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INTRODUCTION AND SUMMARY

We have developed a personnel neutron dosimetry system based on the
electrochemical etching of CR+39 plastic at elevated temperatures. This
dosimetry aystem is superior to any neutron dosimeter used previously. The
doses obtained using this dosimeter system are more accurate -“han those
obtained using other dosimetry systems, especially when varie ' neutron spectra
are encountered. This CR~=39 dosimetry system does not have tii: severe energy
dependence that exists with albedo neutron dosimeters or the fading and

reading problems encountered with NTA film.

The dosimetry system employs an electrochemical etch procedure that can
be used to proceas large numbers of CR~39 dosimeters. The eteh procedure is
suitable for operations where the number of personnel requires that many CR=39
dosimeters be processed. Our experience shows that one full-time technician
can etch and evaluate 2,000 foils per month. To improve the energy
dependence, we adopted the hot (60°C) low=frequency (60 Hz) etch procedure
recommended by Tommasino (1983). The energy response to neutrons is fairly
flat from about 80 keV to 3.5 MeV, but drops by about a factor of three in the
13=16 MeV range. The sensitivity of the dosimetry system is about
7 tracks/emzlmrem, with a background equivalent to about 8 mrem for new CR~39
foils. The limit of sensitivity is approximately 10 mrem. The dosimeter has

*This work was performed under the auspices of the U.3. Department of Energy
by Lawrence Livermore National Laboratory under contract No. W-T405-ENG-48 and
the Personnel Neutron Dosimeter Evaluation and Upgrade Program B=J6035-Ar-X.
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a signifiecant variation in directional dependence, dropping to about 20% at
90°. We etch the foils in two stages to improve the track quality and the
precision of the track counting. The two-stage etch procedure also reduces
the background counts raused by imperfections, scratches, or dirt on the
foils. We have been using this dosimeter and procedure for personnel neutron
dosimetry at the Lawrence Livermore National Laboratory f'or more than 18

months.

ETCH CHAMBERS

The etch chambers we are using are of the Homann-type and can handle 8§ or
24 foils simultaneously. The chambers are not commercislly avallable a3 yet
and must be made in a good quallty machine shop. Drawings of both the 8- and
the 24~cell chambers are included in Appendix A of this report. The 24-rell
etch chamber is the most useful and several are required for a dosimetry
program. The 8-cell chambers are used only if small or odc numbers of folls
are to be etched and one or two of the 8~cell chambers is adequate For most
dosimetry facilities. The rcells are made of Lucite and have one liquid
electrode and one aluminum-plate electrode. These chambers are easy to
handle, and have been used daily for more than a year with no difficulties.
Several of these chambers can be proceszmed at the same time with a single
power supply. These chambers were designed to be used in a 60°C oven. Other
etecn chambers nave been designed, but because of the excellent results we have
had with these chambers, we strongly recommend that you use them during your
initial trial period. The only maintenance that ‘s required of the etch
chambers i3 replacing the O=rings when they have become permanently distorted
(after one month of daily use) and replacing the rubber 3ilastis seal around

the stainless steel electrode when a leak develops (about every two weeks).

ETCHING PROCEDURE

The etching parameters that we are using are shown in Table 1, We are
presently investigating the effect of etching high voltage on the energy
dependence of the CR-39 foils and when this study is complete a change in the

etching high voltage may be recommended if an improved energy dependence is
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obtained. We have investigated the effe¢" that changes in the other etching
parameters have on the results, and we do not expect to make changes In these
parametera, The etch chambers, loaded with the CR-39 foils, are placed
overnight (or over a weekend) in an oven maintained at 60°C. The following
morning, 60°C KOH is added to the chambers, which starts the first etch

step. The power supply is manufactured by Homann-Bell (1985), and is
programmed using a HP~41CX calculator to provide selected voltages,
frequencies, and times. The second step, which we call blow up, Is very
important because it {ncreases the size of the tracks that exist at the end of
the first etch step, making them much larger and reasonably uniform in size.
This greatly improves the precision that can be attained with the optical
acounting system berause the tracks are large compared to the imperfections,
dirt, scratches, ete. often present on the CR~39 foils, The iackground from
the foils is reduced by using a higher trackmsize threshold on the optical
reader, which allows us to discriminate against most of these small
imperfections. The precision of the reaults are typically within +1% for

repeated readings of the same foil.

