spaced equally in the oralloy ring surrounding the irradiation 
void. Three of the holes were approximately 1 in. (£.54 cm) iri diameter, and 
housed the control rods. The other three holes were approximately 3/3 in. 
(Q.95 cm) in diameter, and were for oralloy alignment pins. The safety block, 
which was located immediately below the main core at the time of a Durst, 
consisted of several plates of totaling a thickness of 1.13 in. (2.9 cm) and 
containing about 13 kg of oralloy. The full assembly contained 63.2 kg of 
oralloy. A detailed description of the FRAN reactor and its operation is 
contained in a report titled The FRAN Prompt Burst Reactor.^ ' 
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RADIOACTIVITY IN THE FRAN REACTOR 

The first step in estimating the radiation doses frora the FRAN reactor and its 
components is to determine the amount of radioactivity in the reactor as a 
function of time. Fortunately, a detailed history of the date of occurrence 
and the size of all of the FRAN bursts is available in the records. 

NUMBER OF FISSIONS 
One of the primary ways of measuring the size of the bursts on FRAN was with a 
thermocouple used to measure the temperature rise in the fuel. One of the 
thermocouples was mounted approximately 1.5 in. (3.79 cm) out radially from 
the axis of the assembly and about 1/4 in. (0.635 cm) below the mid-plane of 
the assembly. At this location, the indicated temperature increase was about 
30% lower than the true temperature rise in the center of the fuel.' ' On 
page 271 in FRAN Logbook No. 2^ ' it indicates that the total number of 
fissions for a burst can be obtained by multiplying the temperature rise of 
this thermocouple by 1.94 X 10 fissions per degree Centigrade. 

With the assistance of the individual, a list was generated of the number of 
fissions occurring in the reactor as a function of time following startup on 
November 1, 1962. In many cases, the records did not specifically give the 
time of day the burst occurred. These burst times were estimated by reviewing 
the logbooks. The initial operation of the reactor on November 1, 1962, was a 
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power run whfch Tasted about 62 min. at a power of about 175 watts. Since 3.1 
X 10 fissions per second equal 1 watt, the total number of fissions 
estimated for the power run is: 

(175 watts)(3.1 X 1 0 1 0 fissions/sec.-w£tt)(3720 sec.) = 2.0 X 1 0 1 6 

fissions 

The list of the number of fissions as a function of time from November 7, 7962 
to August 12, 1964 is given in Appendix 1. 

FISSION PRODUCTS 
The radioactivity in the reactor at any time is the sum of the residual 
activity from each of the previous bursts. A relationship between the number 
of beta particles emitted by fission products as a function of time, given by 
Glasstone,' ' is as follows: 

Rate of emission of beta particles = (3.8 x 10" ) t * particles 
per sec.-fission 

where t = days following fission 

It is further stated that the rate of emission of gamma photons from fission 
products is one-half that of beta particles. The relationship is quite 
accurate out to about six months after the fission occurs, after which time it 
begins to overestimate the residual activity. This overestimate is about a 
factor of 2 at twelve months. Since most of the radioactivity in the FRAN 
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reactor at any time results from bursts within the last six months, this 
overestimate of activity from bursts more than six months old would not be 
significant. As an example, on October 21, 1963, which was the start of the 
major disassembly and decontamination operation, about 90% of the 
radioactivity was from bursts occurring within the previous six months even 
though the reactor had been in operation approximately one year. 

A computer program was developed to calculate the fission product activity in 
the reactor at any time given the time and size of the individual bursts and 
the decay rate of fhe fission products. This program, wMch is listed in 
Appendix 2, requests the user to input the time in days, to two decimal 
places, since reactor startup. It responds with the beta activity in 
disintegrations per second. The gamma activity is one-half of the beta 
activity, according to GUsstone. 

An additional program was written which plots the beta activity, in 
disintegrations per second, on a day-to-day basis, from November 1, 1962, to 
August 12, 1964. This program and plot are given in Appendix 3, 

In addition to the fission product inventory as a function of time, other 
important parameters in determining the radiation dose rates from the FRAN 
assembly are the spectra of the beta particles and the gamma photons. The 
precise spectrum at any time would be a composite of the spectra from the 
residual activity from all of the preceding bursts. Beta and gamma spectra 

235 from the fission products of U as a function of time are given by 
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Nelms and Cooper. It was general practice to perform maintenance work on 
the reactor following a weekend to allcw for some "cooling" of the core. As a 
result, major maintenance was not normally begun until at least 3-4 days after 
the last burst. The beta and qanma spectra selected for the calculations in 
this analysis are those for 4.5 days following fission and are given in 
Appendix 4. These spectra were assumed to be representative of the activity 
in the reactor core at any time, k review of the beta and q,amma spectra %\ve.n 
in Ref. 6 indicates some variation in the relative intensity of the spectral 
components as a function of time, but there do not appear to be any major 
shifts which would have a sign.ficant effect on the calculated dose rates. 

23S The natural radioactivity from U is about 140 mrem/hr at the 
surface/'^ This natural radioactivity does not provide a significant 
(about 1 to 2%) contribution to the total dose rate as compared to the dose 
from the fission products. However, the gamma component of the natural 
activity was included in the calcjlations because the required spectral 
information was readily available. The beta component of the natural 
radioactivity was not included in the calculations. 

FISSION PRODUCT DISTRIBUTION 
The distribution of the fission product activity is not uniform throughout the 
core. It is at a maximum at the center and decreases towards the surfaces of 
the core. The distribution of the fission products was measured with fission 
foils during the operation of the reactor. On page 271 of the FRAN Operations 
Logbook No. 2,' ' values of the fission product distribution from the center 
of the core to the radial surfaces are given. This information is plotted in 
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Fig. 2. The shape of the curve approximates a cosine curve and, according to 
Fred Kloverstronr of LLNL who has considerable experience witi burst 
reactors, the extrapolated "zero point" occurs at about 0.6 era outside the 
surface of the reactor. Also according to Mr. Kloverstrom, it can be presumed 
that the axial distribution of fission products is approximately the same as 
the radial distribution. 

MEASUREMENTS 

As noted in the Introduction, radiation measurements were made on the 
GODIVA-IV prompt burst assembly at Los Alamos. The GODIVA-IV assembly has a 
gometry similar, but not identical to, the FRAN reactor. The purposes ov the 
measurements on GODIVA-IV were to: 

1. Provide radiation doses as a function of distance from the core and 
intervening absorbers with which to compare calculational results; and 

2. Compare radiation doses measured with presently used TLD doslrneters 
with the film badge configuration used by the individual when he 
worked around FRAN. 

The radiation measurements made on GODIVA-IV were begun on December 21, 1981, 
four days after the most recent burst. This time wes chosen following the 
burst to approximate the normal delay interval prior to work on the FRAN 
reactor. Although G00IVA-IV has been in heavy use for many years, it had only 
been operated a few times in the four months prior to the radiation 
measurements in December 1981. 



. 9 -

As noted earlier, the results of the radiation measurements made at GODIVA-IV 
werf. reported by Hankins.- ' The specific results that relate to the dose 
reconstruction for the individual are discussed in this report under 
""adiation Dose Estimates." 

The computer code used to perform electron transport and perform the dose 
estimates from the beta particles requires the input of the specific 
composition of the absorbing materials. Since latex gloves and a lab coat 
were worn by the individual when he worked on the FRAN reactor, it was 
necessary to determine their chemical composition. Since we did not know 
precisely what type of gloves or lab coat the individual wore, he was asked to 
select types that most closely approximated the ones that he wore, to the best 
of his recollection. 

Tne gloves selected were "roll proof" surgeon's gloves. This selection agreed 
with Mel Chew's recollection^ ' that these latex gloves were commonly in use 
at NTS in the early 1960's. Mr. Chew is an LLNL employee who spent 
considerable time working at NTS in the 1960's. The average thickness of the 
gloves was 0.010 in. {0.0254 cm) and the density was 0.89 g/cm . The lab 
coat selected had an average thickness of 0.018 in. (0.046 era) and & density 

3 of 0.54 g/cm , An analysis of the elemental composition of the gloves and 
lab coat was arranged for by Jim Johnson of the Hazards Control Department. 
Tt\e analysis consisted of a combustion procedure to determine the oxygen, 
nitrogen, carbon and hydrogen content ar.H x-ray fluorp?cence to determine the 
trace elements. The results of the analysis are given in Appendix 5. 
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RADIATION DOSE RATE CALCULATIONS 

COMPUTER COOES 
Two radiation transport codes were used to estimate the radiation dose rates 
from the FRAN reactor assembly and its components. The first is HANDYL which 
is a Monta Carlo photon and electron transport code. The second code is the 
MORSE-L code which is used tc transport gairnia rays and neutrons and is also a 
Monte Carlo type code. The MORSE-L code is particularly suited to handling 
radiation transport problems involving high self-absorption. It is a very 
useful code for handling the gamma component of the dose in this problem 
because of the high self-absorption in tne uranium. 

The HANDYL program is capable of handling photons over the whole range of the 
input gamma spectrum whereas the MORSE-L code is limited to gamma photons 
above 125 keV. Thus, when providing the input spectrum from the fission 
products for the MORSE-L problems, photons below 125 keV (about 25% of the 
total) are placed into the 125-keV energy bin. One might expect higher 
results from the MORSE-L code compared to HANDYL because of this. In fact, 
the results of the gamma problems run on MORSE-L ARE about 20 percent higher 
than those run on HANDYL. Some of this difference is likely due to the 
difference in the input energy spectrum. 

The HANDYL program also transports the secondary electrons produced by the 
primary photon irteractions. These secondary electrons are a significant 
contribution to the dose in some cases. These are noted in the figures as the 
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gamma (soft) component. The MORSE-l code does not foil- the secondary 
electrons as doe;, the HANDYL code; however, the MOftSE-L code is much quicker 
to run. 

Several separate calculations were made using both codes. In general, the 
HANDYL code was used to establish the ratio of the soft component of the dose 
(betas plus secondary electrons from the gamma rays} to the gamma dose as a 
function of distance and intervening absorber. This ratio was then applied to 
other configurations for which gamma doses were calculated with the HQRSE-L 
code. 

