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INTRODUCTION 

In support of IER 252 “Characterization of the Flattop Reactor at the NCERC”, LLNL performed ROSPEC 

measurements of the neutron spectrum and deployed 129 Personnel Nuclear Accident Dosimeters 

(PNAD) to establish the need for height corrections and verification of neutron spectrum evaluation of 

the fluences and dose. A very limited number of heights (typically only one or two heights) can be 

measured using neutron spectrometers, therefore it was important to determine if any height 

correction would be needed in future intercomparisons and studies.  Specific measurement positions 

around the Flatttop reactor are provided in Figure 1.  Table 1 provides run and position information for 

LLNL measurements. The LLNL ROSPEC (R2) was used for run numbers 1 – 7, and vi. PNADs were 

positioned on trees during run numbers 9, 11, and 13.  

 

Fig 1. Layout for IER 252 Flattop spectral, fluence, and dose characterization evaluations. 



Table 1.  Run and position information for LLNL measurements of Flattop. 

 

      Position 

Run 
LLNL 

Run ID 
Date Start Stop 

Charge 
(As) 

1 2 3 4 5 6 7 8 9 10 11 

1 N1 15/05/17 13:14:10 14:20:50 2.21E-08 SSS FNS   BGO 1       
BGO 

2 
  R1 R2 

3 N4 16/05/17 12:23:14 13:23:14 1.77E-08   BGO 1         R2 SSS R1 FNS 
BGO 

2 

4 N5 16/05/17 14:53:52 16:03:52 2.72E-07 R1 BGO 1 R2   BGO 2   SSS FNS       

5 N9 17/05/17 9:37:17 11:07:17 2.99E-07 R2 SSS R1 BGO 1 FNS     
BGO 

2 
      

6 N10 17/05/17 12:33:08 13:33:08 4.14E-07   FNS   R1 BGO 1 R2   
BGO 

2 
    SSS 

7 N13 17/05/17 14:47:33 15:32:33 5.36E-07         BGO 1   R1 
BGO 

2 
R2   FNS 

vi N15 18/05/17 10:25:28 11:15:28 3.50E-06   BGO 2           
BGO 

1 
FNS R1 R2 

                 

13 13 22/05/17 11:26:00 13:42:00 2.90E-02 ARAMIS TREE   ATHOS TREE   D'ART TREE   TREE TREE 

11 11 23/05/17 9:38:00 10:22:00 2.00E-02   TREE ARAMIS   TREE ATHOS   TREE D'ART TREE TREE 

9 9 24/05/17 9:22:20 10:06:00 2.05E-02 TREE ARAMIS   TREE ATHOS   TREE D'ART   TREE TREE 



PERSONNEL NUCLEAR ACCIDENT DOSIMETRY MEASUREMENTS 

The deployment of the LLNL Personnel Nuclear Accident Dosimeters (PNADs) and SNL photon 

dosimeters was designed to assess the variability of the dose at distances 2, 3, 4, and 8 meters from the 

core of the Flattop reactor. Heights ranged from 103 to 197 cm above the floor. LLNL NADs were 

mounted vertically down the centerline of removable aluminum plates (Fig 2) that were then mounted 

on a movable stand (Fig 3). SNL CaF2 dosimeters were mounted across the top of each plate. 

  
Fig. 2 Three aluminum plates with mounted LLNL 
NADs (under yellow tape) and SNL dosimeters 
(under white tape). 

Fig. 3 Movable stand and mounts for the 
aluminum plates. 

 

The three characterization irradiations (run numbers 9, 11, and 13) where LLNL NADs and Sandia CaF2 

TLDs were deployed spanned 22 – 24 May 2017. Each irradiation was performed at a slightly different 

total charge (Amp-s) and duration as summarized in Table 2. 

 

 



Table 2. Total charge of irradiations performed for the characterization of Flattop where LLNL deployed 

NADs and SNL CaF2 TLDs were used. 

Date Irradiation ID Charge Start Time Charge End Time Amp-s 

22May2017 Flattop-13 11:26 13:42 2.90E-2 
23May2017 Flattop -11 09:38 10:22 2.00E-2 
24May2017 Flattop -9 09:22 10:06 2.05E-2 

 

Heights were converted to effective distances using the method provided in Figure 4. 
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Fig. 4.  Calculation of Effective Distance between Reactor Core and Dosimeter (from Tai, 2016). 

LLNL personnel nuclear accident dosimeters provide determination of fluence and dose for four 

neutron energy regions: thermal (0.025 eV); 1eV to 1 MeV; 1MEV to 3 MeV; and greater than 3 

MeV and is well suited for establishing correction of neutron spectra when variations are 

possible due to neutron field changes. Alternative dose evaluations (e.g., air kerma versus tissue 

kerma) are also possible. 

Irradiations were performed at 2, 3, 4 and 8 meters from the core of the Flattop reactor at 

positions 2, 5, 8, 10, 11 as illustrated in Fig 1. Not shown in Figure 1 is the fact that Position 11 

is obstructed from direct irradiation. 

 

 

 



PNAD RESULTS 

LLNL PNADs provided estimates of neutron fluence and tissue kerma dose as a function of the 

effective distance for each of the irradiations. These results are provided in Figs 5-10. Position 

11 readings are not included with these results (unless otherwise noted) since the readings at 

Position 11 often contained undetermined valuations (typically for >3 MeV) and provided 

incomplete and inaccurate results.  

