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ABSTRACT 

Neutron dose and energy spectral measurements were performed at a well
logging laboratory using neutron sources typical to well-logging applications. 
The two neutron sources included 241AmBe and a small neutron generator which 
produced 14-MeV neutrons by the following reaction: T(D,n)4He. The types of 
measurements which were performed included neutron absorbed dose measurements 
using a tissue equivalent proportional counter (TEPC); neutron energy spectrum 
and flux measurements using a set of multispheres; routine neutron dose equiva
lent rate monitoring using a cylindrical remmeter and a 10-in. polyethylene 
ball representing 9-in. remballs; measurements using personnel neutron dosim
eters. The purpose of the measurements was to determine the most appropriate 
types of personnel dosimeter and calibration techniques for use in well
logging applications. The dosimeters evaluated included: a photographic 
film dosimeter, a TLD-albedo dosimeter, a CR-39/TLD combination dosimeter, and 
polycarbonate track etch film dosimeters. 

The dosimeter irradiations were performed on water-filled phantoms at a 
well-logging laboratory and significantly higher levels of neutron dose equiva
lent than would normally be received by workers in well-logging operations. 
These techniques were used to achieve the control necessary to obtain statist
ically significant results. The irradiations were performed outside in order 
to gain some degree of simulation of the irradiation conditions encountered in 
the field. 

The source configurations which were investigated included the following: 

• 241AmBe source in the shipping cask 
• 241AmBe source in air 
• 241AmBe source in well-logging tool 
• 24IAmBe source in well-logging tool calibrator 
• Neutron generator in the calibration tank 
• Neutron generator in air. 

Of the dosimeters which were evaluated, the dosimeter which was recommended to 
be most appropriate for well-logging application was the TLD-albedo. 

The TLD-albedo dosimeter result was higher than the delivered dose equiva
lent in each of the irradiation geometries. The neutron dose equivalent deter
mined using the TLD-albedo dosimeter was greater than the delivered neutron 
dose equivalent because: (1) a sufficient number of neutrons of lower energy 
were present to raise the TLD-albedo result and (2) the TLD-albedo dosimeter 
did not suffer from energy-cutoff problems. 

The type of source which was judged to be most appropriate for calibrat
ing dosimeters used in well-logging applications was the unmoderated source 
normally used by the personnel performing well-logging operations. 
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SUMMARY 

Neutron dose and energy spectral measurements were performed at a well
logging laboratory using neutron sources typical to well-logging applications. 
The two neutron sources included 241AmBe and a small neutron generator which 
produced 14 MeV neutrons by the following reaction: T(D,n) 4He. The types of 
measurements which were performed included neutron absorbed dose measurements 
using a tissue equivalent proportional counter (TEPC); neutron energy spectrum 
and flux measurements using a set of multispheres; routine neutron dose 
equivalent rate monitoring using a cylindrical remmeter and a 10-in. poly
ethylene ball representing 9-in. remballs; measurements using personnel neu
tron dosimeters. The purpose of the measurements was to determine the 
appropriate types of personnel dosimeter and calibration techniques for use in 
well-logging applications. The dosimeters evaluated include: a photographic 
film dosimeter, a TLD-albedo dosimeter, a CR-39/TLD combination dosimeter, and 
a polycarbonate track etch film dosimeter. 

The dosimeter irradiations were performed on water-filled phantoms at a 
well-logging laboratory and to significantly higher levels of neutron dose 
equivalent than would normally be received by workers in well-logging opera
tions. These techniques were used to achieve the control necessary to obtain 
statistically significant results. The irradiations were performed outside in 
order to gain some degree of simulation of the irradiation conditions 
encountered in the field. 

The source configurations which were investigated included the following: 

241 AmBe source in the shipping cask 
24 1AmBe source in air 

- 241 AmBe source in the well-logging tool 
- 241 AmBe source in the well-logging tool calibrator 
- Neutron generator in the calibration tank 
- Neutron generator in air. 

All of the dosimeters except the TLD-albedo exhibited low average 
responses (i.e. the ratio of the average response of the dosimeters irradiated 
in a certain geometry to the reference neutron dose equivalent was less than 
unity) for at least one of the irradiation geometries. The low response was 
due to the inability of the dosimeters to adequately measure dose equivalent 
from neutrons with energies below a certain point. That point was designated 
as the energy-cutoff. The measurement technique used to determine the 
reference neutron dose equivalent was based upon analysis of data from a 
tissue equivalent proportional counter. A cylindrical remmeter was used to 
determine neutron dose equivalent rates, and since it exhibited close agree
ment with the reference measurements and is readily available on the open 
market, dosimeter results were also compared to the remmeter results. The 
TLD-albedo dosimeter was judged to be the most appropriate type personnel 
neutron dosimeter among those dosimeters which were evaluated in this study. 

The appropriate calibration source for both the dosimeters and the rem
meter was judged to be the source in use at the time of irradiation. The 
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appropriate geometry for calibration includes using the unmoderated source in 
a low to medium scatter environment with dosimeters irradiated on phantoms. 

All of the dosimeters exhibited pronounced energy dependence for the 
source geometries used in this study. Because of that energy dependence, no 
single calibration factor will allow for the accurate assessment of the neu
tron dose equivalent delivered to a dosimeter (or personnel wearing the dosim
eter) for all the situations. It is not recommended that dosimeter results be 
adjusted to account for spectral differences because of the following reasons: 
(1) large errors in dosimeter results may be introduced due to inaccurate 
estimates of irradiation times for a given geometry, (2) small dose equiva
lents with proportionately larger error would be impacted by the use of the 
adjustment factor, and (3) it would be difficult to ascertain how closely 
field situations were actually simulated in this study and what differences 
would be expected in different irradiation geometries. 

vi 



CONTENTS 

ABSTRACT . 

SUMMARY 

ACKNOWLEDGMENTS 

1.0 INTRODUCTION 

1.1 INSTRUMENT DESCRIPTION 

2.0 IRRADIATION DESCRIPTIONS . 

2.1 241AmBe IN SHIPPING CASK . 