INPUT TO CODES 

The primary intent of the calculations was to estimate the radiation doses to 
the basal layers of the skin on the hands, forearms, and the face and chest 
area. The thickness of the basal layer and the overlying epidermal layer 
varies with location on the body. Th-3 thicknessas of the epidermis and the 
basal layer as a function of body site were given by Whitton,' ' The 
thicknesses of the epidermal and basal layers used in the calculations are as 
follows: 
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Hands 30 
Forearms 6 
Face and chest 3 

Table 1 

Thicknesses of epidermal and basal layers at various locations 

Epidermal layer Basal layer 
Body site fmg/cm2) (mg/cn»2) 

20 
4 
2 

The density of the air at NTS is somewhat less than it is at sea level because 
of the higher elevation. According to Ken Peterson of LLNL, ' the average 
density of the air at NTS averaged throughout the year is approximately 1.085 

-3 3 X 10 g/cra . This value was used for the beta dose calculations. 

The specific configurations for which radiation dose calculations were made 
are as follows: 

1. Single core disk - A disk 1 in. (2.54 cm) thick and 7 in. {17.78 cm) 
in diameter. This approximates the disks that made up the core of 
the FRAN reactor. This configuration is particularly important 
because a substantial portion of the total dose received was during 
decontamination of the individual disks prior to plating and "surface 
finishing" the disks after plating. The assumption was made that the 
activity was uniformly distributed in the piate. This was felt to be 
a valid assumption because during the decontamination and surface 
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finishing operations the plates were handled in a variety of 
different configurations so that on the average, the activity for 
dose calculation purposes could be assumed to be averaged over the 
whole disk. However, for the beta particles and electrons released 
by the photon interactions, it was assumed that they originate only 

235 in the tap Q.G6Z5-cm layer of the \i disk which is their maximum 
range in uranium. The dose rates as a function of time, both 
perpendicular and at various angles from the center of the disk, $re 

shown in Figs. 3 and 4. [t is assumed in the angular calculations 
that the soft components of the dose rates are proportional to the 
gamma dose rates. 

2. Full assembly - These calculations were for the full core assembly. 
The calculations were made at various distances from the side of the 
coi-e (Fig. 5) and at various vertical distances at a radial distance 
of 18 in. (45.72 cm) from the side of the core (Fig. 6). The dose 

rates at 18 in. (45-72 cm) were important because during most of the 
work around the intact assembly, the face and chest were at 
approximately 18 in. (45.72 cm). The beta dose rates shown in Fig. 5 
are based on the measurements made by Hankins on G00IVA--IV. They are 
based on the beta-to-gamna ratio measured by Hankins on "le side of 
the core and are adjusted for the 0.01 in, (0.0254 cm) cadmium 
plating that FRAN had thac GOOIVA-IV does not have. It ;ho"!d be 
noted that the beta to gamma ratio as measured on the side of the 
core on GODIVA-IV is considerably lower than calculated by the HANDYL 
code for a core disk assuming uniform activity distribution. The 
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calculated ratio is about seven to one, including the secondary 
electron component, as shown in Fig. 3. The measured value is about 
one to one. However, since the betas and electrons originate from 
the top 0.0625 cm, the ratio would be very sensitive to absorption or 
fission product distribution patterns at the side of the core. For 
example, as shown in Fig. 2, the fission product activity is falling 
quite rapidly toward the edge of the core. The beta component comes 
from the very surface layer while the gamma rays come from the first 
centimeter where the average fission product inventory is somewhat 
higher. This particular fact, however, does not account for all the 
difference between calculations and measured values. 

3. Control rods and burst rods - Calculations were made for a cylinder 1 
in. (2.54 cm) in diameter and 4 in. (10.16 cm) in length. This 
approximates the FRAN control and burst rods. The soft component 
(beta plus electron) dose was assumed to be in the same ratio as that 
calculated for the single disk. The results are shown in Fig. 7. 

COMPARISON OF CALCULATED AND 
MEASURED DOSE RATES 
Throughout the course of the operation of the FRAN reactor, gamma radiation 
measurements were made periodically to monitor the radiation fields from the 
residual fission product activity. Normally, these measurements were made at 
one spscific location near the core, but on October 14, 1963, a week prior to 
the major disassembly, rtecon, and plating operation, a more detailed radiation 
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survey was made. This survey, which used film badges, a survey instrument, 
and pocket dosimeters, is documented on page 72 of the FRAN Operational 
Logbook NO- 2. 

Estimates of the gaima radiation dose rates based on the calculatioiial 
results, were made at a few points where their comparison with measured dose 
rates would be relatively straightforward. A diagram showing the measured 
versui calculated results is shown in Fig. 8. In general, the agreement 
between calculated and measured results is reasonably good, 3s is the 
agreement between the film badges (two at each location), survey meter, and 
dosimeters. With the exception of the filn badge results at position 1, the 
results are within 50% of each other in all cases, with the majority of the 
results being closer than that. During the time of the disassembly and 
decontamination procedure, radiation measurements were made on the individual 
uranium plates. On October 23, 1963, the contact readings on the uranium 
disks ranged from 2 to 2.5 R/hr, The contact reading on the "top hat" 
section, which is the central core of the reactor, was 5 R/hr. The calculated 
value, assuming uniform distribution of activity over the disks, was 2.1 R/ht 
(corrected for decay). It is likely that the instrument used to make the 
measurements was the JUNO-type survey meter, which means that the actual 
measurement was at a distance of about 1-7/2 in. (3.81 cm) rather than at 
contact. However, it is likely that the measurements were taken at the 
"hottest" spots on the disk<,„ and there may have been some contribution from 
the relatively intense beta radiation (and associated bremsstrahlung 
radiation) even though the beta window was closed on the instrument. A 
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measurement made with a JUNO 9 survey meter and a Sr beta source indicates 
that the reading with the beta window closed is about 2% of the open window 
reading. With the surface dose of about 14.5 R/hr at contact, the apparent 
reading on a JUNO would be about 300 mrem/hr. Considering all these factors, 

the agreement between the measured and calculated valuas is considered to be 
quite reasonable. 

A hand calculation was made to estimate the beta radiation dose at the surface 
of the uranium disk to serve as a check point on the computer calculations. 
The hand calculation is straightforward because the beta dose rate at the 
surface of the uranium is exactly one ha-.f of the dose in the interior of the 
uranium. Since essentially all of the energy released in the interior is 
absorbed in the uraniui.1, the dose in ergs per gram is the same as the energy 
released in ergs per gram. The average energy of the beta spectrum based on 
the work of Nelms and Cooper is 0.349 MeV per disintegration at 4.5 days after 
fissioning. The dose rate calculated by hand (correcting for the thickness of 
the gloves - 22.6 mg/cnr - and the epidermal layer of skin on the palms of 

2 
the- hand - 30 mg/cm ) was 8.2 rad/hr. The computer calculated result was 11 
raa/iir, so again the results are in reasonable agreement. 

DOSE RATE fROH 
SECONDARY ELECTRONS 
As noted earlier, the dose rate from the secondary electrons at the basal 
layer of tissue in the hand is about three times as large as the gamma dose 
and approaches the dose (64%) from the beta particles. This contribution from 
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the secondary electrons is larger- than 1 would have intuitively guessed that 
it would be. I discussed this question with a number of people throughout the 
country, trying to find some information with which to compare my results. 
Among those I talked to were Martin Berger at the National Bureau of 
Standards, Frank Attix at the University of Wisconsin, Bill Roesch at Battelle 
Northwest Laboratories, Ralph Nelson from the Stanford Linear Accelerator, 
Kenneth Kase at the Harvard Medical School, and Jerry Oummer from Los Alamos 
National Laboratory. None of these individuals, or others I talked to, was 
aware of any calculational or experimental information with which I could 
compare my calculated results for the dose from the secondary eiectrons, but 
the consensus of these individuals was that the results did not seem 
unreasonable. 

[ made a very crude hand calculation as to how many secondary electrons would 
be produced by the photons interacting in the top 0.0625 cm of the uranium. 
The result indicated there were about 35* as many electrons produced in the 
layer as there were beta particles originating in that layer and heading 
toward the surface. Since the secondary electron dose was calculated to be 
about 6451 of the beta particle dose to the basal layer of the skin, the 
agreement of this very approximate hand calculation with the computer 
calculation is within about a factor of 2. 
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RADIATION DOSE ESTIMATES 

WORK SCENARIOS 
With the estimated dose rates for specific FRAN configurations available, it 
was then necessary to establish work scenarios for the individual's work on 
the FRAN reactor. Using the FRAN Operational log books, trip vouchers, and 
personal recollections, the individual developed a list of work scenarios. 
Tha reconstructed work scenarios, which include a brief description of the 
work done, an estimate of the distance of the face-chest area and the hands to 
the reactor components, and an estimate of the time required to perform the 
operation, are given in Appendix 6. 

FILM BADGE RECORDS 
Also available are the results of the film badges which the individual wore 
whan he worked around the FRAN reactor. The film badge consisted of a duPont 
film packet with a #508 low-range and a #834 high-range film. A 28-mil-thick 
lead strip wrapped around the packet covered an area about 1 in, (2.54 cm) by 
1/2 in. (1.27 cm) on each side. The packet was in a ,004-in, (.0102 cm) thick 
plastic bag. The film badges were issued, processed, interpreted, and 
reported by the Reynolds Electrical & Engineering Co. (REECO), which provided 
(and still does) the dosimetry service at the Nevada Test Site. 

When Hoots did her initial evaluation, she requested a detailed review of the 
individual's film badge records for the year 1963 from REECO. The results of 
this reuiew were reported in a memo from Arden Bicker to Hoots on 
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October 27, 1 9 8 0 ' ' . Mr. Bicker indicated in the memo that one of the 
films couldn't be located. This film was subsequently found and the results 
reported in a memo to Hoots on (December 8, 1980* '. There was also a 
question about one of the issue dates for one of the films. I talked to J. 
Srady of REECO who was able to establish the issue date for the film badge in 
questici. In addition, he provided the film badge record for •ome work that 
the individual had performed at the FRAN reactor in August 1964. 

The results of the film badges are shown in column Z in Table 2. The values 
are for Y radiation with no 6 (or soft) component indicated on the films. 
One cf the questions that hasn't been fully answered in this reevaluated is 
that no indication of B exposure was seen on the badges. There are some 
plausible explanations as to why a significant portion of the g might have 
been masked and this is discussed in more detail ufider "Discussion." 