 

 

 

Fig. 5. LLNL PNAD neutron fluence results as a function of effective distance from the reactor 

core for IER 252 Flattop irradiation #13. 
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Fig. 6. LLNL PNAD neutron tissue kerma results as a function of effective distance from the 

reactor core for IER 252 Flattop irradiation #13. 
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Fig. 7. LLNL PNAD neutron fluence results as a function of effective distance from the reactor 

core for IER 252 Flattop irradiation #11. 
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Fig. 8. LLNL PNAD neutron tissue kerma results as a function of effective distance from the 

reactor core for IER 252 Flattop irradiation #11. 
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Fig. 9. LLNL PNAD neutron fluence results as a function of effective distance from the reactor 

core for IER 252 Flattop irradiation #9. 
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Fig. 10. LLNL PNAD neutron tissue kerma results as a function of effective distance from the 

reactor core for IER 252 Flattop irradiation #9. 
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demonstrated an exponential relationship (e-0.3 to e-0.4) of fluence and tissue kerma dose with 

distance from the core of the reactor. Thermal neutron energy response as a function of 

distance is best described by a polynomial relationship. 

Values for fluence and tissue kerma dose by neutron energy range with increasing distance 

from the Flattop core are a function of neutron energy as demonstrated Figures 5 - 10.  Fluence 

measurements for neutron energies greater than 1 MeV at 2 meters repeatedly demonstrated 

low fluence values for measurements at the 103-cm measurement height as illustrated in 

Figure 11. (see also Figures 5, 7, and 9). Given a total charge (in A·s), the predictive functions 

provided in Figures 11 and 12 will reasonably predict the fluence and tissue kerma dose 

respectively. These functions are derive using the LLNL PNAD results for 2, 3, and 4 meters. 

Positions 10 and 11 (both at 8 meters) are not well predicted by these functions. There are 

observable differences between Position 10 and Position 11, as evidenced by the spread of the 

data at 8 meters in Figures 11 and 12. When predicting the fluence and tissue dose at Positions 

10 and 11 the values in Table 3 should be used to predict the fluence and kerma dose. 

 

Fig. 11. Neutron fluence per unit charge as a function of distance from the Flattop reactor core using 

PNADs. 
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Fig. 12. Neutron tissue kerma per unit charge as a function of distance from the Flattop reactor core. 

 

Table 3. Fluence and tissue kerma dose predictive values for 8 meters from the Flattop Core using PNAD 

results. 

 n cm-2 per A·s  Gy per A·s 

Energy Range Pos. 10 (@8m) ± 1s  Pos. 11 (@8m) ± 1s  Pos. 10 (@8m) ± 1s  Pos. 11 (@8m) ± 1s 

>3 MeV 1.62E+10 ± 19%  4.85E+09 ± 95%  8.53E-01 ± 20%  2.20E-01 ± 88% 

1-3 MeV 1.09E+11 ± 34%  6.87E+10 ± 199%  3.771297 ± 29%  2.261159 ± 206% 

1ev - 1 MeV 2.35E+12 ± 32%  1.53E+12 ± 203%  19.94112 ± 24%  13.15493 ± 197% 

Thermal 3.31E+11 ± 7%  1.86E+11 ± 24%  0.229625 ± 6%  0.123248 ± 9% 
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HEIGHT CORRECTIONS 

Evaluation of the change in fluence as a function of height indicates that a moderately strong 

correlation (R2= 0.4177, p = 0.025) with height for dosimeters positioned at 2 meters (i.e., 

effective distance at 2-meter locations). The correction for the fluence applies only to neutron 

energies greater than 1 MeV (1-3 plus > 3 MeV bins). At all other neutron energies and 

measurement distances other than 2 meters, there is no indication that a correction for the 

height (effective distance) is needed. 

Figure 13 provides height correction factor information for the effective distance of dosimeters 

positioned two meters from the Flattop core and a neutron energy greater than 1 MeV (see Figure 4 for 

effective distance calculation method). 

 

Fig. 13. Fluence height correction factors for neutron energies greater than 1MeV when positioned at 

the 2-meter radius from the core of the Flattop reactor (includes 103 cm heights). 

However, when the 103-cm height measured fluence values at 2 meters are removed from the data set 

in Figure 13, the resulting functional corrections factors demonstrate a nonsignificant correction relative 

to height (effective distance) as shown in Figure 14. 
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Fig. 14. Non-significant fluence height correction factors for neutron energies greater than 1 MeV when 

positioned at the 2-meter radius from the core of the Flattop reactor with the 103 cm height 

results removed. 

As shown in Fig 15, the height correction for neutrons with energies between 1 eV and 1 MeV at the 2-

meter radius is non-significant (R2 = 0.0108, p = 0.48). This relationship holds for all neutron energies 

below 1 MeV and for all distances.  

 

 

Fig 15. Non-significant fluence height correction factor for neutron energies between 1eV and 1 MeV at 

the 2-meter radius. 
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Likewise, there were non-significant correction factors for all neutron energies at when positioned at 

distances beyond 2 meters. For example, in Figure 16 demonstrates for greater than 1MeV neutrons at 

plate heights on the 3-meter radius there is a nonsignificant correction (R2= 0.0014, p = 0.50). 