2.2 241AmBe IN AIR 

2.3 241AmBe IN THE LOGGING TOOL 

2.4 241AmBe IN THE LOGGING TOOL CALIBRATOR SLEEVE 

2.5 NEUTRON GENERATOR IN THE SAND/WATER CALIBRATION TANK 

2.6 NEUTRON GENERATOR IN AIR . 

3.0 CONCLUSIONS 

3.1 DOSIMETER PERFORMANCE 

3.2 INSTRUMENTS 

4.0 RECOMMENDATIONS 

5.0 REFERENCES 

vii 

iii 

v 

xi 

1 

1 

9 

9 

14 

18 

23 

29 

32 

36 

36 

37 

39 

40 



FIGURES 

1 Tissue Equivalent Proportional Counter System 2 

2 Tissue Equivalent Proportional Counter Construction 3 

3 Multisphere System . 5 

4 SNOOPY Re11111eter 6 

5 Placement of Personnel Neutron Dosimeters on the Phantom 7 

6 241AmBe Source in Shipping Cask 10 

7 Responses of Techniques Used to Determine Neutron Dose 
Equivalent 11 

8 241AmBe in Shipping Cask (front view) 12 

9 241AmBe in Shipping Cask (side view) 13 

10 241AmBe in Shipping Cask (front view) 13 

11 241AmBe in Shipping Cask (side view) 14 

12 241AmBe Source in Handling Tool 15 

13 Responses of Techniques Used to Determine Neutron Dose 
Equivalent 16 

14 241AmBe in Handling Tool (end view) 17 

15 241AmBe in Handling Tool (end view) 18 

16 241AmBe Source in Logging Tool 19 

17 Responses of Techniques Used to Determine Neutron Dose 
Equivalent 20 

18 241AmBe in Logging Tool (side view) 21 

19 241AmBe in Logging Tool (end view) • 22 

20 241AmBe in Logging Tool (side view) 22 

21 241AmBe in Logging Tool (end view) • 23 

22 241AmBe in Plastic Calibrator Sleeve 24 

23 Responses of Techniques Used to Determine Neutron Dose 
Equivalent 25 

viii 



24 2~ 1AmBe in Logging Tool Calibrator Sleeve (side view) 

25 2~1AmBe in Logging Tool Calibrator Sleeve (end view) 

26 2~1AmBe in Logging Tool Calibrator Sleeve (side view) 

27 2~1AmBe in Logging Tool Calibrator Sleeve (end view) 

28 Neutron Generator in Sand/Water Calibration Tank • 

29 Responses of Techniques Used to Determine Neutron Dose 
Equivalent 

30 DT Generator in Calibrator Tank (side view) 

31 DT Generator in Calibrator Tank (front view) 

32 DT Generator in Calibrator Tank (side view) 

33 DT Generator in Calibrator Tank (front view) • 

34 DT Generator (in air) 

35 DT Generator (in air) 

ix 

26 

27 

27 

28 

30 

31 

32 

33 

33 

34 

34 

35 



TABLES 

1 Neutron Dose Equivalents for the Side Orientation of the 
241AmBe Source in the Shipping Cask 

2 Neutron Dose Equivalent Rates for the 241AmBe Source in 
the Shipping Cask 

3 Neutron Dose Equivalents for the Side Orientation of the 
241AmBe Source in the Handling Tool 

4 Neutron Dose Equivalent Rates for the 241AmBe Source 
in the Handling Tool 

5 Neutron Dose Equivalents for the Side Orientation of the 
241AmBe Source in the Logging Tool . • . . . 

6 Neutron Dose Equivalent Rates for the 241 AmBe Source 
in the Logging Tool . 

7 Neutron Dose Equivalents for the Side Orientation of the 
241AmBe Source in the Logging Tool Calibrator Sleeve 

8 Neutron Dose Equivalent Rates for the Side Orientation of the 
241ArnBe Source in the Logging Tool Calibrator Sleeve 

9 Neutron Dose Equivalents for the Side Orientation of the 
Neutron Generator in the Sand/Water Calibration Tank 

10 Neutron Dose Equivalent Rates for the Side Orientation of the 
Neutron Generator in the Sand/Water Calibration Tank 

11 Neutron Dose Equivalent Rates for the Neutron Generator 
in Air 

12 Summary of Dosimeter Response Ratios 

13 Summary of Instrument Response Ratios 

14 Summary of 11 Recalibrated 11 Instrument Response Ratios 

X 

11 

12 

16 

17 

20 

21 

25 

28 

29 

31 

32 

36 

37 

38 



ACKNOWLEDGMENTS 

The authors wish to thank Ed Mott, Dave Norman, Jack Lee, and 
John McClellan of Dresser Industries and George o•Bannion of Nuclear Sources 
and Services for their valuable help and consultation throughout this project. 
We also wish to thank Craig Yoder and Greg Macievic of R. S. Landauer and 
Mr. o•Bannion for providing dosimeters and dosimeter readout. Additionally, 
many thanks to Marianna Cross for typing and proofing the report. 

xi 





1.0 INTRODUCTION 

This study is part of a continuing project, funded by the U.S. Nuclear 
Regulatory Commission (NRC) to evaluate personnel neutron dosimetry at 
licensed facilities. This task was initiated to verify the adequacy of per
sonnel neutron dosimetry and calibration techniques currently in use by well
logging licensees . 

The neutron sources generally used for well-logging applications include 
241AmBe and 14-MeV neutron generators. The irradiations in this study were 
performed using these two sources. The source strength of the 241AmBe was 
18 Ci and the neutron emission rate was 4 x 107 neutrons/sec. The generator 
was a small grid type accelerator which accelerated deuterium atoms into a 
tritiated target producing 14-MeV neutrons. The neutron emission rate was 
approximately 108 neutrons/sec. 

1.1 INSTRUMENT DESCRIPTION 

The instruments used in this study have been well documented in the lit
erature and will be described in this report in cursory fashion only. The 
reader is directed to other reports produced in support of this project 
(NUREG/CR-1769 and NUREG/CR-2956) and to the reference lists in those reports 
for more detailed descriptions of the various instruments and measurement 
techniques. 

The tissue equivalent proportional counter system (TEPC) was used to 
measure neutron absorbed doses and determine neutron dose equivalent (and the 
associated rates) because the TEPC: (1) is the only available instrument 
which directly measures neutron absorbed dose, (2) has produced dose equiva
lent results which are in close agreement with well characterized neutron 
fields produced at several facilities, and (3) is independent of neutron 
energies in the range of neutron energies encountered in this report. A 
cylindrical remmeter, designated as SNOOPY, was used to monitor dose equiva
lent rates and personnel neutron dosimeters were irradiated to evaluate the 
response of the dosimeters to neutrons produced by the well-logging sources. 
Average neutron energies and neutron energy spectra were determined using a 
set of multispheres. 