When the etch chambers and foils are left in the oven over the weekend,
the number of tracks/cm?/mrem on the foils is 5% lower than the number of
tracks usually obtained with the overnight etch. For long weekends, the
decrease is larger+-being about 3% to 4% for each additlonal day.

The track density on the foil is determined by scanning the foils with
the an optical bacterial colony counter (Biotran). Six fields of view,
3 x 3 mm, are counted by starting at the top-center of the etched area on the
foil and moving down the center of the follv If any of the flelds have a
peculiar appearance such as a gcratch, ring of tr;cks, dirt or other
abnormalities, that field of view is avoided and another selected, usually by
moving sideways. There are about 13 possible fields in the etched area; we
read only 6, which we feel 1s adequate to attain reasonable counting

statisties.

A copy of the "Operating Procedures for Electrochemical Etching of CR-39"
is given in Appendix B of this report. It describes the steps we use in the

etching and reading of the foils.
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NEUTRON ENERGY RESPONSE

Low-frequenay electrocnemical etching at elevated temperatures produces a
different energy dependence than that obtained with high frequency or chemiral
etching of CR-39 foils. Figure 1 shows the energy response we obtained in two
separate studies. The upper curve was obtained using monoenergetic neutrons
from the Tandem Van de Graaff accelerator at the Los Alamos National
Labhoratory, and the lower curve was obtained using an accelerator at the
Battelle Northwest Laboratory. The slight difference in these curves is
caused in part by a change In the etching procedures that occurred between
these studies. The upper curve was obtalned using our present etching
techniques and is the curve that should be used, It indicates that neutrons
Wwith energies between about 80 keV and 3.5 MeV are detected with a relative

flat energy dependence.

We are presently investigating the effect that changes in the etching
high voltage and etching time have on the energy dependence. A flat energy
dependence over the largest possible range of energies is desired. If our
studies show that a different etching high voltage or etching time would give
a better energy response curve, we will recommend changes in the etching

parameters in a later report.

CR-39 does not respond to thermal neutrons. Using our etching
parameters, there is also no response to neutron between 0.01 and about
0.05 MeV, and a lower than desired response to neutrons with energies in the
13=16 MeV region (see Fig 1). We are now studying the effect of changes in
the etening parameters on the high-energy response. It may be that changes in

the etching voltage can als0 be used to improve that response.

Th: energy dependence of CR~39 foils using our etching procedures is
superior to that obtainable with albedo neutron dosimeters or from chemical
etening of CR-39. In Table 2, we show the results obtained using a 2%2Cf
source moderated in the polyethylene, water, D20, and aluminum spheres that
are used for studies in our calibration facility, The results indicate that

the energy dependence of CR#39 using our etching techniques is suffieciently
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flat to give CR-39 readings wlthin a few percent of the actual dose
equivalence, except for low readings from the large D20 moderators. This
under—-response is caused by the thermal neutron contribution to the dose
equivalent, which is significant for the larger D,0 spheres and is not
detected by CR-39. For comparison, the calibration factors for albedo neutron
dosimeters used with these moderatored fields range over one decade. The
important finding of this study is that the CR-39 response is nearly rconstant
for the large water and polyethylene moderated neutrons. This is important
since these are similar to the materials used in neutron shielding and storage
containers, Therefore, the response of the CR~39 will be correct for leakage
neutrons through shielding or from a storage container and still be correct
for the ummoderated source when it is removed from the shield or container.

The CR=39 dosiheter will te under-respond to the neutron spectrum present
inside the containment of a power reactor. In addition to the thermal neutron
ncomponent , which 1s around 4 to 8 percent; about half of the remaining neutron
dose equivalent is delivered by neutrons having energies of less than 100 keV
(based on multisphere neutron instrument measurements). The CR~39 responds to

only half the actual neutron dose equivalent.

If the CR~39 dosimeter3a are calibrated using a 2%2Cf source and the
person 1s exposed to a PuBe source, the results will be low by about 40%
because many of the PuBe neutrons have energies above 4 MeV, where the

response of the CR~39 falls off.