EXPOSURE-TIME ESTIMATES 
The basic method of estimating the doses the individual received was to 
establish the y dose rate at the film badge for a particular scenario and 
ther; estimate the time he would have had to spend at that task to produce the 
recorded dose on the film badge. The resultant time estimate was then used to 
obtain the dose rates to the basal layer of skin on the face-chest area and 
the hands. These calculations are detailed in Appendix 7. 

The time estimates derived from the film badge results were compared with the 
time estimates made by the individual for each of the tasks. In the majority 
of instances, the time estimates based on the film badge results agreed to 
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within about 30% of the time estimates made by the individual. However, in 
three instances, the time estimates made by the individual were substantially 
larger than could be supported by the film badge results. The scenarios where 
the significant time estimate differences occurred were 

Individual's Time Est. 
Date(s) Film Sadge Time Est? 

10/21/63 3 
10/22-25/63 5 
0S/ll-l?/64 3 

It was decided for the purpose of the report to "what if" the time estimates 
and include doss projections based on the individual's time estimates in 
addition to the dose results based on the film badge time estimates. 



Table 2 

Dose* Estimates for the Various Work Scenarios 

Fi lm Badqe 
GAMMA 

FACE AND CHEST HANDS 
Fi lm Badqe 

GAMMA 
B a s e d on 
GAMMA 

Dosimetry 
BETA 

B a s e d o n T i m e Estimates Based on Dosimetry Based on Time Estimates 
Dates 

Fi lm Badqe 
GAMMA 

B a s e d on 
GAMMA 

Dosimetry 
BETA GAMMA BETA GAMMA BETA GAMMA BETA 

01 /2 -9 /63 .11 .14 .28 .14 .28 .61 5.3 .61 5.3 

03/7-8/63 NA NA NA .29 2.3 NA NA 15.0 108 

06/27-28/63 0 .14 .63 .14 .63 .52 5.1 .52 5.1 

10/21/63 .047 . 0 5 3 .28 .16 .84 1.8 9.6 5.4 28.8 

10/22-25/63 .124 .18 1.7 .90 8.5 9.9 68.4 49.5 342 
10/29-11/1/63 .270 . 0 0 7 5 .075 . 0 0 7 5 .075 1.8 12.5 1.8 12.5 
11/11-15/63 1 .38 1.9 .38 1.9 17.3 57.5 17.3 57.5 
11/20/63 V . 0 3 2 .33 .032 .o3 1.7 11.5 1.7 11.5 
11/26-12/13/63 .250 .28 .45 .28 .45 7.4 37.4 7.4 37.4 
8/11-12/64 • 060 • 072 • 72 .216 2.16 4.2 28.8 12.6 86.4 

Subtota l • B61 

. 8 6 1 

1 .3 

7 J 

6.4 2.6 17.5 45.2 236.1 111.8 694.5 

Tota l 

• B61 

. 8 6 1 

1 .3 

7 J 

6.4 

20.1 281 .3 806.3 

* Dose Estimates in rem to Basal Layer of Skin. Film ge readings in rem of penetrating radiation. 
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TOTAL DOSE ESTIMATES 
The- results for each of the task scenarios and both of the time estimate 
regimes are given in Table 2. The gamma and beta skin doses based on the film 
badge results are given in columns 3 and 4 for the face-chest area and 7 and 8 
for the palms of the hands. ,ha gamma ind beta doses based on the 
individual's time estimates are given in columns 5 and 6 for the face-chest 
area and columns 9 and 10 for the palms of the hands. In those instances 
where the exposure time estimates, based on the film badge results and t̂ ie 
individual's time estimates were within 30» of each othe-. that was considered 
tc be reasonable agreement and the estimated doses for both methods were those 
derived from the f^lm badge results. The summary of tha skin doses, including 
estimated doses to the forearms, is jiven in Table 3. 

It was estimated that the forearm doses were approximately Z £ times those for 
the face-chest area since in most cases th.̂ ir distance from the source was 
about 12 in. (30.48 cm) compared to the typical face-chest to source distance 
of 18 in. (45.72 cm). The distance of U in. (30.48 cm) for the forearms was 
chosen because some of the skin problems the individual experienced occurred 
at this location and it was felt that it would be useful to have dose 
estimates. There were portions of the arm that were closer than 12 in. (30.48 
cm) to the source and the estimated doses would be correspondingly higher. 
For example, at 8 in. (20,30 cm) the estimated dose is about a factor of 2 
larger than it is at 12 in, (30.48 cm). 
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Table 3 
Work Scenario Dose* Estimate Totals 

Baseo' on Dosimetry Based on Time Estimates 
T S Total y 6 Total 

Face and Chest 1,3 6.4 7.7 2.0 17.5 20.1 
Forearas (@ 12 in.) 2.9 14.1 17,0 5.7 36.5 44,2 
Hanas (Palms) 45.2 236.1 281.3 111.8 694.5 806.3 

*Doses In Rem to Basal Layer of Skin 

The radiation doses given in Tables 2 and 3 are based on a number of specific 
assumptions made in performing the calculations. However, *t is realized that 
these assumptions can only hope to approximate t*ie actual exposure 
conditions. In estimating the aoses or range of doses that the individual 
actually received to the basal layer of skin in various areas, it is 
appropriate to round off the total dose estimates in Table 3. These values 
are shown in Table 4. 
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Table 4 
Estimates of Total Skin Doses* Received By The Individual 

^ Based on Dosimetry Based on Time Estimates 
Face and Chest 8 20 
Forearms 17 45 
Hands(Palms) 300 800 

*Do$es in rem to basal layer of skin. Values are taken from Table 3 and 
rounded off. 

It is difficult to estimate the accuracy of the total dose estimates because 
of the numerous assumptions that had to be made in performing the 
calculations. However, there are some general comments which can be made: 

1. To my knowledge there were no assumptions made that could have led to 
a significant underestimate of tke doses received. 

2. Calculated anr". measured y doses vere within 50% of each other in 
almost all cases, with the major-ty being closer than that. 

3. The time estimates based on the film badge results agreed with the 
individual's independently derived time estimates in the majority of 

cases. In those instances where they did not agree, the individual's 
time estimates were included to provide alternate results which are 
shown in column 2 of Table 4. It is our (the individual's and mintf) 
opinion that these dose estimates serve as upper limits to the actual 
doses received. 

4. If we assume that the film badge gave a reasonably accurate estimate 
of the penetrating dose, then the estimated total sKin doses giveri in 
column 1 of Table 4 are probably accurate to within a factor of 2. 
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5. A potentially significant error in the dose estimates is the assumed 
& to T

 d o s e rate ratio. The ratio used in the fiose estimates which 
includes the secondary electrons produced by the y rays interacting 
in the uranium, was derivtd from computer calculations since there 
are no documented measurements of that information. The computer 
derived B-to- T dose ratio is on the order of 7 to 1 (including the 
secondary electrons) whereas the value measured on the side of the 
tiDtiiva It reactor by 'flan'siTis is on the order of "i to T. However, as 
noted earlier in this ret rt, there may be some inaccuracies in 
extrapolating data fnm the Godiva IV reactor to the FRAN reactor. 
In any event, the cotfBLiter derived 3-to-y dose rate ratios, which 
lead to correspondingly higher total doses, were used i" the 
calculations with the exception of those for the intact core where 
Hankins' measured ratios were used. 

6. It was assumed that when the individual was working on the reactor 
core components directly that his hands were essentially i" 
continuous contact with the uranium for the time intervals 
s.qwcifi.ea. It i.s, my s^.w.'W, t'w.t ttus •iwwVi&'t, * twatfr^sAvre \ip>'pev 
limit for the hand doses received in those specific scenarios. 

In summary, it is my conclusion that based on presently available information, 
the actual skin doses received by the individual quite probably are within a 
factor of 2 of doses shown in Column 1 in Table 4, with the values in Column 3 
in Table 4 serving as upper limits. It is very unlikely, in my opinion, that 
the doses exceed those given in Column 3. 
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DISCUSSION 

The only relatively complete personnel dosimetry -iata available for the 
individual's work at the FRAN reactor are the film badge records. I asked a 
few individuals who had been supported at NTS by the Reeco film badge service 
in the early 1960's what their experience had been with the dosimetry 
system. I talked to Bryce Rich (currently EG&G), Jerry Dunraer ( L A S L ) , and 
William King (LLNL). It was the general consensus that there were some 
shortcomings with REECO's film badge arrangement, particularly in making 
accurate assessments of non-penetrating radiation, but that the badge 
configuration was not untypical of those in use at the time. Also there was a 
general agreement that to the best of their knowledge, penetrating doses were 
measured with reasonable accuracy. This isn't to imply that the film badge 
results for penetrating radiation aren't subject to some inaccuracies, but 
neither is there any reason to believe that -hey were grossly in error. For 
this reason, it is my recommendation that the radiation doses based on the 
film badge results be the values officially entered into the individual's dose 
records. However, for the purpose of discussing t .•> possible effects of the 
radiation exposure, I think it is prudent to consider a range of doses, 
including those based on the individual's time estimates, which he feels can 
serve as upper limits. 

It is instructive to compare the estimated doses the individual received 
around FRAN in 1963 and 1964 with maximum permissible dose limits at the 
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time. The relevant maximum permissible dose limits in 1963 as established by 
the AEc' 1 4^ were as follows: 

Type of Exposure Dose (rem) 
Whole body, head and trunk, 5(n*-18) year 
or lens of the eye 3/Qtr 
Skin 30/year 

10/Qtr 
Hands and Forearms 75/year 

25/Qtr 

* n equals the age in years at next birthday 

Face ana Chest - The range of dose estimates to the skin of the face and 
chest (8 rem to 20 rem) is within the annual limit of 30 rem. The total skin 
dose estimate based on the film badge is within the quarterly limit (10 rem), 
Out the skin dose based on time estimates for the 4th quarter of 1963 (about 
14 rem) exceeded the quarterly limit. 

Forearms - As discussed in the section on radiation dose estimates, the 
doses to the forearms at an assumed distance of 12 in. (30.48 cm) were 
estimated to be approximately 2.2 times those for the face chest area because 
of their closer proximity to the radioactive material. The range of dose 
estimates to the forearms (17 rem to 45 rem) is within the annual limit of 75 
rem. The total skin dose estimate based on the film badge is within the 
quarterly limit of 25 rem, but the skin dose based on time estimates for the 
4th quarter of 1963 (approximately 30 rem) is slightly above the quarterly 
limit. 