The TEPC (shown in Figure 1) was a 5-in. diameter spherical proportional 
counter. The theory of operation may be summarized as follows (refer to 
Figure 2): A neutron interacts with the plastic wall (Shonka A-150 plastic) 
of the counter creating a secondary charged particle (i.e., recoil proton, 
alpha, or heavy ion). As the charged particle traverses the counter, it 
ionizes the atoms of the filling gas (propane based tissue equivalent gas). 
The electrons which are stripped from the ions are accelerated toward the 
collecting anode. As the electrons travel toward the anode, they ionize other 
gas atoms creating an avalanche of electrons. The number of electrons 
collected at the anode is proportional to the energy deposited in the gas by 
the passage of the original secondary charged particle. So, the TEPC measures 
absorbed dose (to a small volume) directly. Pulses, or signals, are amplified 
and stored in a multichannel analyzer (MCA) (Figure 1). Analysis of data 

1 



2 

E
 

Q
) 

+> 
V

I 

~
 

S


Q
) 

+> 
c: 
;:::, 
0 
u ..-n:s 
s:: 
0 

+> 
S


o 0

.. 
0 S


o.. 
+> 
s:: 
Q

) 
..-n:s 
>

 
.,... 
;:::, 
cr 
w

 Q
) 

;:::, 
V

I 
V

I 
.,... 
1

-



NEUTRON 

PROPORTIONAL COUNTER ANODE 

~SSUE EQUIVALENT (TE) PLASTIC 

~OW PRESSURE TE GAS 

ENERGY DEPOSITED = LET x TRACK 
LENGTH 

FIGURE 2. Tissue Equivalent Proportion Counter Construction 

depends on accurately determining the proton drop point, the point which 
represents the maximum amount of energy a proton can deposit in the gas as it 
traverses the diameter of the counter. The neutron absorbed dose is propor
tional to the sum of the product of the counts in a given channel (of the MCA) 
and the channel number over the range of lineal energies attributed to neutron 
interactions. That is: 

h2 
D = 1.602 X 10-8 X I c X h X N(h) X (V)-1 X (p)-1 

h1 

(ICRU 1977) 
where D = neutron absorbed dose, rad 

C = conversion factor for channel to keV 
h = channel 

N(h) = courits in channel h 
h1 = starting channel 
h2 = ending channel 
V = counter volume, cm3 
p = filling gas density, g/cm3. 

(1) 

The quality factor is determined from the distribution of lineal energies 
(signal pulse heights) by assuming that the average lineal energy is 9/8 the 
corresponding average linear energy transfer and solving the following 4th 
order polynomial (equation 2). The dose equivalent is the sum of the products 
of dose event and quality factor. 

Quality Factor= - 7.168 (ln(L)) + 12.409 (ln(L)) - 7.726 (ln(L)) 2 

+ 1.9 (ln(L))3 - 0.15 (ln(L))4 (2) 

where Ln(L) is the natural logarithm of 8/9 times the average lineal energy. 
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The multisphere technique uses a 6Lii(Eu) scintillator to detect thermal 
neutrons in air, in a cadmium sleeve, and at the center of five polyethylene 
spheres of the following diameters: 3 in., 5 in., 8 in., 10 in., and 12 in. 
(see Figure 3). The net counts due to alpha recoils are used to solve for the 
neutron flux over 26 energy groups including thermal to 2U MeV. Neutron 
flux-to-kerma and flux-to-dose equivalent factors are applied to determine the 
"element-57" dose and the dose equivalent. 

The cylindrical remmeter used in this study was designated as SNOOPY 
(Figure 4) and was calibrated at PNL using a 239PuBe neutron source. The 
remmeter consists of a boron-trifluoride proportional counter at the center of 
a 15-in. diameter polyethylene cylinder. The construction is such that in 
theory the number of counts produced in the counting gas from neutron interac
tions with the boron is proportional to the dose equivalent regardless of the 
energy. In contrast to strict theory, the responses of remmeters have been 
shown to be dependent on the energy distribution of the neutrons in the field 
being measured (Cosack and Lesiecki 1981). In this study, it was concluded 
that the cylindrical remmeter, calibrated using 239PuBe, responded closely to 
reference values because of the relative hardness of the overall neutron 
spectra and because the remmeter response varies slowly in the region of 
neutron energies encountered using the 2 ~ 1AmBe source in the various 
configurations. 

The 10-in. sphere response from the multisphere set was taken as repre
sentative of the response of the 9-in. remballs currently commercially avail
able. The justification for this assumption comes from a study performed by 
Hankins in 1967 (Hankins 1968) in which the differences in responses of a Lii 
crystal were compared to the responses of a BF3 tube in 9-in. and 10-in. 
spheres (similar to the ones used in this study). The report concluded that 
the responses of the four types of instruments were within counting accuracy 
of the detectors. For this reason, the 10-in. sphere may be assumed to be 
representative of the 9-in. remballs. The net count rate due to neutron 
interactions in the Lii crystal was multiplied by a factor to convert from 
count/second to mrem/hour. The calibration constant was determined using a 
bare 2 52Cf source to be 0.10547 mrem-sec/counts-hour. The 252Cf source was 
chosen as a calibration source due to its availability and its use in the 
radiation instrumentation industry a·s a calibration source. In this report, 
10-in. remball results will be designated as "RB10." 

The types of personnel dosimeters which were evaluated in the various 
source configurations included photographic film (Kodak NTA), TLD-albedo 
(using 6LiF), and CR-39 and polycarbonate track etch films. All irradiations 
were performed on a 5-gallon plastic water phantom and dosimeters were placed 
on the phantom so that no part of any particular dosimeter was closer than 
10 em to the edge of the phantom (see Figure 5). In most cases, 3 dosimeters 
were irradiated in each configuration in order to provide some measure of the 
statistical precision of each type of dosimeter. All commercial dosimeters 
were tested as routinely calibrated by vendors and a brief description of 
dosimeter and calibration method follows: 
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• The NTA photographic emulsion dosimeter is a standard commercially 
available film badge which has been calibrated using a bare 241ArnBe 
source in a med ium-scatter facility. 

• The TLD-albedo dosimeters which were used in this study are dosim
eters supplied by a processor which routinely supplies dosimeters to 
well -l ogging personnel. The TLD abledo utilizes a combination of 
6LiF and 7LiF for neutron detection and gamma subtraction respec
tively. The processor-supplied TLD-albedo dosimeter is designated 
as "TLD-albedo'' and was calibrated using the energy response of the 
dosimeter normalized to 241AmBe (based on an average neutron energy 
of 4.5 MeV). 

• The combination dosimeter (designated as Comb in the report) i s also 
commercially available using CR-39 and 6LiF in combination. The 
calibration is complicated, but if the TLD portion of the response 
dominates, then the TLD response is used to calculate dose equiva 
lent through a 02 0-moderated 252Cf source. If the CR-39 response 
dominates, then the CR-39 response is used to calculate dose equiva
lent through a bare 241AmBe calibration. If the two are roughly 
equal, a factor is used to adjust the albedo response and add it to 
the CR-39 response to determine dose equivalent. 