The personnel dosimeter system should be calibrated with CR-39 foils
located in the badge. Figure 1 shows that the personnel badge decreases the
response of the foils to neutrons. The dosimeters must also be on a phantom,
since the backscatter increases the response of the CR+39 foils by about 7%.
The foils must also be properly loaded in the holder with the side to be
etched in the same position as it is in the personnel dosimeters. The dose
used for calibration should be slightly below the point where the foils become

2

nonlinear (about 3000 tracks/cm“ which is about 400 mrem for our foils and

etcning nrocedures).
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EFFECT OF VARIOUS ETCHING PARAMETERS CHANGES

We have determined the effect of changes in the etching parameters on the
dosimeter response. Figures 2 and 3 show the track density as a function of
high voltage. For foils 2xposed to neutrons, Fig. 2 shows that the track
density is not a strong function of the high voltage, Recently we have found
that part of this decrease is caused by changes in the energy dependence at
different etching voltages. The effect of high voltage on the barckground,
shown in Fig. 3, is significant. The background track density increases
exponentially as the etching high voltage is increased. We are presently
etching at 3000 V but are investigating the effect that a change to a lower
voltages would have on the background track density. Unfortunately,
decreasing the high voltage may result In an unacceptable change in the energy

dependence.

wWhen the high voltage used in the first etching step i3 changed, it is
necessary also to change the second-stage (blow up) etching time to keep the
proper track size. Figure 4 shows the blow up time required to keep the

proper track size,

Oven temf :rature is very important in the etching procedure. Before we
recognized its importance, we would place the etch chambers in the oven and
immediately start the etching process using room temperature XKOH. Later, we
measured the temperature of the KOH inside the cells, The results are shown
in Fig. 5. The 24~cell etch chamber did not reach the temperature of the oven
even after six hours. The 82cell chamber reached equilibrium temperature
after three hours. The result was that the 8-cell chamber gave us more and
larger tracks than the 24=cell chamber. The room temperature also varied,
which caused the initial temperature of the etch cycle to vary. To solve
these problems, we now place the etch chambers, loaded with the foils, in the
oven the night before the etch is to be performed. The KOH is also placed in
the oven in a plastic squeeze bottle. The next morning the KOH is added to
the etch chamber to start the first etch step.

Figure 6 shows the effect of changes in the oven temperature on the track

density. Small changes in oven temperabture are lmportant and must be
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avoided. At an oven temperature around 60°C, a 1°C change in oven temperature
causes about a 3.5% change in the track density. An oven with a digital
temperature controller (+0,1°C) is required. If several etch chambers are to
be used simultaneously, an oven with forced-air circulation Is required to
keep the temperature throughout the oven uniform. The temperature sensor

should be located in the oven near the etch chambers.

If oven temperatures other than 60°C are to be used, the blow up time
must be adjusted. Figure 7 shows the blow up time required as a function of

the oven temperature.

The track density is a linear function of the total etching time; i.e.,
the sum of the firste and second—stage etching time. The time required for
the second stage (blow up) as a fgnction of the first-stage etching time is
shown in Fig. B, As the firstestage etching time is reduced, the blow up time

must be increased to keep the track size correct.

The track density is affected by variations in the thickness of the
foils. Thicker foils reduce the field strength, which results in smaller
tracks, The opposlte effect occurs for thin foils, and the tracks become too
large. The track density varies by about 1% per mil of foil thickness. This
ecan normally be ignored because the thickness variation is small in the sheets
of CR;39 recently being received from the supplier (#2 mils). If tre average
thickness of the CR+39 sheets varies more than 3 mils from the specified 25
mils, the blow up time will have to be adjusted or the size of the tracks will
be too large for thin sheets and too small for thick sheets.

Track density is also affected by the KOH normality. We use a hydrometer
to determine the normality (at a specific gravity of 1.276). We have
investigated the effect of changes in the KOH normalit& on the results and
have found no significant difference in the track density for normalities
between 6 and 7. Therefore, we recommend the KOH normality be 6.5 + 0.25. We
have found that repeated use of the KOH causes a reduction in track density by
about 1% for each use. This change is not detectable with the hydrometer and
is therefore caused by changes in the KOH that do not affect the density. We

recommend that each batech of KOH be used a maximum of five times.
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We use a 15-min post etch which makes the tracks rounder and therefore
leas ragged and therefore, more suitable for automatic counting. However,
this has no effect on the evaluation of track density. At 30 mina, however,
the track quality begins to change, and therefore the folls should be removed
from the etch chamber within 25 min after tre completion of the eteh eycle,
An important feature of the post eteh is that the cells do not have to be
removed from the oven precisely at the end of the second etch cycle. This
gives the technician flexibility in removing the cells, and if several cells
are being used, they can be removed at various times within the 25-minute

period.