28 -

Hands - The estimated range of doses to the skin on the palms of the hands 
(300 rem to 800 rem) is from 4 to nearly 11 times the annual permissible dose 
limit to the hands of 75 rem. There is not a specific dose limit for the skin 
on the hanos, but for the purposes of this discussion, the limit for the ha is 
was used. The estimated range of doses to the skin of the palms of the hands 
during the 4th quarter of 1963 ranges from 10 to 23 times the quarterly 
permissible dose limit. 

In summary, the estimated range of doses to the skin of the face and chest and 
to the forearms were within annual permissible limits. However, in the 4th 
quarter of 1963 the maximum estimated skin doses to the face and chest and 
forearms slightly exceeded the quarterly limit. The estimated range of doses 
to the palms of the hands is from 4 to 11 times the annual permissible limit, 
and 10 to 23 times the quarterly permissible dose limit for the 4th quarter of 
1963. 

Some of the current maximum permissible dose limits have been revised since 
(151 1963. The current Department of Energy maximum permissible dose limits* ' 

are as follows: 
Type of Exposure Dose (rem) 

Whole body, head and trunk 5/year 
or lens of the eye 3/Qtr 
Skin 15/year 

5/Qtr 
Forearms* 30/year 

10/Qtr 
Hands* 75/year 

25/Qtr 

* All reasonable effort will be m a c to keep the doses to 
forearms and hands to the limit fo> skin. 
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In general the reductions in maximum permissible doses for the skin and 
forearms reflect an increasing interest in reducing occupational radiation 
doses to the lowest practical levels. 

As discussed earlier in this report, there was no indication of any B (or 
soft) component recorded on the individual's film badges. This is somewhat 
unexpected because the 13 toy ratio as measured at the side of the core was 
about' 1 to 1 and the calculated J3 to y ratio for a core plate was about 7 to 
1. Also, Hankins' measurements at Godiva IV indicated that the film oadge 
configuration used by REECO in 1963 responded to the 13 (or soft) component of 
radiation. This was true even with an NTS security badge in front of the film 
badge, although the soft component readings were reduced by about a factor of 
2. 

There are several possibilities that could have led to the masking of the B 
readings on the individual's film badge. They are as follows; 

1. During the operation involving the largest exposure, which was the 
deconning of the U-235 plates, it is conceivable that the 
individual's film badge hung down below the lip of the hood in which 
he was working. This could have entirely masked ti:e roft radiation 
component. 

2. The exterior surface of the FRAN reactor was plated with Cd. The 
nominal thickness was .010 in. (.0254 cm). This is the value assumed 
in the calculations. Measurements by Hankins at Godiva IV indicated 
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that .010 in. (.0254 cm) of Cd would cut out 803S of the soft 
radiation. It is possible, according to the individual, that the Cd 
plating on the exterior of the FRAN reactor was .015 in. (.0381 cm) 
thick after replating. This would have eliminated essentially all of 
the soft component of the radiation, 

3. There was a considerable amount of equipment and support structure 
around the reactor core and safety block. Certainly at many 
locations around the reactor assembly, the individual's badge would 
have been masked from the soft radiation component. 

Although there are plausible explanations why the individual's badge might 
have been masked from the majority of the soft componsnt of radiation, the 
soft component of the dose was included in the skin dose estimates whenever it 
could have conceivably contributed. 
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APPENDIX 1 
FISSIONS AS A FUNCTION OF TIME FROM THE FRAN REACTOR 

November 1, 1962 to August 12, 1964 

Tv£Vrj* T-K.HJH1 P»7 
t 2 . 0 E + 1 6 0 . 6 7 
2 4.BE + 15 7 . 4 5 
3 6 . 7 E + 1 5 7 . 5 0 
4 7 . 9 E + 1 5 7 . 5 7 
S 1 .0E+16 7 . 6 6 
6 1 .2E+16 7 . 7 3 
7 1 .3E+16 8 . 4 6 
S J - £ £ + J£ B,£3 
9 I . 7 E + 1 6 8 . 6 7 

10 1 .6E+16 1 3 . 4 6 
11 1 .7I .*16 1 3 . 5 B 
12 l . f iE+16 1 3 . 6 3 
13 l .GE+16 1 3 . 6 7 
U 2 . 0 O 1 G 1 3 . 7 1 
15 2 . 7 E + 1 6 1 4 . 4 9 
16 2 . 5 E + 1 6 1 4 . 5 8 
17 Z .9E+16 1 4 . 6 7 
18 2 . 9 E + 1 6 1 5 . 4 6 
19 3 . 3 E + 1 6 I S . 5 8 
2 0 7 . 4 E + 1 5 2 7 . 9 1 
21 1 .4L+16 2 8 . 4 6 
22 Z .1E+16 2 8 . S B 
23 1.9E+1G 3 4 . 4 6 
24 2 . 2 E + 1 6 3 4 . 5 8 
2 5 2 . 6 E + 1 6 3 5 . 4 6 
2 6 7 . 2 E + 1 5 4 9 . 4 6 
27 1 . 2 F + 1 6 ! 9 . 5 8 
28 1 . 7 : +16 f . 0 . 4 6 
2y 2 . 1 1 + 1 6 5 0 . 5 8 
3J0T 2 . 2 E + 1 6 7 0 . 6 3 
31 3 . 1 E + 1 6 7 1 . 4 6 
32 3 . S E + 1 6 7 5 . 6 9 
33 3 .4E+1G 7 6 . 4 6 
34 J . 6 E * I 6 7 7 . 4 6 
3 S 4 .2E + 16 7 7 . 5 S 
36 4 . 4 E + 1 6 7 7 . 6 7 
37 5 . 1 E + 16 7 B . 4 8 
33 7 . 8 E + 1 5 1 0 6 . 4 6 
39 1 .6E + 16 1 0 6 . 6 8 
40 1 . 9 E + 1 6 1 1 0 . 4 6 
41 2 . 4 E + 1 6 1 1 1 . 4 6 
42 2 . 8 E + I 6 1 1 1 . 5 8 
4 3 3 . 1 E + 1 6 1 1 2 . 4 6 
44 2 . 5 E + 1 6 1 1 9 . 4 6 
45 3 . 2 E + 16 1 3 3 . 4 6 
4G 3 . 2 E + 1 6 1 3 4 . 4 6 
47 4 .JBTE + I 6 1 3 4 . 5 8 
48 3 . 1 E + 1 6 1 4 8 . 6 7 
49 1 .2E + 1E 1 6 8 . 4 6 

2 . 2 E + 1 6 1 6 8 . 5 8 
. 1 3 . 4 E + I 6 1 6 9 . 4 6 

52 i . l E + 1 6 1 6 9 . 5 8 
5 3 3 . 1 E + 1 6 1 9 0 . t i 3 
b4 3 . 0 E + 16 1 9 4 . 5 0 
55 3 . 1 E + 1 6 1 9 5 . 7 1 
56 £ . 1 E * I 6 1 9 7 . 5 8 
57 2 . 9 E + I 6 2 0 2 . 5 8 
58 Z . 9 E + 1 6 2 0 2 . 6 7 
S3 Z.0E + 16 2 0 3 . 5 4 
6 0 a . 2 E + l 6 2 0 3 . 6 7 

luesc* FlismMS tWT 

61 1.5E+J6 217.58 
62 Z.5E+16 217.69 
63 2.CE+16 223.72 
64 2.6E+16 224.65 
65 2.5E+16 231.61 
66 A.1E + 16 243.S3 
67 2.9E+16 252.70 
6B 3.6E+16 ?53.49 
69 3.7E+16 253.58 
70 1.8E+I6 259.50 
71 2.9E+16 259.63 
72 4.0E + I6 266'.50 
73 2.0E+16 260.63 
74 2.0E+16 273.63 
76 3.1E+16 274.63 
76 3.0E+16 280.46 
77 3.4E+I6 230.54 
78 3.9E 15 ;-"3ff.63 
79 I.6E+16 ^9b.66 
30 3.6E+I6 308.5tf 
81 Z.flE+16 315.58 
82 2.9E+16 3Z3.G0 
83 I.8E+16 320.63 
84 2.4E+16 229.49 
85 3.5E+16 33CT.5B 
85 1.9E+16 343.58 
87 3. 1F. + 16 343.69 
8 3 4.3E+16 344.58 
89 2.0E+16 349.5a 
90 2.7E*16 350.58 
91 1.3E + 16 •'•12.92 
92 2.3E+16 413.46 
93 2.9E + 16 413.50 
94 3.3E+16 414.52 
95 3.4E+16 439.fi7 
96 3.9E+16 439.79 
97 1.2E+16 445.46 
98 1.9E+16 445.60 
99 2.6E+16 446.64 
100 2.9E+16 473.60 
101 1.4E+16 489.46 
102 2.3E+16 489.58 
103 2.5E+16 490.46 
104 3.1E+16 490.58 
105 1.4E+16 494.58 
106 3.4E+16 494.57 
107 3.2E+16 495.46 
1B8 1.5E+16 497.58 
109 2.1E + 16 503.58 
IIS 1.2JT + J6 508.58 
111 3.1E+16 509.58 
112 3.2E+16 511.46 
113 1.4E+16 511.58 
114 i.lE+16 516.58 
115 3.2E+16 519.46 
116 3.2E+16 519.58 
117 2.7E+16 529.50 
118 3.5E+lb &30.4B 
119 3.SE+I6 533.58 
120 3.7E*!6 537.46 

!21 3.BF+16 b39.46 
122 3.1E+16 540.46 
123 1 .3E + 16 L.57.46 
134 1.2E+16 558.46 
125 3.8C+16 P5n.67 
I2G 4.2L+1G 560.67 
127 1.9C+16 574.58 
123 3.7E+16 '>75.5C 
129 3.9E+16 570.50 
130 4.7E+16 578.63 
131 4.4E+16 579.50 
132 I.UE+16 579.63 
133 4.0E+16 580.50 
134 /1.4E + 16 581.50 
13r. 5.4E + 16 581.63 
136 1..PE + 16 586.67 
137 > t . 9 t+16 S96.5CT 
138 3 . 0 E + 16 6 2 2 . 5 0 
139 4.0E+16 623.58 
140 4.4E+10 627.5J 
141 5 . 5 E + 1 6 62S1.67 
142 2 . 2 E + 1G (..31 . b.j 
143 3 . 5 E + 1 6 IJ31.58 
l - ! l I . l E + 16 (.35.5(7 
M:> 3.J»r + 16 0 3 6 . 5 0 
1&6 5 . 5 E + \ 6 U 3 6 . 6 3 
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APPENDIX 2 
PROGRAM TO CALCULATE S ACTIVITV IN FRAN REACTOK AS A FUNCTION OF TIME 