• The CR-39 and polycarbonate track etch films are commercially avail
able and both were calibrated using bare 241AmBe in a medium-scatter 
facility. 

The dose equivalent rates for the different neutron source configurations 
varied from 5 to 300 mrem/hr and the integral dose equivalents delivered to 
the dosimeters varied from 150 to 4800 mrem. The high dose rates were chosen 
to produce statistically enhanced doses in a short period of time. There was 
insufficient time and funding to adequately assess the sensitivity of per
sonnel dosimeters at very low doses/rates. It is expected that the lower dose 
equivalent and rates to which well-logging personnel are normally exposed will 
have no adverse effects on the conclusions or recommendations of this report, 
however, the impact is not known and would require further study. 
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2.0 IRRADIATION DESCRIPTIONS 

Measurements were performed using the neutron sources in various con
figurations (e.g. bare, in shipping cask, etc.) and for various orientations 
of the source configurations (i.e. side or end-on orientations). It was 
thought that the various orientations might provide different neutron energy 
spectra because of the different amounts and configurations of moderating 
material. This is the reason that the side and end-on orientations were 
studied as well as the various source configurations. While the dosimeters 
were irradiated in each configuration, irradiation time and number of dosim
eters limited the irradiations to one orientation (side or end) for each 
configuration. Measurements are presented for each configuration and 
orientation, whether dosimeters were irradiated or not. It was determined by 
the consultants from a major oil services corporation that within the con
straints of dose rates, integral doses, and precisions, the irradiation 
conditions which were studied in this experiment represented the conditions 
under which well-logging personnel in the field routinely receive neutron 
dose. The irradiations were all performed outside at a height of sli~htly 
more than one meter above the ground. In the irradiations using the 2 1AmBe 
source, the ground was covered with a 4-in. concrete pad. Measurements are 
norma 1 i zed to the distance between the phantom face and the source for 
integral dose comparisons. The dose rate measurements are normalized to 
one meter for comparison of instrument readings. 

2.1 24 1AmBe IN SHIPPING CASK 

Figure 6 shows the multisphere measurement being performed in the side 
orientation and simultaneous TEPC and 3He measurements being performed in the 
end-on orientation. The figures which show the irradiations in progress were 
chosen to be representative of the irradiation conditions. No attempt was 
made to photograph each irradiation. The TEPC was placed at 23.5 in. from the 
side of the cask, the multisphere system and the SNOOPY were both at 19.5 in. 
from the side of the cask and the dosimeter phantom was 9.5 in. from the side 
of the cask. The cask was 18.5 in. in diameter, so the source to detector 
distances were calculated by adding 9.25 in. to the aforementioned distances. 
Response ratios for the side orientation measurements are plotted in Figure 7. 
The reference dose equivalent rates were determined to be 6 mrem/hr at 1 meter 
from the source for the side orientation and 14 mrem/hr at 1 meter from the 
source for the end-on orientation. The dose equivalent measurements are 
summarized in Table 1. 

The dose equivalent rates determined from the instruments were normalized 
to 1 meter by the 1/d2 technique. The results appear in Table 2. It was 
expected at the time of the irradiations that the neutron energy spectra for 
the side and end-on orientations would not be significantly different. In 
fact, the average neutron energies determined from multi sphere data were 
1.28 MeV for the side orientation and 1.85 MeV for the end-on orientation. 
Figures 8 through 11 are plots of the neutron flux and dose equivalent spectra 
determined from multisphere data. The reasons for the higher average neutron 
energy for the end-on orientation is due to the lack of moderation around the 
source while it is in the cask cavity. The neutrons emerging from the side 
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FIGURE 7. Responses of Techniques Used to Determine Neutron Dose Equivalent 

TABLE 1. Neutron Dose Equivalent Results for the Side Orientation 
of the 24 1AmBe Source in the Shipping Cask 

Average Dose One Standard Ratio of Ratio of 
Equivalent Deviation Dosimeter Results Dosimeter Results 

Measurement ~mrem) ~mrem) to TEPC Results to SNOOPY Results 

NTA Film Dosimeter 58 15 0.47 0.44 
HMPD TLD-albedo 116 42 0.94 0.87 
TLD-albedo Dosimeter 478 43 3.85 3.57 
Combination Dosimeter 183 23 1.48 1.38 
CR-39 Dosimeter 91 18 0.73 0.68 
Poly Dosimeter 45 7 0.36 0.33 
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TABLE 2. Neutron Dose Equivalent Rates for the 2 41 AmBe Source 

Measurement 

Side Orientation 
Multi spheres 
SNOOPY 
RB10 
TEPC (Run #1) 
TEPC (Run #2) 

End-On Orientation 
Multi spheres 
SNOOPY 
RB10 
TEPC 
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\ 0 10 

One Standard Ratio of 
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FIGURE 8. 24 1AmBe in Shipping Cask (front view) 
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10 

of the cask must traverse 8.25 in. of moderator while the neutrons emerging 
from the end of the cask must only traverse the end of the steel source holder 
and the cask plug. Inspection of the results in Table 2 leads to the conclu
sion that the difference in dose equivalent rates for the two orientations is 
due to the same reason. 

2.2 241 AmBe IN AIR 

Under normal operations, the source is removed from the shipping cask and 
inserted into the logging tool with the aid of a 60-in. source handling tool 
(see Figure 12). The tool is a rod with a threaded fitting on one end which 
attaches to the threaded fitting on the 241 AmBe source. While the time to 
transport the source from the cask to the tool is short, the dose equivalent 
rate is significantly higher and the neutron flux spectrum different than the 
one for the in-cask configuration. 