N

Standard foils, exposed to 400 mrem of 2%2Cf, are included in each etch
chamber to ensure that the foils are properly etched. If only one etch
chamber is being used we include four standard foils in the chamber. If more
that one chamber is being used, we reduce the number of standard foils to
three and use the average of all the standard foils etched that day for the

calibration,
PERFORMANCE OF THE DOSIMETER SYSTEM

Linearity

The linearity of the dosimetry system is shown in Figs. 9 and 10. Figure
9 was obtained when the neutron sensitivity of our etching procedures'was only
about 4 tracks/cmZ/mrem. The curve is linear out to about 1.5 rem (4000
tracks/cmz). The curve shown in Fig. 10 was obtained when our sensitivity was
about 8 tracks/cm2/mrem and is 1linear only to about 450 mrem but also to about
4000 tracks/cm2. These curves show that the linearity is a function of the
number of tracks ca the foil and not the neutron dose equivalent. Our reader
is linear to about 4000 tracks/cm2. The dose equivalent corresponding to 4000
tracks/cm2 depends on the efficiency of the system at the time the etch is
performed. The linearity can be extended to higher dose equivalence by
reducing the etch time or changing some of the other etching parameters, which
Will produce fewer tracks/mrem. The foll results can also be corrected for
nonlinearity by using the curves shown in Figs. 9 and 10 {f the track density

is less than about 15,000 tracks/cmz.
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If the CR-39 foils are exposed to high neutron dose equivalents, it may
be necessary to reduce the first=stage etching times to less than five
hours. The etching time can be reduced to keep the track density within the
linear region of the dose response curve or to obtain a track density that
falls witin the range of the curve, enabling a correction for nonlinearity to
be made, We have used first—stage etching times as short as 1 hour but the
track quality is poor, At two hours, the track quality is adequate, and
therefore etching times down to two houra are acceptable. If the track
density is still too large, a lower etching temperature may also be used.
Extending the etching time beyond five hours requires a reduction in the'blow
up time to the point where the track quality is poor {(large variation in track
sizes occur when inadequate blow up time is used), and therefore etching

longer than five howrs 13 not recommended.

Sensitivity

Our present CR-39 dosimeter and etching procedure result in a senzitivity
of about 7.5 tracks/cm’/mrem. The background on new foils varies but is
around 60 tracks/cm® which is equivalent to about 8 mrem. This gives us a
1imit of sensitivity (a = 8 = 0.05, see Appendix U4) of approximately 10 mrem
for a single CR~39 fpil. The standard deviation of the track count for foils
exposed to 400 mrem (bare **2Cf source) varies with the individual sheets but
is between 3 and 5%. For background foils, it is around 30%.

In our recently completed onetyear study of storage techniques, we
inadvertently placed some of the foils in an area that had a previously
. undetected neutron field of about 6 mrem/yr above background. This was easily
detected, but required that a number of foils be evaluated aﬁd the results
averaged. One can determine neutron flelds smaller than the environmental
neutron background (about 6 to 8 mrem/yr at LLNL) if a number of foils are

used.

Directional dependence.

The directional dependence of CR~39 is a strong function of the angle of

incidence of the neutrons, as shown in Fig. 11, As the angle of incident
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neutrons approaches 90 dégrees, the response of the CR~39 foil drops

rapidly. This is caused by the recoll protons entering the foil at a high
angle and the protons path is nearly parallel to the surface of the foil.

When the foil is etched, no track develops. The curve shown in Fig. 11 is
different from the curve obtained with collimated protons (Cross and Ing
1983). The neutrons used to obtain Fig. 11 were from a small uncollimated
252Cf gource. Many of the neutrons have been scattered, and in addition the
protons produced by the neutrons are emitted at various angles. The effect ig
a rounding of the angular response curve from that obtalned by Cross and Ing

using protons.

Figure 11 shows that the track density is less for neutrons entering the
foils through the back (180°), than for those entering through the front
(0°). The CR~39 sheets have a 5-mil-thick polyethylene protectiﬁe covering.
Polyethylene has a greater hydrogen density than CR~39, and therefore the
proton production, (n,p) with hydrogen, is greater. Consequently, the side of
the foil facing the source has a higher track density than the back side by
about 25%. By etching the side of the foil next to the person, we can use

tnis effect to improve the directional dependence.