 

Fig. 16. Nonsignificant fluence height correction factor for neutron energies greater than 1 MeV at the 3-

meter radius. 

 

The LLNL PNAD height data demonstrated a consistent under response for both the >3 MeV 
and 1-3MeV neutron energies at 2 meters when the dosimeter height is at 103 cm. This height 
should not be used in routine studies evaluations that use predicted dosimetry methods. 
 

GAMMA DOSIMETRY 

Sandia National Laboratory (SNL) deployed 700 CaF2(Mn) dosimeters (225 per irradiation plus 25 for 

controls) to evaluate the gamma dose field from the Flattop reactor. The CaF2 dosimeters were grouped 

into sets of 5 dosimeters (45 sets per irradiation). Results represent the average and errors associated 

with each 5-dosimeter set per measurement location.  

Using Pulse # 11 as an example, Figures 17 – 20 demonstrate that there is no significant variation of 

dose across the face of the plates where dosimeters were mounted. Figure 21 shows significant 

variation across the plates at Position 11 which is partially blocked from direct irradiation. These 

patterns are similar for Pulse 9 and 13. 
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Fig. 17. Variation of gamma dose across the surface of the aluminum support plates holding the 

dosimeters at 2 meters from the Flattop reactor. 

 

Fig. 18. Variation of gamma dose across the surface of the aluminum support plates holding the 

dosimeters at 3 meters from the Flattop reactor. 
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Fig. 19. Variation of gamma dose across the surface of the aluminum support plates holding the 

dosimeters at 4 meters from the Flattop reactor. 

 

 

Fig. 20. Variation of gamma dose across the surface of the aluminum support plates holding the 

dosimeters at 8 meters from the Flattop reactor. 
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Fig. 21. Variation of gamma dose across the surface of the aluminum support plates holding the 

dosimeters at 8 meters from the Flattop reactor – Position 11. 

As shown if Figure 21, position 11 variability was greatest for all of the irradiations, adding to the 

conclusion from the PNAD evaluations that this position has high variation and should not be used for 

intercomparisons. 

Vertical and horizontal variations in the gamma doses are normally within ±5% for positions between 2 

and 8 meters except for Position 11. The gamma doses do not show a trend or require correction for 

height at the 2-meter and beyond positions as illustrated below using the measured dose data for Pulse 

#13 (Figure 22). The results for height variability for all three pulses, Pulse 9, 11, and 13 showed similar 

patterns to that observed in Figure 22, regardless of position. 
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Fig. 22. Gamma dose at 2 meters from Flattop core for Pulse #13 using dosimeters positioned at multiple 

heights (plates). 

 

The measured gamma tissue dose for the three Flattop irradiations as a function of distance are 

illustrated in Figure 23. 

 

Fig. 23. Measured tissue gamma dose as a function of distance for three characterization measurements 

FT13, FT11, and FT9 using CaF2(Mn) dosimeters. 

0.00E+00

2.00E-01

4.00E-01

6.00E-01

8.00E-01

1.00E+00

1.20E+00

1.40E+00

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45

Pulse # 13, Tree # 2
Tissue Dose(Gy)/Pulse)

All 45 TLDs on Tree # 2 Average value by plate on tree # 2

y = -0.1507x + 1.407
R² = 0.9814

y = -0.1034x + 0.9635
R² = 0.9836

y = -0.1174x + 1.0838
R² = 0.9799

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

0 1 2 3 4 5 6 7 8 9

Ti
ss

u
e 

G
am

m
a 

D
o

se
 (

G
y)

Distance from Core (m)

FT13 FT11 FT9



The predictive equation as a function of distance and the total charge can be found in Figure 24. 

Statistical data associated with the prediction function are provided in Tables 3 and 4. 

 

Fig. 24. Gamma tissue dose per unit charge as a function of distance using CaF2(Mn) dosimeters. 

Statistics for the regression of the CaF2(Mn) regression are provided in Tables 4 and 5. This statistical 

data can be used to generate statistical errors for predicted gamma doses. 

Table 4. Regression statistics for the prediction line in Figure 23. 

Regression Statistics 

Multiple R 0.986 

R Square 0.972 

Adjusted R Square 0.972 

Standard Error 2.062 

Observations 540.000 
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Table 5. Variables and standard errors associated with the variables associated with the regression in 

Figure 23.  

  Coefficients Standard Error 

Intercept 49.8540 0.1887 

X Variable (m) -5.3643 0.0391 

 

 

LLNL PANASONIC 810 AND PERSONNEL ION CHAMBER GAMMA DOSES 

Within each of the 129 deployed PNADs, LLNL includes Panasonic 810 dosimeters. The use of these 

dosimeters has been accredited by the DOE Laboratory Accreditation Program (DOELAP) and complies 

with ANSI N13.11 (2009) and DOE Standard DOE-STD-1095-2011. Like the PNAD neutron evaluations, 

the relative responses of these dosimeters were used to investigate if height corrections would be 

needed for gamma doses.  No correction as a function of height was noted for any of the measured 

distances and heights from the core. Figure 25 demonstrated the typical effect of height on gamma 

dose. 