The dosimeters were irradiated in a side orientation 15 in. from the 
source. Multisphere measurements were not performed for the side orientation 
as the difference in the neutron energy spectrum (compared to the end-on 
orientation) would be small. The dose equivalent determinations are presented 
in Table 3 and plotted in Figure 13. The average energy from multisphere data 
for this source configuration was determined to be 2.69 MeV. 
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TABLE 3. Neutron Dose Equivalent Results for the Side 
of the 241 ArnBe Source in the Handling Tool 

Average Dose 
Equivalent 

Measurement ~mrem) 

NTA Film Dosimeter 4480 
HMPD TLD-albedo 2620 
TLD-albedo Dosimeter 5464 
Combination Dosimeter 3950 
CR-39 Dosimeter 3950 
Poly Dosimeter 5980 

2.0 r-

f-

f-
f-

f-

~ 

f-

~ 
f-

; 

0.0 

One Standard Ratio of 
Deviation Dosimeter Results 
~mrem) to TEPC Results 

,,. 0.93 
400 0.55 
554 1.14 
309 0.82 
309 0.82 
544 1.25 

.. 
~ 

I R 

Handling Tool 
Side Orientation 

Orientation 

Ratio of 
Dosimeter Results 
to SNOOPY Results 

1.20 
0.70 
1.46 
1.06 
1.06 
1.60 

~ 
I 

FIGURE 13. Responses of Techniques Used to Determine Neutron Dose 
Equivalent 

The average neutron energy from multispheres was determined to be 
2.69 MeV. That is lower than the published value of 4.5 MeV average neutron 
energy (DePangher and Tochilin 1963). The difference is due to the lack of 
resolution of the multisphere analysis. The count rates from the seven 
detector configurations are used to generate a neutron energy spectrum from 
thermal to 20 MeV. The energy groupings of the fluence are logarit~~ic (i.e. 
there are three energy groupings per decade), so the analysis inherently 
spreads the spectrum and resolution is lost. The spreading of the spectrum 
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TABLE 4. Neutron Dose Equivalent Rates for the 241 AmBe Source 
in the Handling Tool 

Measurement 

Side Orientation 
SNOOPY 
TEPC 

End-On Orientation 
Multi spheres 
SNOOPY 
RB10 
TEPC 

Average Dose 
Equivalent 

Rate (mrem/hr) 

35 
45 

11 
36 
13 
36 

Average 
Neutron Energy 

(MeV) 

2.69 

Ratio of 
Dose Equivalent 
Measurement to 

TEPC Results 

0.78 
1.00 

0.31 
1.00 
0.36 
1.00 

Ratio of 
Dose Equivalent 
Measurement to 

SNOOPY Results 

1.00 
1.29 

0.31 
1.00 
0.36 
1.00 

has the effect of lowering the calculated average neutron energy. Dosimeters 
which use 241 AmBe as a calibration source, or use a calibration based on the 
dosimeter response at 4.5 MeV should not be affected (a fact which is borne 
out by noticing the close agreement between the TLD-albedo supplied by the 
dosimeter processor and the TEPC measurement in Table 3). The difference in 
average energy is a characteristic of the multisphere analysis only. Neutron 
energy and dose equivalent spectra are plotted in Figures 14 and 15. 
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FIGURE 14. 241 ArnBe in Handling Tool (end view) 
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FIGURE 15. 241AmBe in Handling Tool (end view) 

2.3 241AmBe IN THE LOGGING TOOL 

The well logging tool (Figure 16) houses the 241AmBe source and the 
neutron detector (logging instrument). The tool is primarily stainless steel, 
so it is expected that the neutron energy spectrum produced by the 24 1AmBe 
source should not be degraded very much. 

The dosimeter phantom was placed 20.5 in. from the source in the side 
orientation. Melsurements with the other instruments were performed at 24 in. 
from the source. The dose equivalent data are summarized in Table 5 and the 
response ratios are plotted in Figure 17. 

Table 6 contains the summary of dose equivalent rates for this source 
configuration. The source geometry has a pronounced effect on the neutron 
dose equivalent rates. The dose equivalent rates are roughly a factor of 7 
higher through the side of the tool than through the end of the tool. The 
energy and dose eqtJivalent spectra for this configuration are plotted in 
Figures 18 through 21. The average neutron energies are close to those of the 
source in the handling tool configuration ranging from 1.85 MeV for the end-on 
orientation to 2.26 MeV for the side orientation. 
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TABLE 5. Nr qtr·'1n Dose Equivalents for the Side Orientation 
lAmBe Source in t 

Average ·se 
Equivaa !; 

Measurement Ra te (mrer- 2.!1 
NTA Film Dvsimeter 

HMPD TLD-a 1 du 478 

TLD-albedo Dosimeter 1160 
Combination Do~ ~e~er 615 

CR-39 Dosi er 237 
Poly r :)S imeter 280 

4.0 

r-
'..) 

3.0 
~ 

wt-
c Cl _....., 
Cl en 2.(, 
Cl 

Q) - ::::ll .._,CT 
~~ 

.&; 

~ 
~ 

u 
Q) .,_ 

1.0 

!i 
0.0 

~ 

the Logging Tool 

Average Ratio of 
Neutron Energy Dosimeter Results 

(MeV) to TEPC Results 

110 0.56 
57 1.33 

115 3.22 
107 1. 71 

20 0.66 
42 0.78 

I 

I I I R ~ 

Logging Tool 
Side Orientation 

Ratio of 
Dosimeter Results 

SNOOPY Results 

0.61 

1.44 
3.48 

1.84 

0.71 

0.84 

II ~ I 
FIGURE 17. Responses of Techniques Used to Determine Neutron Dose 

Equivalent 
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TABLE 6. Neutron Dose Equivalent Rates for the 241 AmBe Source 
in the Logging Tool 

Measurement 

Side Orientation 
Multi spheres 
SNOOPY 
RB10 
TEPC 

End-On Orientation 
Multi spheres 
SNOOPY 
RB10 
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Equivalent Neutron Energy Measurement to Measurement to 
Rate (mrem/hr) (MeV) TEPC Results SNOOPY Results 

62 2.26 0.67 0.72 
86 0.92 1.00 
76 0.82 0.88 
93 1.00 1.08 

9 1.85 0.90 
10 1.00 
10 1.00 

Neutron Flux Spectrum 

Neutron Energy. Mev 

FIGURE 18. 2 41 AmBe in Logging Tool (side view) 
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2.4 2 4 1AmBe IN THE LOGGING TOOL CALIBRATOR SLEEVE 

-- .J 
2 

10 

A plastic sleeve is used to calibrate the internal neutron detector by 
providing moderator material with which to get a base reading. The tool is 
calibrated each time it is used in the field, producing a relatively moderated 
neutron energy spectrum as evidenced by the average neutron energies of 0.9 
and 1.3 MeV. Figure 22 shows the configuration of the dosimeter irradiation. 
The center of the phantom face was placed 16 in. from the source which resides 
in the logging tool in the center of the calibrator sleeve. Dose equivalent 
results are presented in Table 7 and plotted in Figure 23. Only 1 NTA film 
dosimeter was irradiated for this source configuration. 