The directional response obtained from CR~39 foils in a personnel badge
located on a phantom is shown in Fig. 12. The lower solld curve, obtained by
etching the side of the foil next to the wearer, is the best directional
dependence attalnable at present. This directional dependence decreases to
about 20% at 90°, but this is in reasonable agreement with the ~30§ decrease
in the 1 cm depth dose delivered to tissue exposed at 90° (see NCRP Report
#38).

We apply a correction factor to partially compensate for the error that
one would have in the dosimetry results caused by the directional
dependence. We selected as our calibration point a value 20% lower than the
results obtained from a face-on (0°) exposure. This means that if a person
were exposed face—on to the source, his actual dose equivalent could be
underestimated by 20%. But for exposures at the higher angles of incidence,
the error in underestimating his dose equivalent would be reduced. The

disadvantage of etching the back of the foll ia that the sensitivity on the
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back aide of the foils is about 30% less than the value on the front. This
reduces the sensitivity of the dosimetry system from about 8 to 5
tracks/cm2/mrem. The background track density on the CR-39 foil is not
changed, and the effective dose equivalence of the background 18 increased.

We feel the improvement in the directional dependence justifiles the changes in
the sensitivity and background and is a reascnable health physics approach to

the directional dependence problem.

Efforts to improve the directional response of CR+~39 have been only
marginally successful, We attempted to improve the directional dependence by
bending or arching the foils. The results indicated a slightly improved
directional response that was too small to justify the time and effort
involved in bending the foils.

DESCRIPTION AND EVALUATION OF THE LLNL BADGE

At LLNL, we are using the Panasonic TLD Dosimeter. The TLDs are placed
in a plastic badge holder that was designed at LLKL. This holder contains the
beta and low-energy x-ray shield and has slots into which the components of
the nuclear accident dosimeter, can be placed. At the time this holder was
designed, CR-39 foils were not being used and no provision was made to lnclude
them in the holder. To hold the CR=39 foils, we glued a 1/8~in.#thick pilece
of plastic to the back of the badge holder. An end-mill was used to cut
though the back of the badge holder and into the plastic to form a recess. We
insert three of the CR-39 foils into this recess with the side to be ebchéd
(Low background side) next to the.wearer, The Ci=39 foils are well protected
and are not exposed to ambient light (which 1s essential). When the foils are
placed in the badge, a felt tip pen is used to mark each of the foils with a

number that identifies the wearer and the month the badge was 1ssued.

When the badges are returned at the end of the month one of the foils is
etched. 1If the reading from that foil is greater than 6 mrem above the
background, the other two foils are etched on following day:. The average
reading of the three foils is used to calculate the neutron dose equivalence
the person is assigned. If the track density of the first foil is less than

6 mrem, the remaining two foils are not etched. With this procedure, we are
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able to avoid reading the second and third foils for individuals who did not
receive any significant neutron exposure. We can determine most of the
neutron exposures above 10 mrem, missing only an occasional exposure (caused
by the statistics of the folls at low doses and of the background).

CR-39 FOILS

Foil Stability and Fading

All of the CR=39 foils that we have used have been manufactured by
American Acrylics. They are "dosimetry grade" CR-39 made of high-=purity
monomer (about 94% pure) purchased frcm Pittsburg Plate Glass (PPG). Standard
grades of CR»39 cannof be used in personnel neutron dosimetry. The CR+39
sheets are 25 mils thick and vary little in thickness over the sheet
(+2 mil). The sheets are covered on both side by American Acrylies with a
nominal 5 mil thickness of polyethylene, which is required to protect the foil
from radon alpha particles and to protect the foils from abrasion. At present
nothing is added to the mcnomer. Previously an antioxidant was added, but our
studies indicate it has no effect on the short-or longﬁtgrm quality of the CR-
39.

Qur sheeté are laser cut by Applied Fusion Inc. of 3an Leandro,
California, The foil size we use was selected to allow the foil to be placed
inside the Hankins type albedo neutron dosimeter., We have discontinued the
use of these albedo dosimeters but the foll slze'has not been changed because
it is convenient to handle and we get over 500 folls from each CR~39 sheet.
Larger foils are being considered by others to permit the use of a bar code to

identify the foils.