 

 

Fig. 25. Non-significant gamma dose height correction factor when positioned at the 2-meter radius 

from the core of the Flattop reactor. 
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performance and have improved consistency. Figure 26 compares the LLNL Panasonic dosimeter results 

to the SNL CaF2(Mn) results. The LLNL 810 dosimeter gamma dose measurements tend to over-estimate 

gamma doses by approximately 44%. Additional evaluation and corrections may be needed before LLNL 

will be able to provide reasonably accurate gamma dose evaluations. 

 

Fig. 26. Comparison of 810 and CaF2 gamma dose for Flattop irradiations nos. 9, 11, and 13 - May 2017. 

 

The response of the LLNL Panasonic dosimeters show a similar functional relationship to the CaF2(Mn) 

dosimeters as a function of distance and integrated charge for the three exposure levels as 

demonstrated in Figures 27-28. 

Figures 11, 12, 23 and 27 demonstrate that additional data is needed to establish a more reliable 

predictive function for fluence and dose as a function of total charge. The lack of measurements 

between 100 and 200 Coulombs limits the predictability of the fluence and dose. Future additional 

measurements would strengthen the prediction functions and allow for confident use of other currents 

and times of irradiations.  
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Fig. 27. LLNL 810 dosimeter measured gamma tissue dose as a function of distance for three 

characterization measurements FT13, FT11, and FT9. 
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Fig. 28. Gamma tissue dose per unit charge as a function of distance using LLNL 810 dosimeters. 

 

Personal Ion Chambers (PICs) were deployed for each irradiation (9, 1, and 13) at 2, 3, 4, and 8-meter 

locations.  Appendix B provides the observed readings from the PICs. Figure 29 summarizes the PIC 

results per unit charge as a function of distance from the Flattop reactor, excluding Position 11. 
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Fig. 29. Gamma tissue dose per unit charge as a function of distance using Personal Ion Chambers. 

PIC readings provide predicted gamma dose results that were approximately 0% to 150% higher than 

CaF2(Mn) predictions. A measurement of the PICs using gamma spectrometry demonstrated that the 

internal components of the PICs had become activated and the activation is likely to have influenced the 

readings. Additional evaluation on the use and reliability of PICs for the Flattop reactor is needed. 
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NEUTRON SPECTRAL MEASUREMENTS USING THE ROSPEC 

LLNL deployed a ROSPEC™ spectrometer1 during the week of 15-May-2017 to assist with the spectral 

evaluation of the Flattop reactor. The summary of irradiations where LLNL deployed the ROSPEC and 

results are provided in Table 6. 

Table 6. Summary for LLNL ROSPEC measurements. 

Date 
17-May-

2017 
16-May-

2017 
17-May-

2017 
16-May-

2017 
17-May-

2017 
15-May-

2017 
18-May-

2017  
Run #  5 4 6 3 7 1 vi  
LLNL ROSPEC ID N9 N5 N10 N4 N13 N1 N15  
Position 1 3 6 7 9 11 11  
Distance 2m 2m 3m 4m 4m 8m 8m  
FLATTOP Charge (A-s) 2.99E-07 2.72E-07 4.14E-07 1.77E-08 5.36E-07 2.21E-08 3.50E-06  
Measurement time (s) 5,400 4,200 3,600 3,600 2,700 4,000 3,000  

H*(10) in Sv/h 637 573 723 23.3 801 4.363 163.6 
 

Neutron fluence 
rate (n/(s.cm2) ) 

1,294 1,189 1,815 70.25 2,384 10.66 993 
 

 

The LLNL ROSPEC exhibited higher than normal counts especially from counter #2.  Background 

measurements before or after each measurement.  The normalized background (relative to 

measurement time) was subtracted from each measurement and before unfolding the resulting 

spectrum. Table 5 provides a summary of the fluence and dose results. 

Background corrected spectra for 2, 3, 4, and 8 meters are provided in Appendix A (Figures A1 – A7). 

Data values as a function of energy, fluence, and dose values data are also provided for each position in 

the Appendix A. 

The neutron fluence per unit charge as a function of distance from the Flattop core is provided in Figure 

28. There is strong correlation as a function of distance with an p-value of 0.000158. Tables 7 and 8 

provide statistical data associated with the ROSPEC data correlation that can be used to generate 

statistical errors for predicted neutron fluences. The PNAD data demonstrated an incongruity with data 

at Position 11 (especially with respect to Position 10), however, the ROSPEC was located at a position 

between Positions 10 and 11 being slightly closer to Position 11 than Position 10. The PNAD observed 

incongruity may not have existed for the ROSPEC. Data from the second (AWE) ROSPEC used at these 

positions will help confirm or deny these results. 

                                                           
1 ROSPEC (a Rotating Neutron Spectrometer) is a trademark of Bubble Technologies, 31278 Highway 17, Chalk 
River, K0J 1J0, Ontario, Canada. 



 

Figure 28. Neutron fluence per unit charge as a function of distance from the Flattop reactor core using 

the LLNL ROSPEC. 

Table 7. Regression statistics for the prediction line in Figure 28. 

Regression Statistics 

Multiple R 0.977 

R Square 0.954 

Adjusted R Square 0.945 

Standard Error 1.954E+12 

Observations 7 

 

Table 8. Variables and standard errors associated with the variables associated with the regression in 

Figure 28. 