November 1, 1962 to August 16, 1964 

1 C . THIS IS A PROGRAM TO CALCULATE THE BETA ACTIVITY IN VIS 
2 C... PER StCOMO FROM THE FRAN REACTOR STARTtNG ON 1/1/62 THRU 8/15/64. 
3 C... THE PROGRAM ASKS FOR THE DAY OF INTEREST AND THEN DETERMINES 
4 C... THE AMOUNT OF ACTIVITY PRESENT AT THAT T[HE. 
5 PROGR/iM D1SPSCC(TAP£59.BURSTS.TAPE3--BURSTSJ 
5 DIMENSION F 1150 .', T I I 50 > 
7 N5146 
8 00 2 1=1.N 
9 Z READ< J. 1 1 I ) M I ' , T( t) 

La 111 FORMAT)IX.E7,1.1X.F6.2) 
11 WRITE IS 9, 100) 
12 1B0 FORMAT! "L'HAT IS THE VALUE OF D IN A Z DECIMAL PLACE FORMAT ?«) 
13 REAO<59,101! Q 
14 101 FORMAT(F6.2> 
15 A=il 
16 DO ] 1=1 .fJ 
18 IF!Z.LT.0.) GO TO 5 
19 1 A=A*F1 I )«(D-Ti I .']**(-] .2 J 
20 !, A=J.SE-6"A 
21 WRITE<59,203) A 
Zr 2 3 i ; FORiiATf "THE VALUE OF A I S « , . I X E 8 . 2 > 
£3 CALL LXJT 
2.1 I. Ill' 
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APPENDIX 3 

PROGRAM TO CALCULATE B ACTIVITY IN FRAN REACTOR ON DAY 8Y DAY BASIS 

November 1, 1962 to August 15, 1964 

•.. THtS IS A PROGRAM TO CALCULATE THE BETA ACTIVITY IN DlS 
... PER SECOND FROM 'HE FRAN REACTOR STARTING ON 1/1/62 THRU 8/15/64. 
•.. IT IS ALSO SUPPOSED TO PLOT THE RESULTS. 

PROGRAM FRANPLTfTAPE 100,BURSTS,TAPE3=BURSTS> 
DIMENSION F( 150) ,T< 150 ), XI 650) ,Y(650> 
N=146 
DO 2 1=1.N 

Z READ(.l, M l > F< I>. Til ) 
i n FORfiATriK,ET.r,r5r,Fff.z-r 

CALL CRTIDUHFRAN.l) 
CALL KEEP 80 
0=1 
0=650 
DO 3 I Is 1,0 
X( II1-0 
A=0 
DO 1 1=1,N 
Z=D-T(I) 
IFCi.LT.0.) SO TO 5 

] A=A*F(I)»(D-T<I))*«(-!,Z) 
5 Y< II )-3.8E-6*A 

D = Q»-1 
3 CONTINUE 

XMIN=0 
XMAX=65tf 
YMIN=1E*9 
YMAX=LE*13 
CALL MAPGSLIXMIN.XMAX.YMIN.YHAX, .I,.9,.l,.9) 
CALL TRACE(X,V,650) 
CALL HAP10..1..0.,1.1 
CALL SETLCH<.A3,.4,1.0,1,1) 
WRJTE<100.200) 

>00 FORMAT*ZlHBETA ACT1VITY-DIS/SEC> 
CALL SETLCH< .i..0S,1.0,1,0> 
WRITEf100.2011 

Zri FORHATTJ8HEAYS SlfTZE IirifGZl 
CALL SETLCH<.25,.97.1.0.1,0) 
WRITE)100.20Z) 

iBZ FORMAT*31HBETA ACTIVITY FROM FRAN REACTOR) 
CALL FRAME 
CALL PLOTE 
CALL EXIT 
END 
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APPENDIX 3 
PLOT OF 6 ACTIVITY IN FRAN REACTOR 
November 1, 1962 to August 15, 1964 

BETA fCT IU ITY IN FRAN REACTOR 

1 — — - _ _ — _ _ 

•••[i 111 i l l 1 I F F _ _ : « : _ _ ztig: 

»:te»4i; i=^itJ 
| , r 1 = E = = ! I S J s :5H55OT |lE:Pr;EPFx 

•-. 1 
J 

i .. — «• . 

' 

DflYS SINCE U/1 '62 
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APPENDIX 4 
FISSION PRODUCT fl AND r SPECTRA 

The following 3 and y spectra are 
days after fissioning. The gamma 
Activity values are per fission. 

for fission products in 2 3^u at 4.57 
spectrum includes 235y (j e c ay gammas. 

Group E(MeV) B/sec x / sec 

1 .0340 1.85 x 1 0 " 4 5.75 x 10 " 4 

2 .0425 5.69 x 1 0 " 5 4.44 x 10 " 4 

3 .0567 8.38 x 1 0 " 5 4.24 x 10" 5 

4 .0729 1.25 x 10~ 5 2.46 x 10 " 4 

5 .1021 1.55 x 1 0 " 4 6.36 x 1 0 " 6 

6 .1277 1.74 x 1 0 - 4 2.53 x 1 0 - 4 

7 .1703 1.89 x 1 0 " 4 4.58 x 1 0 " 5 

8 .2128 1.56 x 1 0 - 4 3.34 x 1 0 " 4 

9 .2554 1.66 x 1 0 " 4 1.81 x 1 0 " 4 

10 .3193 2.09 x 1 0 " 4 4.31 x 1 0 " 4 

11 .4257 1.98 x 1 0 - 4 6.78 x 1 0 " 5 

12 .5108 1.80 x 1 0 " 4 5.98 x 10* 4 

13 .6386 2.19 x 1 0 " 4 5.93 x 1 0 " 4 

14 .8514 1.38 x 10~ 4 7.21 x TO" 4 

15 1.0217 7.58 x 10 * 5 2.09 x 10 " 4 

16 1.2772 3.69 x 1 0 " 5 5.52 x 1 0 " 5 

17 1.7029 1.36 x 1 0 " 6 3.15 x 1 0 - 4 

18 2.0435 4.44 x 1 0 - 6 3.06 x 1 0 " 5 

19 . 2.5545 5.3? x 10 " 7 1.66 x 1 0 ' 5 
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LAB COAT 

APPENDIX 5 
COMPOSITION OF LATEX GLOVES AND LABCOAT 

LATEX GLOVES 
Element Atomic Fraction 
H .61 
C .38 
N .003 
0 .004 

Mg .003* 

Element Atomic Fraction 
H .417 
C .384 
0 .196 
N .002 
Fe .001* 

•Includes small quantities of other trace elements. 
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Appendix 6 
WORK SCENARIOS #1 

Dates: 1/2/63 through 1/4/63 and 1/7/63 through 1/9/63 
1) Retorqued Stack and Safety Block (S.B.) blocks (20 min) 
2) Disassembled Scram Valves 
3) Installed new pressure switches on S.B. Cylinder. 

4) Removed rust from sample tube and applied one coat of zinc chromate. 
5) Ran air line from cave to brickhouse thru sample tube. 

#1 and #2 work performed on or adjacent to S.3. 
Hands 7" to 1" (12 hours) 
Face and chest 10" to 16" (12 hours) 
#3 Hands and body 30" from S.8. and Stack (8 hours) 
#4 and portion of #5 spent in cave. 

Foot to mid torsi 1 area 10" from S.B. and Stack (8 hours) 

WORK SCENARIOS #2 

Dates: 3/7/63 to 3/14/63 

This time frame is not backed up by travel vouchers, hut I can remember being 
at FRAN Site just prior to the criticality accident at Building 110 on 
March 26, 1963. 
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Here are some of the details noted in FRAN Log Book which I remember Ueing 
involved with. 

3/7/63 Cleaning Stack (Oy) 
Removing 2 1/2" sample pipe for decontamination 

3/14/63 Adjusted the sample forks. 
1 remember going to cave to make an adjustment on tfle forks 
but decided this sequence was not right and returned to 
control trailer to tell Dan Stillraan the same. 

Paragraph was marked out with a notation, "Good e^iiple °f 
how not to do it!" 

Decontaminated Oy Stack and reassembled 
Hands contact (12 hours) 
Face and Chest 10" (12 hours) 
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WORK SCENARIOS #3 

Dates: 6/27-6/28/63 Log #2 Page 25 

Entry in Log Book 
The employee spent two oays performing tne following maintenance on x.nv 

FRAN MacHine. 

1) Removed Scram Valves and exhaust valves to facilitate the luurication UT 
trie safety block with 2cc of Dow 200 sil oil. 

2) Drilled and tapped hole for set screw in fitting on scram port in safety 
block cylinder to facilitate future luDrication. 

3) Checked safety block Oy bolts for looseness. All bolts checked oKay. 
Torque before tightening* 5C in-lbj 
Torque after tightening* 125 in-lr>s 

4) Rotated safety block anti-rotation sleeve. Possible cause for linear pot 
trouble. 

5) Control roa screw and nut wear do not seem excessive. Snould De cuecKea 
often LI The employee will fabricate a complete new set (screws, nuts, 
tabs) for future installation. 
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6) Kemovea S.6. Cylinaer lower hose connection to lubricate cylinaer (ice Liuw 
200 si J oil.) 

Linear pot now inoperative, we nave the full 28V orop over last inch or so 
of travel. 

7) Removed safety block cylinder anti-rotation sleeve to completely luDricate 
lower cylinder rod with GE 6.300 grease. 

8) Aajustea Oalt connection tor linear pot on safety block cylinoer. Ihe 
ball connection was tight ana could be the cause ot the linear pot trouDle. 