The CR-39 foils have a reasonably low background on the side of the sheet
that was on the top of the mold during casting. The background track density
on the back of the sheet 1s about 10 to 15 times higher than on the front. We
atill do not know the reason for this difference. In any event, this requires
that the side of the sheet that was on the top of the mold be marked to assure
the proper orientation of the folls when they are laser cut, We do this by

drawing lines with a felt tip pen at avout a 45 degree anglé on the
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polyethylene covering the sheets, When the foils are used, to assure that the
foils have the same side up, the lines on the folls are all oriented in the
same direction. In some cases, the side of the sheet that was on the top of
the mold during casting has been mislabeled, and a test run with the foiis
must be performed before they are used. Another marking method we have used
is to cut off one corner of each foil at a 45 degree angle. The advantage of
this method is that the folls are permanently marked to indicate proper

orientation.

We performed a seven-month fading study which indicated that 1little
fading of latent tracks had occurred (Hankins et al,, 1985)., A six<month
environmental study indicated that about 18% fading does occur 1f the folls
are kept at highér temperatures (L0°C) (Hankins et al., 1986). A recently
completed one-year study of storage conditions indicates that'when the folls
are protected from light, little if any fading or change in sensitivity is
occurring, and the background increases at a rate consistent with the
environmental neutron background. Foils used in this study that were not
protected from ambient light fadéd, lost sensitivity, and suffered background
increase to the point where the foils were useless. We conclude from the
above studies that fading, changes in sensitivity, or increases in the foil
background are not a problem 1f the foils are protected from light. It has
been reported, howWwever, that CR-39 sheets made by an English supplier lose
sensitivity at a reported rate of 8% per month but show no fading of the
latent tracks (Harrison 1986). We are interested in understanding the
difference between the English CR-39 and that from American Acrylics so that
we can avoid having the U.S. produced sheets suddenly develop the same

problem.,

The CR-39 foils are stable far routine use as personnel neutron
dosimeters., Our studies have shown that as long as the CR~39 foila are
protected from 1ight and exceptionally high temperatures, they are not damaged
and the dose equivalent information is retained,. The CR-39 foils are damaged,
however, by UV light or prolonged exposure to high temperatures. The
mechanism for damage is not known, but may be associated with the adhesive

that is on the protective polyethylene cover placed on the CR~39. When the
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foila are exposed to UV or amblient room light for several months, the surfaces
of the etched foils have many small dots or globs of some material on them.
These dots apparently cause tracks to appear on the foil. As these dots
become larger from additional exposure to light or heat, the number of
background tracks increases.' The background tracks are more dense in areas on
the folls where these small dots are more dense. We believe that these dots
are the adhesive on the polyethylene which has deteriorated and remains on the
foils when the polyethylene is removed. If éére is taken to protect the foils
from light or ekcessive heat, the foils are useful for at least one year. The
CR=39 foils could be issued for a sixemonth exchange period. It should Be
remembered, however, that the background track density on the foils will be
increased by the environmental neutron background. To keep the backgrownd of
the CR-39 foils as small as possible, only fresh foilq should be issued.

Storage of New Foils,

The foils must be stored in the dark. Earlier we stored the material in
a refrigerator or freezer, but.the results from our oner~year study of stcrage
techniques indicate that reduced temperatures are not necessary. =Storage in a
refrigerator provides a very convenient method of storage, guaranteeing a dark
storage environment. We will continue to use our refrigerator for storage of

neéw foils.

CGST AND EQUIPMENT

A list of the items required to establish a‘CR—39 dosimetry system is
given in Appendix C. An estimate of the cost of the major items is also
given. Not included is the cost of a bar coding system and computer used for

dosimeter identification and the dosimetry records.

ADDITIONAL STUDIES.

We are presently studying the effect of changes in the high voltage on
the energy dependence of the CR+39, Voltages from 0 to 3500 are being
studied. This study includes foils that were exposed to various monoenergetic

neutrons on and off a phantom and from the front and back of the foil. The
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results from these roils will be used to determine if the backscatter from the
phantoms remains the same at all neutron energies and if the ratio for folls
exposed from the back or the front remains the same at all neutron energies.
Some of the exposed foils will be etched using a firstestage etching time of
two hours, and the results will be compared to those from a five~hour etch to
determine if etch time has any effect on the energy dependence. These results

+

should be available within the next few months.