  Coefficients Standard Error 

Intercept 2.634E+13 1.559E+12 

X Variable (m) -3.154E+12 3.101E+11 
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COMPARISON of LLNL PNAD and LLNL ROSPEC PREDICITON FUNCTIONS 

The ROSPEC provides a very accurate neutron spectral measurement, but data must be collected at a 

low dose relative to the typical criticality accident. The predictions of the fluence and dose using ROSPEC 

data must scale several orders of magnitude higher than the levels used to make the spectral 

measurements. Figure 28 provides the functional relationship for scaling the ROSPEC results to higher 

levels of fluence at various distances from the FLATTOP reactor. In contrast, the LLNL PNADs are 

applicable to high dose situations typically encountered in criticality accidents, however the PNADs offer 

a limited spectral evaluation dividing the neutron spectrum in thermal, 1 eV to 1 MeV, 1 MeV to 3 MeV, 

and greater than 3 MeV. The predictive functions using the LLNL PNADs in relationship to distance from 

the Flattop reactor is provided in Figure 11. The predictions of fluence using each of these methods 

demonstrated a difference that ranged from -5% to 13% depending on the distance from the reactor. 

Table 9. Summarizes the fluence predictions using the functions in Figures 11 and 28 for the measured 

currents. 

  

Predicted Fluence (n-cm2) 

Distance (m) Current (A-s) LLNL ROSPEC LLNL PNAD % Difference 

2 0.029 5.81E+11 6.55E+11 13%  
0.020 4.01E+11 4.52E+11 13%  

0.0205 4.11E+11 4.63E+11 13% 

3 0.029 4.89E+11 5.01E+11 2%  
0.020 3.38E+11 3.46E+11 2%  

0.0205 3.46E+11 3.54E+11 2% 

4 0.029 3.98E+11 3.78E+11 -5%  
0.020 2.74E+11 2.60E+11 -5%  

0.0205 2.81E+11 2.67E+11 -5% 

 

 

 

 

 

  



APPENDIX A 

 



 

Fig. A1. Flattop spectrum at 2 meters, Position 1. 
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Table A1. Flattop spectral, fluence, and dose data at 2meters, Position 1 for 2.99x10-7 A·s. 



    

Fig, A2. Flattop spectrum at 2 meters, Position 3. 
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Table A2. Flattop spectral, fluence, and dose data at 2 meters, Position 3 for 2.72x10-7 A·s. 



  

Fig, A3. Flattop spectrum at 3 meters, Position 6. 
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Table A3. Flattop spectral, fluence, and dose data at 3 meters, Position 6 for 4.14x10-7 A·s. 



  

Fig, A4. Flattop spectrum at 4 meters, Position 7. 

1.00E+02

1.00E+03

1.00E+04

1.00E+05

1.00E-08 1.00E-07 1.00E-06 1.00E-05 1.00E-04 1.00E-03 1.00E-02 1.00E-01 1.00E+00 1.00E+01

E
 P

H
I 
E

NEUTRON ENERGY (MeV)

ROSPEC NEUTRON SPECTRUM,  background subtracted

FLATTOP,  4m,   P7,  T=3,600 s,  5-16-2017



Table A4. Flattop spectral, fluence, and dose data at 4 meters, Position 7 for 1.77x10-8 A·s. 



  

Fig, A5. Flattop spectrum at 4 meters, Position 9.  
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Table A5. Flattop spectral, fluence, and dose data at 4 meters, Position 9 for 5.36x10-7 A·s. 

 



  

Fig, A6. Flattop spectrum at 8 meters, Position 11. 
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Table A6. Flattop spectral, fluence, and dose data at 8 meters, Position 11 for 2.21x10-8 A·s. 

 

  



  

Fig, A7. Flattop spectrum at 8 meters, Position 11. 
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Table A7. Flattop spectral, fluence, and dose data at 8 meters, Position 11 for 3.50x10-6 A·s. 
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PNAD and CaF2(Mn) DATA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table B1. LLNL PNAD neutron fluence results as a function of effective distance from the reactor core for IER 252 

Flattop irradiation #13 (see Fig 5). 