Measured the time of burst rod insertion. The time from the out limit 10 
the in limit was "-0.6 sec + C. 1 

Ena of Quote 

Items 1, 2, 3, ana 8 were all performeo on or aojacent to the safety block 
fuel. Hanas 7" to 1" - Body (chest ana face) 20" to 16" approximate time 7 
hours. Also some additional exposure from stack especially hanas. Items 4, 6 
and 7 were performed near machine base. Hands 32" to 24" - Boay (face) 16" to 
32" approximate time 7 hours. 

Item 5 and other time spent in cave (removing parts - securing tools, etc.) (2 
hours.) 



- 50 -

WORK SCENARIOS #4 

Date: 10/21/63 

Entry in tog Book 

Starting to tear oown the stacK at^104b. 

Disassembly of the FRAN stack ana safety block was completea at islb nours. 

Veeder Root readings recorded, measured CR and ourst rod bottoming out on 
top hat section, checked torque on stack ana S.b. boltj, inaexea ring ana 
disc, aisassembled S.B. and stack (Oy). 

Hands 0" to 3" distance 
Body (face/chest) 8" to 18" distance time 3.75 hours. 

WORK SCENARIOS #5 

Dates: 10/22/63 thru 10/25'63 

Started decontamination of Oy parts, top ring was first. It was pickea up oy 
Robert Werly from FSI at 1550 hours 10/22/63. The other four parts of tne 
stack were decontaminated ana pickeo up at 1:35 pm 10/24/b3. The safety bloc* 
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discs were then decontaminated and physical measurements of top plate were 
made. These parts were storea in tne vault in building 3b 10 on 1U/25/&3. I 
recall that it was a big push getting the parts that were to oe replatea reaay 
for shipment. This could have required overtime, also starting the 
decontamination on 10/21/63 pm. On 10/22/63 it was noted that they were 
stored in Decon Room - upper disk B.C. #2, upper disk 2 ea B.C. #3, tne tnree 
S.B. Plates B.C. #5, and top hat B.C. "107. 

Palm left hana contact 2b titers, finder tips right hand contact z4 hours plus 
right hana at 12" for 3 hours, face ana chest 18" for 25 nours. 

HORK SCENARIOS #6 

Dates: 10/29/63 thru 11/1/63 

Sometime during this week I decontam;,.-+°d tne dowel pin, burst roa, and 
control rods. {4 to 8 hours.) 
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••'ORK SCENARIOS fr7 

Dates: 11/11/63 thru 11/12/63 

"Fuel arriveo at 1130 toaay. The plating is rough, no finishing had been done 
to the parts at all." Me first tried to lap the parts with emery paper but 
after several nours I could see the corner uuilaup was too great. Arter mucn 
concern it was decided to araw file the plating ana finisn by lapping. During 
this operation all parts from Y-12 (3 disks and top hat) were locatea in the 
hood at the same time! (Note photo X1145) Two disks were cleaned up over this 
period. 

Hands contact (12J hours 

Face 18" (12) hours plus proDaole oackgrouno from t>tner parts 
Chest 16" (12) hours 

WORK SCENARIOS ff6 

Oate: 11/13/63 

Other parts finished by Bob Dury. 

I was out on sicK leave tnis oay. Please note REECO treatment form. 
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WORK SCENARIOS ?9 

Dates; 11/14/63 and 11/15/63 

It is noted on 11/13/63 that, "All of the Oy FRAN parts from Y-12 nave Deen 
sanded and cleaned. They will be inspected for dimensions tomorrow." On this 
date it is noted. "We stored tne tour Oy plates from Y-12 in trie vault in 
Builaing 5310." 

1 assume tne four plates passea inspection witn a minimum reworn. out not tne 
top hat. I recall removing the excess Cd plating on tne top hat also removed 
excessive Ni plating in T.C. grooves ana noles, ana fitting anti-rotation taos 
top slots. See photo XI145. 

Note 11/15/63 "The fuel T.C.'s have oeen aeconnea." T.C.'s were usea ror 
the grooves and holes sizing above. 

Left hana contact (l-i nours) 
Right hand contact to 3" (14 hours) 
Face 14" {14 hours) 
Chest 14" (14 hours) 
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WORK SCENARIOS »1Q 

Dates: 11/20/63 

fate: "Tne top Oy disk arrived from Rocny tna requirea lapping to smootn tne 
piatinq. J. Cramer took polaroid photos of the aisk." 

Left hand contact (3 hours) 
kignt nana contact to 4" (3 hours] 
Face 18" (3 nours) 

Chest 16" (3 nours) 

WORK SCENARIOS #11 

Dates: 11/21/63 and 11/22/63 

Horkea on machine, f i t t e d poly to assembly. No Oy stacKea at tms time. 
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MORK SCENARIOS #12 

Dates: 11/26-27/63 and 11/22/63 
12/2/63 - 12/6/63 
12/9/63 - 12/13/63 

Started restacking Oy with poly ><_flector in stepped increments. 

I did the stacking for these assemblies. I remember staying in cave during 
some of the low multiplication runs. I also remember a near criticality 
accident late one night. We assumed the Oy loss during plating would allow us 
to add 1/8" additional height to the S.B. I believe the pile period meter 
scrammed the S.B. while it was being assembled with the screw drive. Oan and 
1 called it quits for that night. 

Contact hands (8 hours) 
Time spent restacking (18 hours) 
Time spent in cave (48 hours) 
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WORK SCENARIOS #13 

Dates: 8/11-12/64 

Skimmed S.B. .005, .007 and .009" remove S.B. Oy plates and deconned, machined 
Al spacer. .007 one side restaclted S.B. 

Hands contact (6 hours) 
Face 16" to 13" (6 hours) 
Chest 16" to 18" (6 hours) 
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Appendix 7 

FRAN DOSE EVALUATION SHEET 

DATE(S) DOSES NOTES 

1/2-4/63 
i/7-9/63 
Days (6.25-
69.5) 

1. Face & Chest 

r = .14 rem 
0 = .28 rem 

Total = .42 rem 

2, Hands 
T = .61 rem 
IJ = 5.3 rem 

Total = 5.9 ran 

..V ,+' 
**FE»f 
BUBCK L*gk J . 

1. Film Baage was origtnally e-'Jiuated at 0 
mrem. It was reevaluate^ i. Oct. lybu at 
110 mrem 

2. Activity comparea to 10/21/63 

,10 2.yb x 10 
1/2/63 = = .37 

8.0 x 10 10 

JO 2.66 x 10 
1/1/63 = _ = .32 

8.0 x 10 TCT 

2.44 x 10 
1/6/63 = ^_ = .31 

8.0 x 10 10 

1/8/63 2.25 x 10 10 
^ .28 

8.0 x 10 

ave = .32 

WWl BflD!,S 
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FRAN OOSt EVALUATION SHEET 

DATE(S) DOSES NOTES 

1/2-4/63 3. Assume that at film badge location 1, 
l/7-9/b3 hands were at 3 1/2" from S.ti. ana face 
Days (6.25- ana chest were at 18" for 12 hours. 
69.5) 
cont. 4. Assume that at film baoge location 2, 

face, chest and hands were at a point 
15" aDove and 10" raaially from trie core 
for a period of 8 hours. The direct 
line distance is 17 1/2" as is shown in 
Figure. 

5. Faca ano Cnest , Dose -

a. \i nrs x 32 inrem/nr IP 21.5" lb.", 
center) x .011/.045 (ang. corr.) x 
.32 (aecay factor) = 30 mrem 

b. 12 hrs x 33 mrem/hr (core) x 
.006/.037 (ang. corr.) x .32 (aecay 
factor) = 21 mrem 

c. 8 hours x 35 mrem/nr <? 17 1/2" (coreJ 
x .32 (decay factor) = 90 mrem 

6. Face and chest fj dose -
a. 12 hrs x .32 rem/hr t? 21.5" (S.B. 

center) x .011/.045 (ang. corr.) x 
.32 (decay factor) = .25 rem 

b. No C through steel plai.e (core) 
c. 8 hrs x .01 rem/hr @ 17 1/2" (core) x 

.32 (aecay factor) = .026 rem 



- 59 -

FRAN OOSE EVALUATION SHEET 

OATE(s) DObEb NOTES 

1/2-4/63 7. Hana r dose -
1/7-9/63 
Days (6.25- a. 12 nrs x .25 rem/hr P 7" (S.B. 
69.5) center) x .11/.45 (ang. corr.) x .32 

com. (decay factor) = .23 rem 
b. 12 nrs x .075 rem/hr @ 14" ^core) x 

.32 (decay factor) = .29 rem 
c. 8 hours x .035 rein/nr if 17 1/2" 

(core) x .32 (decay ractor; = ,U9u rciii 
8. Hand B dose -

a. 12 nrs x 2.5 rem/hr 0 7" (S.B. 
center) x .11/.45 (ang. c o r. r-) x - 3 2 

(decay factor) = 2.4 rem(') 
b. 12 hrs x .75 rem/m@ 14" (core) x .32 

(decay factor) = 2.9 reim2) 
c. 8 hrs x .01 rem/m (p 17 1/2" (coreJ x 

.32 (decay factor) = .U26 rem 
(1) Calculation assumes no attenuation 

from Ca (.010") ori sine ot satety 
block since face ana lianas coula nave 
Deen slightly above it. 

(2) This oose would proDably oe to tne 
bacx or tne hanas rather tnan palms 
of the hands as other b doses are 
assumed to be. 
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FRAN DOSE EVALUATION SHEET 

OATf.(s) DOSES NOTES 

3/7-8/63 1. 
Day5 (126.5 
-127.5) 

Face & chest 
^ = .29 rem 
d = 2.3 rem 

Total 2.6 rem 

1. No film Dadge results available for 
this operation. 

2. Activity compared to 10/21/63 

JO •3/7/63 4,44 x 10 
S.O X 10 ̂ti 

= .56 

Hands 
i = ]5 rem 
b = 108 rem 

Total = 123 

""PHI 

3/8/63 = 
4.14 x 10 lu 

= .52 
8.0 x 1 0 1 0 

ave = .54 
3. Assume the majority of work fas ouring 

tn« oisassemoly, ciecon, ana reasseinoiy. 
4. Assume tnat 2 hours was requirea ror 

disassemDly and reasseniDly ana that 10 
hours was spent working on the plates. 

5. Assume face ana chest at 18" and hanas 
in contact when handling plates ana 1 
1/2" when disassembling, and assembling 
stack. 