In futwe studies, we will expose CR~-39 folils to 14 MeV neutronh'and'
determine what effect changes in the high voltage have on the energy response
of CR+=39 to these neutrons. We will include foils to determine the effect of
phantoms and exposures of the folls from the front and back.

Although the CR+39 folls belng produced now are adeguate for our present
needs, we must have foils with lower backgrounds and possibly higher v
sensitivities if the quality factors are increased or lower neutron dose
equivalents are to be measured, Some improvements in CR=39 may be possible
through the use of highhpuritylmonomers or different molding techniques.
Copolymers, made by mixing CR+#39 monomer and other materials, have been.
produced that etch much more rapidly than CR#39. When these materials become
avajlable, we will investigate their potential és personnel dosimeters.
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Table 1. Recommended etching parameters

High Voltage
Frequency
Temperature
‘Time

KOH normality

Etching

3000 V

60 Hz
o°c”
5 hours

6.5 X

Blow up
3000 V
2.0 KHz
60°C

»

23 min®

6.5 N

Fost Etoh

0

0

60°C

about 15 min

6.5 N

The etch chamber2 and KOH must be left in the oven overnight

(or weekend)

e No adjustment for foll thickness is required if the rolls are
within 3 mil of 25 mils.




Table 2. Spectrum dependency of CR=39 for moderated 2*2Cf neutrons.

Percent deviation in track density per rem

as2cr For neutron energies For all neutron
Moderator > 0.1 MeV energies
None 0 0
2 cm poly +9.5 +8.4
5 cm +5.0 +1.5
10 ca 5.7 *5.1

" 25 cm Hy0 4,7 ~6.7
5 cm D0 +U4.1 +7.8
10 ca +0.5 ~5.3
15 ca 0.1 =11
25 om -2.6 ~31.9

20 cm Al +3.6 +2.1
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Appendix A

This appendix contains engineering drawings Tor the 8« and 24-~cell Homann-type
electrochemical etch chambers.
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Appendix B
OPERATING PROCEDURES FOR ELECTROCHEMICAL ETCHING OF CR-39
LOADING OF ETCH CHAMBERS
1. Check the oven temperature, and adjust if necessary.

2. Enter information relating to the folls and etching parameters in the
daily log book and on the éounting form or the computer,
a. Experiment # (assign consecutive identification numbers for each
etch)
b. Etch chamber identification
c. Counting date
d. KOH normality
e. Bilotran reader settings
f. Temperature of oven
g. Firat etching step parameter
1. High voltage
2. Frequenecy (Hz)
3. Etching time
h. Second etching step (blow up) parameters
1. High voltage
2. Frequency
3. Blow up time
i, CR-39 sheet number
s Letter or number to be used on each foll
K. Identify exposure to foils (worn by, placed at, background,
calibration dose, etec.)

3.‘ Remove the protective polyethylene cover from the top of the foil using a
scalpel or knife. Write the experiment number at the top of the foll and
the identification letter or number at the bottom of the foil. These must
be written small enough to avolid the area of the foil that will be etched

later.

B-1



1.

Remove the protective polyethylene covering from back of foil.

Position CR=39 foils face down on the O-ring around the cell opening.
Place foils in order on the etch chamber, using the letter and number on
the folil.

The chamber i3 connected to the house vacuum using the chamber's vent
hole. Accurately position the folls over the opening and turn on the
vacuum. It may be necessary to press the foils down onto the O-rings
using the Lucite pressure plate before a good seal can be obtained, The
vacuum will hold the foils securely while the etch chamber is being

assembled,

Place one of the 10-ml pieces of polyethylene over the folls.

Place one of the aluminum plates on top of the polyethylene. This

aluminum plate 18 the second electrode.

Place the Lucite pressure plate on top of the chamber and secure it to the
chamber body with the bolts and wing nuts. The wing nuts should be
securely fastened by using fingers only.

Shut off the vacuum and remove the hose. Plug the blood pressure gauge
into the vent hole to test the chamber for leaks. The pressure will
remain constant if a good seal has been made and the chamber does nu.

leak.

Place the chambers and the KOH bottle in the oven and leave there
overnight. Remove the chambers and the KOH from oven the next morning and
immediately partially f111 (~ 3/4 full) the chamber with KOH through the
vent hole. Secure a rubber stopper (with a 1/16~in. hole) in the vent
hole. This prevents spillage when the cell is tipped but still allows air
to vent through the small hole.