Effective Distance (m) Approximate Neutron Energy Range 

 > 3 MeV 1 - 3 MeV 1 eV - 1 MeV Thermal 

2.054 7.03E+09 3.21E+10 6.68E+11 4.65E+10 

2.030 7.22E+09 3.09E+10 5.85E+11 4.62E+10 

2.013 7.63E+09 3.78E+10 6.04E+11 4.18E+10 

2.004 7.81E+09 3.52E+10 5.9E+11 4.36E+10 

2.000 7.86E+09 3.26E+10 5.41E+11 4.67E+10 

2.004 7.63E+09 3.06E+10 4.87E+11 4.77E+10 

2.013 7.57E+09 3.63E+10 4.55E+11 5.1E+10 

2.030 6.7E+09 3.46E+10 5.23E+11 4.22E+10 

2.054 4.74E+09 2.07E+10 4.64E+11 4.79E+10 

3.037 3.73E+09 1.81E+10 3.9E+11 4.43E+10 

3.020 3.36E+09 1.65E+10 3.48E+11 4.72E+10 

3.009 3.71E+09 1.88E+10 3.87E+11 4.78E+10 

3.002 3.7E+09 1.79E+10 4.25E+11 4.64E+10 

3.000 3.62E+09 1.67E+10 4.32E+11 4.49E+10 

3.002 3.83E+09 1.46E+10 3.85E+11 4.81E+10 

3.009 3.67E+09 1.72E+10 4.14E+11 4.53E+10 

3.020 3.31E+09 1.85E+10 3.3E+11 4.76E+10 

3.037 3.5E+09 1.54E+10 3.2E+11 4.88E+10 

4.028 1.73E+09 9.34E+09 3.4E+11 4.24E+10 

4.015 1.62E+09 1.01E+10 3.05E+11 4.26E+10 

4.007 2.22E+09 1.15E+10 2.91E+11 4.68E+10 

4.002 1.92E+09 1.35E+10 3.58E+11 4.2E+10 

4.000 2.31E+09 1.12E+10 3.12E+11 4.28E+10 

4.002 2.16E+09 1.05E+10 2.98E+11 4.45E+10 

4.007 1.99E+09 1.08E+10 2.79E+11 4.02E+10 

4.015 1.57E+09 1.24E+10 2.91E+11 3.97E+10 

4.028 1.9E+09 1.11E+10 2.77E+11 4.32E+10 

8.014 3.8E+08 3.14E+09 4.94E+10 8.32E+09 

8.008 4.98E+08 2.72E+09 4.88E+10 9.6E+09 

8.003 5.24E+08 5.21E+09 6.12E+10 9.4E+09 

8.001 3.48E+08 2.38E+09 7.01E+10 9.27E+09 

8.000 6.27E+08 2.5E+09 6.53E+10 9.01E+09 

8.001 3.92E+08 4.14E+09 7.39E+10 1.02E+10 

8.003 3.85E+08 3.34E+09 6.88E+10 9.42E+09 

8.008 5.82E+08 5E+09 3.43E+10 9.19E+09 

8.014 4.68E+08 3.54E+09 5.95E+10 9.51E+09 
 

  



 Table B2. LLNL PNAD neutron tissue kerma results as a function of effective distance from the reactor core for IER 

252 Flattop irradiation #13 (see Fig 6). 

Effective Distance (m) Approximate Neutron Energy Range 

 > 3 MeV 1 - 3 MeV 1 eV - 1 MeV Thermal 

2.054 0.373 1.06 5.41 0.0325 

2.030 0.383 1.02 4.74 0.0323 

2.013 0.404 1.25 4.9 0.0293 

2.004 0.414 1.16 4.78 0.0305 

2.000 0.417 1.08 4.38 0.0327 

2.004 0.404 1.01 3.95 0.0334 

2.013 0.401 1.2 3.68 0.0357 

2.030 0.355 1.14 4.24 0.0295 

2.054 0.251 0.682 3.76 0.0335 

3.037 0.198 0.598 3.16 0.031 

3.020 0.178 0.546 2.82 0.0331 

3.009 0.197 0.62 3.13 0.0335 

3.002 0.196 0.592 3.45 0.0325 

3.000 0.192 0.552 3.5 0.0315 

3.002 0.203 0.48 3.12 0.0337 

3.009 0.195 0.569 3.35 0.0317 

3.020 0.175 0.611 2.68 0.0333 

3.037 0.185 0.509 2.59 0.0342 

4.028 0.0916 0.308 2.76 0.0297 

4.015 0.0858 0.332 2.47 0.0298 

4.007 0.118 0.378 2.36 0.0328 

4.002 0.102 0.445 2.9 0.0294 

4.000 0.122 0.368 2.52 0.03 

4.002 0.115 0.348 2.41 0.0312 

4.007 0.105 0.356 2.26 0.0281 

4.015 0.0832 0.41 2.36 0.0278 

4.028 0.101 0.368 2.24 0.0303 

8.014 0.0201 0.104 0.4 0.00582 

8.008 0.0264 0.0898 0.395 0.00672 

8.003 0.0278 0.172 0.496 0.00658 

8.001 0.0185 0.0786 0.568 0.00649 

8.000 0.0332 0.0825 0.529 0.00631 

8.001 0.0208 0.137 0.598 0.00717 

8.003 0.0204 0.11 0.557 0.00659 

8.008 0.0309 0.165 0.278 0.00643 

8.014 0.0248 0.117 0.482 0.00666 

 

 

 



Table B3. LLNL PNAD neutron fluence results as a function of effective distance from the reactor core for IER 252 

Flattop irradiation #11 (see Fig 7). 