6. Face and chest i dose -
2 hours [-033 rem/hr (core) x 
0.027/0.037 (ang. corr.) + .0^6 rem/hr 
(S.ti.) x .030/.045 (ang. corr.)] x .54 
(decay factor) + 10 nrs x .0^6 rem/hr 
(aisx) x .54 (aecay factor) •= -29 rem 

7. Face and cnest d (sou) oose 
2 hours [-0094 rera/nr (core) x 
0.027/0.037 (ang. c o r r . ) + .24 rem/nr 
(S.B.) x .Q30/.045 (ang. c o r r * ) ] x .54 
(decay f a c t o r ) + 10 hours x .38 rem/hr 
(d isk ) x .54 {decay f a c t o r ) ^ 2.3 rem. 
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FRAN DOSE EVALUATION SHEET 

OftTE(s) DOSES NOTES 

3/7-8/63 8. Hands Y aose -
uays (126.5 
-127.5) 2 nours x ,y rein/nr ^core) x .54 
cont. oecay factor + 10 nours x 2.6 rem/nr 

x .54 decay factor = is.O rem. 
9. Hands li dose 

2 hours x 10 rem/nr (core) x .b4 
(decay ractor) x lu nours x l& reui/nr 
x .54 (decay factor) = IU8 rem. 
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FRAN DOSE EVALUATION SHEET 

DATEls) DOSE NOTES 

6/27-28/63 
Days (238.5-
239.5^ 

Face and chest 
v = .14 rem 
B = .63 rem 

Total .77 rem 

1. Film badge worn auring this time was 
evaluat-.:! as 0.0 mrera witn a minimum 
detectable aose of 30 mreni. 

2. Activity compared to 10/21/63 

6/27/63 4.43 x JO 10 

8.0 x 10 TO" 
= .5 = 

Hand 
r = .52 rem 
6 = S.l rem 

6/28/64 = 
4.16 x 10 = .52 
U.O x 10 

Total 5.6 rem ave. = .54 

F'L*1 M M ! 
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FRAN DOSE EVALUATION SHEET 

DATE(s) DOSES NOTES 

6/27-28/63 3. Assume that at Location 1, hanas were 
Days (238.5- at 3 1/2" from S.H. arm tace ana chest 
239.5) were at 18" from S.B. for 7 hours. 

cont. 4. Assume tnat at Location 2, face ana 
chest were at 24" for 7 hours. Hand* 
assumed to be at a distance of 28" 
where they woulan't receive a 
significant aose. 

b. Face ano cnest -, uose -
a) 7 nours x 32 mrem/nr (i.ti.j x 

.011/.045 (ang. corr.) x .54 (aecay 
factor) = 30 mru'ii. 

b) 7 hours x 35 mrem/hr (core) x 
.006/.037 (ang. corr.) x .54 (aecay 
factor) = 21 mrem. 
7 hours x 13 mrein/nr f 34" (bottom 
of core)^' x .54 (aecay factorj - 49 mrem 

d) 7 hours x 20 mrem/ nr (S.B.)l2) x 
.54 (decay factor) x .5 (snielaing 
from steel bottom plate) = 3fi mrem. 

6. Face and cnest B dose -
aj 7 :,our;. x .31 rem/hr l<> 21.5" LS.B.) 

x .011/.045 (ang. corr.) x .54 
(aecay factor) = .29 renA 3). 

(1) Assume same intensity as 1" tnicK. 
disK 

(2) Bottoin of S.B. (assume aose similar 
to that from core side) 

(3) Calculation assumes no attenuation 
from Cd (.010) on siae of S.b. 
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FRAN DOSE EVALUATION SHEET 

DATE(s) DOSES NOTEb 

6/27-28/63 
Days (238.5-
239.5) 
COnt, 

b) No S through steel plate (core) 
c) 7 hours x ,09 rem/hr <? 34" (core 

bottom)1 x .54 decay factor = .34 
rem. 

7. Hana Y Dose -
a) 7 hrs x ">6 rem/hr @ 7" (S.B. 

center) x .11/.45 (ang. corr) x .54 
(decay factor) = .24 rem 

D) 7 hrs x -r75 rem/hr @ M " (core 
bottom) x .54 (decay factor) = .2a 

8. Hano b Dose -
a) 7 hrs x 2.5 rem/hr $ 7" (S.B. 

center) x .011/.045 (ang. corr.j x 
.54 (decay factor) = 2.3 rem' 1) 

b) 7 hrs x .75 rem/hr \$ 14" (core 
bottom)' 1; x .54 (oecay factor) = 
2.8 rem' 2) 

(1) 

(2) 

Assume same i n t e n s i t y as I " thicic 
disk 
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FRAN DOSE EVALUATION SHEET 

DATE(s) DOSE NOTES 

10/21/63 1. 
Day (354.5) 

Face and chest @ 18" 
T = .053 rem 
S = .28 rem 

Total .33 rem 

1. Reading on pocket dosimeter was 
47 mrem (locatea in shirt poc<et) 

2. Reading on hand (wrist; oosimeter 
was 300 mreni 

3. Assume following geometry wnen 
wording on intact core. 

2. Hands 
-, =1.8 rem 
ts = 9.6 rem 

Total 11.4 rem 

1 einttrtlto 
. HEIGHT Cf. 

11 fjn 

4. Film baage is locatea in a position 
wnere it might receive some snacow 
shielding from tne 3/4" steel plate, 
out it appears that it would nave 
"seen" the majority of the core. 

5. The y dose rate Troiii tne top of tne 
safety DIOCK is approximately the same 
as from a single disk aojusteo for 
angle and distance. 

6. Assume cnest ana face f 18" 
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FRAN DOSE EVALUATION SHEET 

DATE(s) DOSE NOTES 

10/21/63 ?• Assume hanas at an average aistance 
Day (354.5) of 1 1/2" when working arowa core (1/2 

cont . t ime) ana S.B. (1/2 t ime ) . Assume nanus 
in contact when h a n d i n g p la tes . 

8. Chest and face y dose -

1 hr @ 1,024 rem/h r ^? (core) + .018 
r e m / h r ' 2 ) { S . B . ) ] +• 1/4 nr @ .045 
rem/Vir = .053 rem 

9. Chest and face i j ( so f t ) aose -

1 hr 8 [ 0 0 6 9 rem/nr< 3 ) (core) + J 
r e m / h r W ( S . B . ) l + 1/4 hr @ 

,16 
(S .B . ) } 

,38rem/hr = .28 rem 

10. Hands i dose -

1/2 hr x .9 rem/hr (core) + 1/2 nr x 
1.4 rem/hr (S.B.) + 1/4 ur 0 (2.6 
rem/hr) = 1.8 rem 

11. Hands B dose -
1/2 hr x .18 reni/hr (core) + \U Mr x 
10 rem/nr (S.8.) + 1/4 hr @ (W rem/nr; 
= 9.6 rem 

12. NOTE: i dose of 1.7 rem on nanos is 
reasonably consistent witn aose or 300 
mrem @ wrist (6") 

(1) .033 rem/nr x .027/.037 (ang. corr.) 
= 024 rem/hr. 

(2) .027 rem/hr x .030/.045 (ang. corr. 
from S. B. - about 30°) = .018 
rem/hr. 

(3) .0094 rem/hr x .027/.037 (ang. 
corr.) = .0069 rem/nr. 

(4) .24 rem/hr x .030/.045 (ang. corr. 
from S.B. - about 30°) = .16 rem/nr. 
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FRAN DOSE EVALUATION SHEET 

DATE(s) DOSES NOTES 

10/22-25/63 1, 
Days (355.5-
358.5) 

Face & Chest 
> = .18 rem 
(i = 1.7 rem 

Total = ?.9 rem 

Hanas IP contact 
-, = 9.9 rem 
b = 68.4 rem 

Total = 78.3 rem 

1. Film badge for the week reaa 170 mrem. 
With 47 rnrem recorded on 10/21/62. The 
remainder for week is 124 mrem. 

Z. Assume film baoge at <L\" (oelow tne iifj 
of the hood to eliminate li) 

3. Decay from 10/2l/oJ 

10/22/63 7.0 x lu 
8.U x 10 

8.0 x 10 TO 

.88 

6.3 x 10 10/23/63 = * .79 

10/24/63 5.6 x 10 10 

8.0 x -J TO 
= .70 

10/25/63 = 5.2 x 10 
10 

8.0 x 10 TO 
= .65 

ave. .76 

4. Y dose rate @ 21" = .033 rem/hr 
.033 mrem/nr x ,7b (decay factor) = 0.25 
rem hr. 124 rem T 25 mrem/hr = 5 hrs. 

5. Plates were helo in near vertical position 
when being deconned in the hooo 

6. Chest and face y aose (? 16" -
.046 rein/nr x .76 = .035 rem/hr 
.035 rem/hr x 5 hrs = .18 rem 
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FRAN COSE EVALUATION SHEET 

DATE(s.I DUSES NOTES 

10/22-25/63 7. Chest and face ti dose -
Days (355.5- 5 hours x .45 rem/nr x .7b = 1.7 rem 
358.5) 
cont. a. Hand t & contact -

5 hours x 2.6 rem/nr x .7b = y.y rem 

5 hours x 18 rein/hr x .7b = 6b.4 rem 
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FRAN DOSE EVALUATION SHEET 

DATE(s) QOSES NOTES 

10/29/63-
11/1/63 
Days (362.5-
366.5) 

Face & Chest 
T - .0075 rem 
b = .075 rent 

Total = .0B4 ren 

Hanas p contact 
r = 1.8 rem 
& ~ 12.5 rem 

Total = 14.3 rem 

1. Film badge for the month (10/29/63 to 
U/26/&3) reaa 270 mrem-r - Hork. from 
10/2y/63 to ll/l/b3 was oecon of control 
and burst rods. 