The results of dosimeter data presented in Table 7 are indicative of a 
moderated neutron spectrum. The NTA and track etch dosimeters have decreased 
response ratios when compared to those ratios from the dosimeters irradiated 
under different source configurations. The decreased response ratio is due to 
the shift of neutron energies below the relative energy-cutoffs of the dosim
eters (energy cutoffs: NTA =approximately 0.6 MeV, CR-39 =approximately 
0.1 MeV and Poly= approximately 1.5 MeV). The energy cutoff for a dosimeter 
is the neutron energy below which the dosimeter cannot detect neutrons. The 
TLD-albedo response ratio, in contrast, is greater than for other source con
figurations, again indicative of a moderated neutron energy spectrum. 
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TABLE 7. Neutron Dose Equivalent Results for the Side Orientation of the 
2 4 1AmBe Source in the Logging Tool Calibrator Sleeve 

Average Dose One Standard Ratio of Ratio of 
Equivalent Deviation Dosimeter Results Dosimeter Results 

Measurement (mrem) {mrem) to TEPC Results to SNOOPY Results 

NTA Film Dosimeter 675 0.56 0.48 

HMPD TLD-albedo 2540 256 2.12 1.78 

TLD-albedo Dosimeter 5235 833 4.36 3.68 

Combination Dosimeter 847 27 0.71 0.60 

CR-39 Dosimeter 500 7 0.42 0.35 

Poly Dosimeter 420 0 0.35 0.30 
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The dose equival pnt ra te results are summarized in Table 7. The measure-
ments performed in th ~; ientation were performed 16 in. from the source 
while the TEPC and SNOOPY ctsurements in the end-on orientation were at 
16 in. and the multisphere measurement was at 18 in. from the source. As men
tioned before, the end-on ose equivalent rates are smaller than the side 
orientat ion rdtes due to SLurce geometry while the average neutron energies 
through tne end of the tlibrator sleeve are higher due to the lack of 
moderator 1ne neutron flux and dose equivalent spectra determined from 
multisphere data are plotted in Figures 24-27. 
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FIGURE 24. 2 4 1AmBe in Logging Tool Calibrator Sleeve (side view) 
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TABLE 8. Neutron Dose Equivalent Rates for the 241 AmBe Source 
in the Logging Tool Calibrator Sleeve 

Measurement 

Side Orientation 
Multi spheres 
SNOOPY 
RB10 
TEPC 

End-On Orientation 
Multhpheres 
SNOOPY 
RB10 
TEPC 

Average Dose 
Equivalent 

Rate (mrem/hr) 

26 
45 
33 
38 

9 
8 

10 
11 

Average 
Neutron Energy 

(MeV) 

0.89 

1.26 

28 

Ratio of Dose 
Equivalent Rate 
Measurement to 

TEPC Results 

0.68 
1 .18 
0.87 
1.00 

0.82 
0.73 
0.91 
1.00 

Ratio of Dose 
Equivalent Rate 
Measurement to 

SNOOPY Results 

0.58 
1.00 
0.73 
0.80 

1.13 
1.00 
1.25 
1.38 
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2.5 NEUTRON GENERATOR IN THE SAND/WATER CALIBRATION TANK 

The logging tool which houses the neutron generator is inserted into 
several types of calibration tanks. The one which was measured during this 
study was the sand/water mixture calibration tank. The tank is a cylinder, 
roughly 4 ft in length and 30 in. in diameter, as shown in Figure 28. The 
SNOOPY was positioned on the top of the tank throughout the measurements. The 
dose equivalent rate reading from the SNOOPY was constant at 100 mrem/hr. 
Table 9 contains the dose equivalent results for the measurement and Figure 29 
is the plot of the response ratios. The response ratio of the TLD-albedo, 
6.55, shown in Table 9, is indicative of a neutron source with a neutron 
energy spectrum which is predominantly lower than the neutron energy spectrum 
of the calibration source (i.e. the response of the TLD-albedo decreases for 
increasing neutron energies). The response ratio of the polycarbonate dosim
eter is larger than unity indicative of a neutron source with a neutron energy 
spectrum which is predominantly higher than that of the calibration source. 
For this irradiation geometry, both situations may be ture, i.e., the TLD
albedo is responding mainly to the neutrons which have been moderated in the 
sand/water tank, while the polycarbonate dosimeter is responding mainly to 
the higher energy neutrons which exit the tank uncollided. This situation 
illustrates the complexity of neutron dosimetry and the need for a dosimeter 
and calibration source which may be used together for an accurate determina
tion of neutron dose equivalent. 

Table 10 contains the dose equivalent rate results. The average neutron 
energies are very nearly the same for the two orientations and both neutron 
flux spectra indicate a predominance of high energy neutrons (Figures 30 
and 32). Most of the neutron dose equivalent is contributed mainly by the 
higher energy neutron groups as indicated in Figures 31 and 33. 

TABLE 9. Neutron Dose Equivalents for the Side Orientation of the 
Neutron Generator in the Sand/Water Calibration Tank 

Average Dose One Standard Ratio of Ratio of 
Equivalent Deviation Dosimeter Results Dosimeter Results 

Measurement {mrem) {mrem) to TEPC Results to SNOOPY Results 

HMPD TLD-albedo 90 144 0.35 0.63 
TLD-albedo Dosimeter 1703 161 6.55 11.79 
Combination Dosimeter 530 300 2.04 3.68 
CR-39 Dosimeter 150 54 0.58 1.04 
Poly Dosimeter 280 57 1.08 1.94 
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TABLE 10. Neutron Dose Equivalent Rates for the Neutron Generator 
in the Sand/Water Calibration Tank 

Ratio of Dose Ratio of Dose 
Average Dose Average Equivalent Rate Equivalent Rate 

Equivalent Neutron Energy Measurement to Measurement to 
Measurement Rate (mrem/hr) (MeV) TEPC Results SNOOPY Results 

Side Orientation 
Multi spheres 18 1.89 0.67 1 .20 
SNOOPY 15 0.56 1.00 
RB10 21 0.78 1.40 
TEPC 27 1.00 1.80 

End-On Orientation 
Multispheres 15 2.00 0.47 0.94 
SNOOPY 16 0.50 1.00 
RB10 18 0.56 1.13 
TEPC 32 1.00 2.00 
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2.6 NEUTRON GENERATOR IN AIR 

The logging tool was placed in a field adjacent to the calibration facil
ity and measured in air. The TEPC, multispheres, and SNOOPY were positioned 
72 in. from the neutron source. During the process of disassembling the 
instrumentation, the TEPC data were inadvertently erased and hence lost. The 
multisphere and SNOOPY data are presented in Table 11 and plots of neutron 
flux and dose equivalent spectra are in Figures 34 and 35, respectively. 