B~2



t2. Attach the high-voltage leads to the electrodes (rod and aluminum plate)
using the alligator clamps or telephone Jacks. If a second chamber is
being used, additiona’ high-voltage leads or jumper cables will be

r- quired.

13. Place the chamber in a plastic photo tray with the vent hole positioned a2t
the front of the oven. The oven racks must slant 9lightiy to the rear of
the oven This prevents the KOH from belng forced out through the small
hole in the stopper if the KOH and air expands.

14, Check the power supply parameters that are in the HP-41 calculator by
pressing the yellow button and then the "edit" button. The calculator
will display the parameters in sequence each time the R/S button is
pressed. If a change 1s required, enter the new value in the calculator
and press the R/S button. To check your input, repeat the readout
procedure for the etch parameter. To start the etch, press the yellow key

and then the RUN key.

15. Check the oven temperature and high voltage periodically during the

etching cycles.

16. Leave the chambers in the oven for a 15-minut: post etch 1ollowing the

completion of the etch cycles.

Unloading

Empty the chamber of KOH by removi:g the stopper and pouring the KOH back iato
the bottle. Use a funnel to prevent excessive spillage. Rinse the chamber
with tap water at least twice. Then take it apart, rinse all the parts, and
leave them to air dry. Soak and rinse the foils in distilled water for about
5 min. Then remove the foils and blot them dry using paper towels. Before

reading them, wipe them with lens paper.
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Count!ng Procedures

Calibrate the Biotran counter each day using the standard foil. Position the
foll so that the same 3 x 3 mm area on the foll is counted. When it is
properly adjusted, the Blotran counter will indicate the same number of tracks
each day. Record the Biotran reader settings, Obtain six counts from each
foll to be read, usually starting at the top of the foll and progressing down
the middle of the foil. At each position, adjust the microscope focus until
the highest number 18 obtained. If abnormalities such as scratches, odd
shapes of tracks, etc, are noticed on the foll, select another position on the
foll and obtain a count. The etched area of tne foll will allow a maximun of

about 13 of the 3 x 3 mm areas to be counted.



Appendix C

Equipment Required

Oven with temperature controller ’ $ 2,000.00
Refrigerator 500.00
Povwer supply 6,700.00
Biotran counter 10,000.00
Microscope 3,000.00
Computer ?
Etching chambers $500 to $800.00 each
KOH pellets -

Plastic squeeze bottles for KOH

Funnel to return KOH to squeeze bottle

Paper towels for drying foils

Storage containers for CR=39

Scalpel

Aluminum plate (1/16 in. thickness) electrode
Polyethylene sheets (10 mil) between electrode and foils
Permanent ink pens to mark folls for 1.,D.

Lens paper to wWipe folils

Photo trays to protect oven from spills

Beakers for rinsing folls and etch chambers
Graduated cylinders for mixing KOH

Blood pressure gauge for leak testing

Plastic gloves

Notebook

Glassine bags to store etched foils after reading
Stapler to secure glassine bags

Hydrometer to measure a specific gravity of 1.276



APPENDIX D

The distribution of CR-39 track events is well represented by the Normal
distribution., Consequently, the limit of sensitivity, LOS, is defined as
follows:

[k2 + 2k[sdev(Nb)]
§

LOS (mrem) = Eq. 1

the abscissa of the standardized Normal distribution corresponding

=
L]

to the probability level, 1-a.

the abscissa of the standardized Normal distribution corresponding

w
I

to the probability level, 1-8.

sdev(Nb) = Standard deviation of the CR~39 foil background - track/cmz.

S = Sensitivity of the CR-39 Foils - ——ciacks

cm - mrem
For our CR-39 dosimetry system, k = 1.645 (a = B = 0,05), the standard deviation
of the background is 20 tracks, and the sensitivity is 7 tracks/(cmz-mrem).

Therefore, using the above equation,



o

2
Log = L1.6457 + 25/1.6“5)(20)]

LOS = 10 mrem.

For an observed dose of 10 mrem, the probability of stating the dose is greater
than background, when in fact it is background, is 5%. The probability of
stating that the observed count is less than background, when in fact it is

greater than background is also 5%.
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