Effective Distance (m) Approximate Neutron Energy Range 

 > 3 MeV 1 - 3 MeV 1 eV - 1 MeV Thermal 

2.054 5.09E+09 2.26E+10 3.38E+11 3.26E+10 

2.030 5.04E+09 2.52E+10 3.41E+11 3.01E+10 

2.013 4.94E+09 2.50E+10 3.47E+11 3.35E+10 

2.004 5.12E+09 2.38E+10 4.16E+11 3.71E+10 

2.000 5.47E+09 2.68E+10 4.03E+11 3.27E+10 

2.004 5.20E+09 2.42E+10 3.24E+11 3.33E+10 

2.013 5.25E+09 2.64E+10 2.93E+11 2.92E+10 

2.030 5.20E+09 2.28E+10 3.94E+11 3.12E+10 

2.054 3.34E+09 1.35E+10 3.24E+11 3.25E+10 

3.037 2.72E+09 1.19E+10 3.36E+11 3.09E+10 

3.020 2.54E+09 1.37E+10 2.45E+11 3.26E+10 

3.009 2.57E+09 1.14E+10 8.26E+11 3.03E+10 

3.002 2.53E+09 1.21E+10 2.06E+11 3.21E+10 

3.000 2.66E+09 1.15E+10 3.29E+11 3.15E+10 

3.002 2.62E+09 1.41E+10 2.11E+11 3.02E+10 

3.009 2.94E+09 2.00E+10 3.38E+11 3.12E+10 

3.020 2.24E+09 1.17E+10 2.37E+11 3.32E+10 

3.037 2.66E+09 1.09E+10 2.06E+11 3.29E+10 

4.028 1.40E+09 7.85E+09 2.53E+11 2.84E+10 

4.015 1.34E+09 5.92E+09 2.15E+11 3.05E+10 

4.007 1.55E+09 7.55E+09 2.42E+11 2.67E+10 

4.002 1.39E+09 4.85E+09 2.47E+11 2.86E+10 

4.000 1.43E+09 7.24E+09 1.82E+11 3.06E+10 

4.002 1.75E+09 6.83E+09 2.59E+11 3.06E+10 

4.007 1.75E+09 6.37E+09 2.25E+11 2.86E+10 

4.015 1.31E+09 6.89E+09 1.84E+11 3.10E+10 

4.028 1.45E+09 4.86E+09 1.77E+11 2.91E+10 

8.014 3.35E+08 1.59E+09 6.37E+10 6.77E+09 

8.008 3.78E+08 2.79E+09 6.12E+10 7.20E+09 

8.003 2.33E+08 2.36E+09 6.48E+10 6.96E+09 

8.001 3.79E+08 1.66E+09 7.24E+10 6.66E+09 

8.000 3.83E+08 1.10E+09 5.31E+10 6.48E+09 

8.001 2.50E+08 3.24E+09 4.96E+10 6.88E+09 

8.003 2.05E+08 3.35E+09 6.02E+10 7.26E+09 

8.008 2.66E+08 1.31E+09 6.41E+10 6.54E+09 

8.014 3.42E+08 4.50E+08 4.08E+10 7.52E+09 

 

  



Table B4. LLNL PNAD neutron tissue kerma results as a function of effective distance from the reactor core for IER 

252 Flattop irradiation #11 (see Fig. 8) 

Effective Distance (m) Approximate Neutron Energy Range 
 

> 3 MeV 1 - 3 MeV 1 eV - 1 MeV Thermal 

2.054 0.27 0.746 2.73 0.0228 

2.030 0.267 0.832 2.76 0.0211 

2.013 0.262 0.826 2.81 0.0234 

2.004 0.271 0.786 3.37 0.026 

2.000 0.29 0.885 3.26 0.0229 

2.004 0.276 0.798 2.62 0.0233 

2.013 0.278 0.872 2.37 0.0205 

2.030 0.276 0.752 3.2 0.0218 

3.037 0.144 0.394 2.72 0.0216 

3.020 0.134 0.453 1.99 0.0228 

3.009 0.136 0.376 6.69 0.0212 

3.002 0.134 0.399 1.67 0.0225 

3.000 0.141 0.379 2.66 0.022 

3.002 0.139 0.465 1.71 0.0211 

3.009 0.156 0.66 2.74 0.0219 

3.020 0.119 0.386 1.92 0.0233 

3.037 0.141 0.361 1.67 0.023 

4.028 0.0742 0.259 2.05 0.0199 

4.015 0.0712 0.195 1.74 0.0213 

4.007 0.0822 0.249 1.96 0.0187 

4.002 0.0738 0.16 2 0.02 

4.000 0.0756 0.239 1.48 0.0214 

4.002 0.0927 0.225 2.1 0.0214 

4.007 0.0928 0.21 1.82 0.02 

4.015 0.0695 0.227 1.49 0.0217 

4.028 0.0769 0.16 1.43 0.0204 

8.014 0.0177 0.0526 0.516 0.00474 

8.008 0.0201 0.0922 0.496 0.00504 

8.003 0.0123 0.078 0.525 0.00487 

8.001 0.0201 0.0549 0.586 0.00467 

8.000 0.0203 0.0362 0.43 0.00454 

8.001 0.0133 0.107 0.402 0.00482 

8.003 0.0109 0.111 0.488 0.00508 

8.008 0.0141 0.0432 0.519 0.00458 

8.014 0.0181 0.0148 0.331 0.00526 

 

 



Table B5. LLNL PNAD neutron fluence results as a function of effective distance from the reactor core for IER 252 

Flattop irradiation #9 (see Fig. 9). 