TABLE 11. Neutron Dose Equivalent Rates for the 
Neutron Generator in Air 

Measurement 

Side Orientation 
Multi spheres 
SNOOPY 
RB10 
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FIGURE 30. DT Generator in Calibrator Tank (side view) 
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FIGURE 31. DT Generator in Calibrator Tank (front view) 
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FIGURE 32. DT Generator in Calibrator Tank (side view) 
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FIGURE 33. DT Generator in Calibrator Tank (front view) 
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3.0 CONCLUSIONS 

3.1 DOSIMETER PERFORMANCE 

Table 12 summarizes the average responses for the various types of per
sonnel neutron dosimeters used in the 241AmBe irradiations. The average 
response ratio is just the mean of the four average response ratios for each 
configuration and the standard deviation is the value of one standard devia
tion of those four response ratios around the overall mean. The value in 
parentheses is the percent deviation from the overall mean, determined by 
dividing the standard deviation from the overall mean by the overall mean 
response ratio. This is presented as a summary of the adequacy of calibrat
ion. If a dosimeter is judged to be adequate, it should have an overall 
response ratio of one or greater (to assure that situations do not arise where 
dose equivalent is missed by not detecting the neutrons). All the dosimeters 
responded low in one or more of the irradiation situations except the commer
cial TLD-albedo. The response of the film and track etch dosimeters were all 
affected by their individual 11 energy cutoffs." 

The effect of the energy cutoff of the various dosimeters is dramatic. 
The source configurations in Table 12 have been arranged according to spectral 
"hardness 11 (one spectrum is judged harder than another spectrum if they are 
both smooth with similar shapes and the first spectrum yields a larger average 
neutron energy). First, consider the polycarbonate dosimeter; as the hardness 

Source 
Configuration 

Handling(J~ol 
(2.69) 

Lo~~~~~){R~l 

Shipping(~'sk 
( 1. 28) 

Calibration 
Sleev~ ) 
(0.89 a 

Average 
One Standard 

Deviation 

TABLE 12. Summary of Dosimeter Response Ratios 

Ratio of Dosimeter Result to TEPC Result 
NTA TLD Comb CR-39 Poly 

0.93 1.14 0.82 0.82 1.25 

0.56 3.22 1. 71 0.66 0.78 

0.47 3.85 1.48 0.73 0.36 

0.56 4.36 0. 71 0.42 0.35 

0.63 3.14 1.18 0.66 0.69 
0.20 (32%) 1.41 (45%) 0.49 (42%) 0.17 (26%) 0.43 (62%) 

(a) Average neutron energy in MeV from multisphere data. 
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of the spectrum decreases, the response ratio decreases until a point is 
reached where further moderation has little effect (i.e. note difference 
between the 11Shipping cask 11 and 11 Calibration sleeve .. configurations). At that 
point, the film is detecting only the neutrons which are not moderated below 
the cutoff. The same effect is seen for the NTA and CR-39 dosimeters. 

The effect of energy dependence in the dosimeters is well illustrated by 
the trend of the TLD-albedo which has been calibrated using bare 241AmBe. As 
the spectrum becomes more moderated, the response ratio of the TLD-albedo 
increases. The dosimeter is detecting the moderated neutrons, but the output 
signal has been enhanced because the probability of interaction has increased 
in this energy range. Since the output signal is enhanced for moderated 
neutrons, more dose equivalent will be assigned per unit output signal for 
irradiations in which the neutron energy spectrum of the source is lower in 
energy (i.e. more moderated) than that of the calibration source. 

3.2 INSTRUMENTS 

Table 13 summarizes the instrument response data. The SNOOPY remmeter 
agreed most closely with the TEPC measurements. The responses of the RB10, 
representing the response of the 9-in. remball, were lower overall than the 
TEPC measurements, a characteristic probably due to the choice of 252Cf as a 
calibration source. If the response ratios are used to arrive at an internal 
calibration for the 241AmBe irradiations, the two remmeters may be 11 recali
brated11 and compared. (This type of comparison is possible because both 
counters operate in a strict count rate-to-dose equivalent rate mode, i.e. the 
count rate is directly proportional to the dose equivalent rate.) If the 11 handling tool" configuration is used as representing a bare 241AmBe source, 
and all the other response ratios are divided by the ratio from that configura
tion, the comparison shows that the SNOOPY varies from the TEPC measurement by 

TABLE 13. Summary of Instrument Response Ratios 

Ratio of Instrument Result 
Source to TEPC Results 

Configuration SNOOPY RBIO 

Handling Tool, side 0.78 
end 1.00 0.30 

Logging Tool, side 0.92 0.82 

Shipping Cask, side 1.08 0. 77 
end 1.00 0.79 

Calibration, side 1.18 0.87 
end 0.73 0.91 

Average 0.96 0.75 
One Standard Deviation 0.16 (17%) 0.20 (26%) 
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a maximum factor of 1.51, while the RBlO varies from the TEPC by a maximum 
factor of 3.03. The "recalibrated" or normalized responses are presented in 
Table 14. The difference between the two responses for moderated spectra has 
been noted in the literature, and these values are consistent with other find
ings (Schwartz et al. 1982). The low ratio for the SNOOPY for the calibration 
sleeve, end, configuration (0.73 in Table 13) is considered to be identical to 
the ratio at the handling, side, configuration (0.78 in Table 13) due to count
ing statistics. 

From these data, it may be concluded that the SNOOPY type remmeter pro
vides the best option of remmeters. The fact that the SNOOPY exhibited close 
agreement with the TEPC, that it is readily available ••off the shelf," and it 
has been used in the radiation protection field for many years in routine 
operations, all support its adequacy and superiority as a routine neutron 
monitoring instrument. 

TABLE 14. Summary of 11 Recalibrated 11 Normalized Instrument 
Response Ratios 

Source Instrument Res~onse Ratios 
Configuration SNOOPY RBlO 

Handling Tool, side 1.00 
end 1.28 1.00 

Logging Tool, side 1.18 2.73 

Shipping Cask, side 1.38 2.57 
end 1. 28 2.63 

Calibration, side 1. 51 2.90 
end 0.94 3.03 
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4.0 RECOMMENDATIONS 

• All the types of dosimeters investigated detected neutrons and 
yielded a neutron dose equivalent for each irradiation. Commerci
ally available TLD-albedo dosimeter is recommended as the dosimeter 
of choice because: (1) it always responded high (was not affected 
by an 11energy cutoff11

), (2) compared to the other types of dosim
eters, it is relatively impervious to the extreme environmental 
conditions which may be encountered by well-logging personnel, and 
(3) is readily available from dosimeter processors as a routine and 
well documented technique for the assignment of dose equivalent to 
personnel. 

• The use of 239PuBe as a calibration source instead of 241AmBe led to 
the need for further adjustment of the SNOOPY reading. It is 
recommended that the 24 1AmBe source, in the bare configuration, be 
the calibration source of choice if the well-logging source is 
241 AmBe. Should another source be employed, that particular source, 
in the bare configuration, should be the calibration source of 
choice. These comments apply to the TLD-albedo dosimeters as well. 