2. Assume film Daoge oelow tie lip of the 
nood to eliminate B. Assume oauye at i;l" 

3. Uecay trosn 10/21/C3 

10/2y/b3 = 4.27 x lu TO 

10/30/63 

6.0 x lu 

4.09 x 10 
8.0 x 10 10 

.a 

= .51 

10/31/63 3.93 x 10 
8.0 x 10 TD~ 

= ,4i) 

3.78 x 1 0 ^ „, 11/01/63 = = ,J±_ 
6.0 x 1 0 1 0 

ave. = »s0 

4. > aose rate P 23" = .0038 rem/hr 
.0038 rem/hr x .50 (decay factor) = .0019 
rem/nr. Assume film Daoge at 21" 

5. Assume work took 3 hours - feaainq on film 
badge = 3 hr x .0019 rem/hr = 0057 rem 
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FRAN DOSE EVALUATION SHEET 

DATE{s) DOSES NOTES 

10/29/63- b. Cnest ana f ace-r aose (? 18" 
l l / J /63 
Days .0050 rem/hr x .50 (aecay factor) = .0025 
(362.5- rem/hr 
365.5) .0025 rem/hr x 3 hrs = .0075 rem 

cont. 7. Cnest and Fece u uose -
.05 rem/hr x 3 iirs x .50 tuecay factor) = .075 
rem 

8. HanoT aose -

1.2 rem/hr x .50 x (delay factor) 3 nrs = 1.8 
rem 

9. Hands 8 dose -
8.3 rem/nr x .50 (aecay factor) x 3 nrs = 12.5 
rem 
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FRAN DOSE EVALUATION SHEET 

DATEM OObES NOTES 

11/11-15/63 1. Face & Chest 
Days (372.5-
37t>.5) -r = .38 rem 

H = 1.9 rem 
Total = 2.3 rem 

1. Film baage for tne month (10/29/63 to 
11/26/63) read 270 mrem Y . 

2. Assume plating ana parts was 5 mils of 
nickel. 5 mils = .005,x 2.54 cm/in x 
8.75 gr/cc - .11 gr/cm2 = 110 
mg/cnr. Plating may nave been tnicKer 
than 5 mils. 

2. Hands 0 contact 
, = 17.3 rem 
13 = 57.5 rem 

Total = 74.8 rem 

3. From Hank.ins oata, 110 mg/cm w i l l 
attenuate u (su f t ) component to aDout 
48% of o r i g i na l value. 

4. Decay from 10/21/63 

3.07 x 1 0 1 0 

11/11/63 = = .38 
8.0 x 10 ° 

2.99 x 10 
U/12/63 = _ „ . = .37 

8.0 x 10 TO" 

2.92 x 1 0 1 0 

11/13/63 = „ = .37 
8.0 x 10 TTO 

2.86 x 10' 
U/14/63 = „ = .36 

8.0 x 10 TO 

2.80 x 1 0 1 0 

11/15/63 = = .35 
8.0 x 1 0 1 Q 

ave. = .37 
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FRAN DOSE EVALUATION SHEET 

DATE(S) DOSES BOTES 

11/11-15/63 5. Assume average distance of face ano chest 
Days (372.5- from 11/11-15/63 is about 16" for period ot 
376-5) 18 hours. 
cont. 

6. Assume film baage was about i y {Dut below 
trie lip of the hood). Film baoge reading = 
18 hrs x .04 rem/nr x .37 (decay factor) = 
.27 rem 

7. Chest ana face y ciose (° lb" -

.057 rem/hr x .37 (decay ractor) = .0u21 
reni/r.r, 18 firs x .0021 rem/hr = .38 rein 

8. Chest and face 6 aose @ 16" -
18 hrs x .58 rem/hr x .48 (Ni plating) x 
.37 (decay factor) = 1.9 rem 

9. Hands -, dose -
io hrs x 2.6 rem/hr x .37 (oecay factor) = 
17.3 rem 

10. Hand Q dose -
18 nrs x la rem/hr x .37 (decay factor) x 
.48 (Ni plating) = 57.5 rem 
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FRAN DOSE EVALUATION SHEET 

DATE(s) DUL>tS NOTES 

11/20/63 1. Face & Chest 1. Film badge for the month (10/2y/b3 to 
Day (381.5) 11/26/63) read 270 mrem -, . 

T = .032 rem 
b = .33 rem 2. Assume plating on parts was 5 mils of 

nickel. 5 in x 2.54 cm/in x 
Total = .36 rem 8.75 gr/cc = .11 gr/cm2 =110 mg/cm2. 

3. From Hankins data, 110 mg will 
Hands tf Contact attenuate soft component to auout 48% of 

original value 
i = 1.7 rem 
S = 11.5 rem 4. Decay from 10/21/63 

Total = 13.2 rem 11/20/63 = " = .32 
8.0 x 1 0 1 0 

5. Assume face ana chest 9 "17" tor aoout 2 
hours. 

6. Assume film badge about 20" (out below 
tne lip of tne hooo). Dose on film = 2 
hrs x .036 rein/nr = .072 rem 

7. Chest and face-, aose @ 17" -
.05 rem/hr x .32 (decay factor) x 2 
hrs = .032 rem 

8. Chest ana face b aose @ 17" -
.51 rem/hr x .32 (decay factor) x 2 
hrs = .33 rem 

9. Hand y aose -
2.6 rem/hr x .32 (oecay factor) x 2 
hrs =1.7 rem 

10. Hanas B dose -
18 rem/hr x .32 (aelay factor) x 2 hrs 
= 11.5 rem 
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FRAN DOSE EVALUATION SHEET 

DATE(s) DOSES NOT:S 

11/26-27/63 
12/2-6/63 
12/9-13/63 
Days (387.5-
403.5) 

1. Face & Chest 

Y = 
6 = 

.28 rem 

.45 rem 
Total = .73 rem 

Hands P contact 
(and 1 l/2"and 36") 
Y = 7.4 rem 
B = 37.4 rem 

Total = 44.8 rem 

1. The reading on the film badge during 
this interval was 250 mrem y . 

2. During this interval, various 
thickness of polyethylene were 
stacked around the core and safety 
block 

3. Decay from 10/21/63 

11/26/63 = 2.30 x 10 
10 

8.0 x 10 TO" 
.29 

,10 2.20 x 10 11/29/63 = = .28 
8.0 x 10 TO" 

12/2/63 = 
2.11 x 10 10 

8.0 x 10 TO 
= ,26 

12/5/63 2.03 % W 

8.0 x 10 TO 
.25 

12/8/63 1.96 x 10 10 

9.0 x 10 TO 
.25 

12/13/63 = 1.87 x JO 
10 

8.0 x 10 10 
= .23 

ave. = .26 
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FRAN DOSE EVALUATIO, SHEET 

UATE(s) D05ES NOTES 

11/26-27/63 1. Assume in tne course OT asseniDly and associated 
12/2-6/63 work that hand contact with the plates was 8 hrs. 
12/9-13,'M 
Days (387.5- i>. Assume that 10 adaitional nours were spent 
403.5) stacking polyethylene around the core (8 hrs.) 

cont. ana S.B. (2 hrs). Assume average thickness of 
polyethylene is 1 1/2". 

6. Assume that 30 aciuitional hours were spent in tne 
cave at a distance of 3' with the polyethylene in 
place. 

7. Assume tne 1 1/2" of polyethylene reduces , 
oose by about 20% and eliminates b (soft) 
component of dose. 

8. Assume chest and face at 18" when stacxing 
polyethylene or handling inuividual plates. 

9. Face ana cnest > cose -
a.) 8 hrs x .2b (decay factor) x .045 rem/nr = 

.094 rem 
b.) ID hrs x .26 (decay factor) x.033 rem/hr 

(core) x .027/.037 (steel plate atten.) x .8 
(poly Shield) = .050 rem 

c.) 10 hrs x .26 (aecay Tactor) x .045 rem/hr 
(S.B.) x .030/.045 (ang. corr.) x .8 (poly 
shield) = .062 rem 

d.) 30 hrs x .26 (decay factor) x .012 rem/hr 
(core) .027/.037 (steel plate attenuation) x 
.8 (poly Shield = .054 rem 

e.) 30 hrs x .26 x .012 rem/hr (S.B.) x .011/.U45 
(ang. corr.) x .8 (poly sniela) = .018 rem 

Total = .28 rem 



76 

FRAN DOSE EVALUATION SHEET 

DATE(s) DOSES NOTES 

11/26-27/63 10. Face ana chest B dose -
12/2-6/63 
12/9-13/63 a) 8 hrs x .26 (delay factor) x .45 rtua/hr x 
Days (387.5- .48 (Ni plat.) = .45 rem 
403.5) 

cont. b) Assume that 1 1/2" poly eliminate all ot u 
(soft) component. 

11. Hanos -f oose -
a) 8 hours x .2b (aecay ractor) x 2.0 rem/rir = 

5.4 rem 
b) 8 hours x .26 (decay factor) x ,y rera/nr @ 

1 1/2" (core) x .8 (paly snielaj = 1.5 rem 
c) Z hours x .26 (aecay factor) x 1.4 rein/nr 

(S.B.) x .8 (poly snield) r. .030/.045 (30° 
angle correction) = .39 rem 

d) 30 hrs - same as face and cnest aose. 
.054 rem + .018 rem = .072 rem 

Total = 7.4 rem 

12. Hand Q aose -
a) 8 hours x .26 (decay factor) x 18 rem/hr = 

37.4 rem 
b) 1 1/2" poly shields (i (soft) component at 

other intervals. 
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FRAN DOSE EVALUATION SHEET 

DATE(s) DOSES NOTES 

8/11-ii.'64 1. 
Days (649.50-
650.50) 

Face and Chest 
Y = .072 rem 
6 = .72 rem 

1. Film badge was read as 60 ..irem for 
this period. 

2. Activity compared to 10/21/63 

Total .79 rem 

Hands P contact 
Y = 4.2 rem 
6 = 28.8 rem 

Total 33.0 rem 

8/11/64 = 6.51 *10' 
8.0 x 10 10 

.81 

JO 6.21 x 10 8/12/64 = m = ^T& 
8.0 x 1 0 I U 

ave, = .80 

3. Assume that hands are in contact with 
S. B. plates and that face and chest 
are at 18". 

4. Face and ChestY dose -
2 hrs x .045 mrem/hr (S.B.) x .80 
(decay factor) = .072 rem 

5. Face and chest (3 dose -
2 hrs x .45 rem/hr (S.B.) x .80 
(decay factor) = .72 rem 

6. Hands Y dose -
2 hrs x 2.6 rem/hr x .80 (decay 
factor) =4.16 rem 

7. Hand 13 dose -
2 hrs x 18 rem/hr x .80 (decay 
factor) = 28.8 rem 