• It is recommended that a single average adjustment factor not be 
used to adjust dosimeter results in order to apply 11 field calibra
tions ... It is further recommended that generalized adjustments not 
be applied to accident situations because of differences in irradia
tion geometry. 

39 



5.0 REFERENCES 

Cosack and Lesiecki 1981. Cosack, M., and H. Lesiecki. 1981. "Dependence of 
the Response of Eight Neutron Dose Equivalent Survey Meters with Regard to 
the Energy and Direction of Incident Neutrons," Contributed to the Fourth 
Symposium on Neutron Dosimetry, Neuherberg, Germany. 

DePangher and Tochilin 1963. DePangher, J. and E. Tochilin. 1966. "Neutrons 
From Accelerators." In Vol. 3 of Radiation Dosimetrt, Sources, Fields, 
Measurements and Applications, eds. F. H. Attix and. Tochilin, Academic 
Press, New York. 

Hankins 1968. Hankins, D. E. 1968. 
Lii Crystal in Neutron Rem-Meters." 

"The Substitution of a BF3 Probe for the 
Health Physics, ~:518. 

ICRU 1977. Neutron Dosimetry for Biology and Medicine, ICRU Report 26, 
International Commission on Radiation Units and Measurements, 7910 Woodmont 
Avenue, Washington, D.C., 20014, January 1977. 

NUREG/CR-1769. Endres, G. W. R., J. M. Aldrich, L. W. Brackenbush, 
L. G. Faust, R. V. Griffith and D. E. Hankins. 1981. Neutron Dosimetry 
at Commercial Nuclear Plants, Final Report of Subtask A: Reactor Contain
ment Measurements. NUREG/CR-1769, U.S. Nuclear Regulatory Commission, 
Washington, D.C. 

NUREG/CR-1956. 
1981. 
Subtask : osimeter Response. 
Commission, Washington, D.C. 

Schwartz et al. 1982. Schwartz, R. B., G. W. R. Endres and F. M. Cummings. 
1982. Neutron Dosimeter Performance and Associated Calibrations at 
Commercial Nuclear Power Plants. NUREG/CR-2233, U.S. Nuclear Regulatory 
Commission, Washington, D.C. 

40 



No. of 
Copies 

DISTRIBUTION 

No. of 
Copies 

NUREG/CR-3609 
PNL-4942 

RL-RH 

OFFSITE 2 R. B. Schwartz 

U.S. Nuclear Regulatory Commission 
Division of Technical Information 
7920 Norfolk Avenue 
Bethesda, MD 20014 

U.S. National Bureau of 
Standards 

Quince Orchard Rd. 
Gaithersburg, MD 20764 

2 Cait Maloney 
20 Alan Brodsky 

10 

2 

2 

U.S. Nuclear Regulatory Commission 
Office of Radiation Protection 
1130 SS, Willste Bldg. 
Washington, DC 20555 

Ed Matt ON SITE 
Dresser Industries 
P.O. Box 1407 36 
DCOB 1129B 
Houston, TX 77251 

George O'Bannion 
Nuclear Sources and Services 
5838 Dryad 
Houston, TX 77035 

Craig Yoder 
R. S. Landauer Jr. 
Glenwood Science Park 
Glenwood, IL 60425 

Distr-1 

Radioisotope & Transportation 
Division 

AECB, Box 1046 
Ottowa, Ontario 
Canada K1P5S9 

Pacific Northwest 

L. W. Brackenbush 

Laborator~ 

F. M. Cummings (20) 
G. w. R. Endres 
L. G. Faust 
w. A. Glass 
D. L. Haggard 
G. R. Hoenes 
R. I. Scherpelz 
J. M. Selby 
K. L. Soldat 
Technical Information (5) 
Publishing Coordination (2) 





NRC FOAM 335 1. REPORT NUMBER (Assigned by DDCI 
(7. 77) U.S. NUCLEAR REGULATORY COMMISSION 

~~~=~~~~-3609 BIBLIOGRAPHIC OATA SHEET 

4. TITLE AND SUBTITLE (Add Volu~ No., if -'PrOpri•tuJ 2. (Le•ve biiYik) 

Ev~luation of Neutron Dosimetry Techniques for Well- Loggin 
Operations 3. RECIPIENT'S ACCESSION NO. 

"'· AUTHOR!SI F. M. Cummings, Pacific Northwest Laboratory 5. DATE REPORT COMPLETED 

MONTH YEAR 
0. L. Hag~ard, Paf.ifj~;No~:h~~~l<~a~oratory March 1985 G. W. R. ndres 'aci ic 

9. PERFORMING ORGANIZATION NAME AND MAILING ADDRESS (Include Z1p Code) DATE REPORT ISSUED 

MONTH I YEAR Pacific Northwest Laboratory July 1985 Richland, Washington 99352 6. (Leave blank) 

8. (Leave blank/ 

12. SPONSORING ORGANIZATION NAME AND MAILING ADDRESS (Include Z1p Code) 
10. PROJECT/TASK/WORK UNIT NO. 

Division of Radiation Programs and Earth Sc.iences 
Office of Nuclear Regulatory Research 11. CONTRACT NO 
U.S. Nuclear Regulatory Commission 

' Washington, D.C. 20555 NRC FIN # 82282 

13. TYPE OF REPORT l PERIOD COVERED (/nchJSJve dates) 

Technical 

15. SUPPLEMENTARY NOTES 14. !Leave blank) 

16. ABSTRACT (200 words'or less) 

241 Neutron dose and energy spectral measurements from AmBe and a 14 MeV neutron generator 
were performed at a well-logging laboratory. The measurement technique included the tissue 
equivalent proportional counter, multishpere, two types of remmeters and five types of 
personnel neutron dosimeters. Several source configurations were used to attempt to relate 
data to field situations. The results of the measurements indicated that the thermo-
luminescent albedo dosimeter was the most appropriate personnel neutron dosimeter, and that 
the most appropriate calibration source would be the source normally employed in the field 
with the calibration source being used in the unmoderated configuration. 

17. KEY WORDS AND DOCUMENT ANALYSIS 17a. DESCRIPTORS 

Neutron dosimetry 
Neutron spectrometry 
Well-logging 

17b. IDENTIFIERSIOPEN·ENDED TERMS 

18. AVAILABILITY STATEMENT 19. SECURITY CLASS !ThiS report/ 21 NO OF PAGES 

Unclassified Un 1 imited 2IJ S!fURIT.Y CL~S (ThiS page) 22. PRICE 
nc ass1f1e s 

--

NRC FORM 33S 17·771 