Effective Distance (m) Approximate Neutron Energy Range 

 > 3 MeV 1 - 3 MeV 1 eV - 1 MeV Thermal 

2.054 5.74E+09 2.80E+10 3.97E+11 3.47E+10 

2.030 5.75E+09 2.70E+10 4.42E+11 3.45E+10 

2.013 5.79E+09 2.55E+10 3.85E+11 3.36E+10 

2.004 6.23E+09 2.93E+10 4.21E+11 3.64E+10 

2.000 6.04E+09 3.11E+10 4.71E+11 3.64E+10 

2.004 6.14E+09 3.07E+10 4.77E+11 3.72E+10 

2.013 5.97E+09 2.70E+10 4.21E+11 3.52E+10 

2.030 5.15E+09 2.74E+10 4.87E+11 3.56E+10 

2.054 5.01E+09 2.26E+10 4.15E+11 3.64E+10 

3.037 2.70E+09 1.51E+10 3.23E+11 3.46E+10 

3.020 2.47E+09 1.49E+10 3.29E+11 4.00E+10 

3.009 2.43E+09 1.31E+10 3.31E+11 3.75E+10 

3.002 2.44E+09 1.17E+10 3.17E+11 3.71E+10 

3.000 2.41E+09 1.26E+10 3.59E+11 3.81E+10 

3.002 2.91E+09 1.06E+10 3.35E+11 3.78E+10 

3.009 2.62E+09 1.11E+10 3.22E+11 3.79E+10 

3.020 2.53E+09 1.19E+10 3.34E+11 4.02E+10 

3.037 2.34E+09 1.08E+10 3.12E+11 3.69E+10 

4.015 1.60E+09 5.13E+09 2.05E+11 3.29E+10 

4.000 1.55E+09 9.41E+09 2.28E+11 3.12E+10 

4.015 1.55E+09 6.90E+09 2.56E+11 3.46E+10 

8.014 3.30E+08 2.34E+09 3.27E+10 6.11E+09 

8.008 4.26E+08 1.99E+09 4.51E+10 6.51E+09 

8.003 3.33E+08 2.48E+09 3.59E+10 6.03E+09 

8.001 4.10E+08 2.23E+09 5.55E+10 7.63E+09 

8.000 2.68E+08 2.37E+09 5.43E+10 6.49E+09 

8.001 2.86E+08 2.51E+09 6.19E+10 6.78E+09 

8.003 3.45E+08 2.03E+09 5.08E+10 6.52E+09 

8.008 3.88E+08 2.13E+09 4.85E+10 6.58E+09 

8.014 3.40E+08 1.48E+09 NM 7.15E+09 

NM = not measurable 

 

 



Table B6. LLNL PNAD neutron tissue kerma results as a function of effective distance from the reactor core for IER 

252 Flattop irradiation #9 (see Fig. 10). 

Effective Distance (m) Approximate Neutron Energy Range 
 

> 3 MeV 1 - 3 MeV 1 eV - 1 MeV Thermal 

2.054 0.304 0.925 3.22 0.0243 

2.030 0.304 0.891 3.58 0.0242 

2.013 0.307 0.842 3.12 0.0235 

2.004 0.33 0.968 3.41 0.0255 

2.000 0.32 1.03 3.82 0.0255 

2.004 0.325 1.01 3.87 0.0261 

2.013 0.316 0.892 3.41 0.0246 

2.030 0.273 0.903 3.95 0.025 

2.054 0.265 0.745 3.36 0.0254 

3.037 0.143 0.497 2.62 0.0242 

3.020 0.131 0.493 2.66 0.028 

3.009 0.129 0.433 2.68 0.0263 

3.002 0.129 0.387 2.57 0.026 

3.000 0.128 0.417 2.91 0.0267 

3.002 0.154 0.35 2.71 0.0265 

3.009 0.139 0.366 2.61 0.0265 

3.020 0.134 0.391 2.7 0.0282 

3.037 0.124 0.357 2.53 0.0258 

4.015 0.085 0.169 1.66 0.023 

4.000 0.082 0.31 1.85 0.0218 

4.015 0.0823 0.228 2.07 0.0243 

8.014 0.0175 0.0773 0.265 0.00428 

8.008 0.0226 0.0658 0.365 0.00455 

8.003 0.0177 0.0819 0.291 0.00422 

8.001 0.0217 0.0735 0.45 0.00534 

8.000 0.0142 0.0783 0.44 0.00454 

8.001 0.0152 0.0829 0.502 0.00475 

8.003 0.0183 0.067 0.411 0.00456 

8.008 0.0206 0.0702 0.393 0.0046 

8.014 0.018 0.0488 NM 0.005 

NM = not measurable 

  



Table B7. Neutron fluence per unit charge as a function of distance from the Flattop reactor core using PNADs 

(see Fig. 11). 

Effective Distance (m) Approximate Neutron Energy Range 
 

> 3 MeV 1 - 3 MeV 1 eV - 1 MeV Thermal 

2.054 2.42E+11 1.11E+12 2.30E+13 1.60E+12 

2.030 2.49E+11 1.06E+12 2.02E+13 1.59E+12 

2.013 2.63E+11 1.30E+12 2.08E+13 1.44E+12 

2.004 2.69E+11 1.21E+12 2.03E+13 1.50E+12 

2.000 2.71E+11 1.12E+12 1.87E+13 1.61E+12 

2.004 2.63E+11 1.06E+12 1.68E+13 1.65E+12 

2.013 2.61E+11 1.25E+12 1.57E+13 1.76E+12 

2.030 2.31E+11 1.19E+12 1.80E+13 1.46E+12 

2.054 1.63E+11 7.12E+11 1.60E+13 1.65E+12 

3.037 1.29E+11 6.25E+11 1.35E+13 1.53E+12 

3.020 1.16E+11 5.71E+11 1.20E+13 1.63E+12 

3.009 1.28E+11 6.48E+11 1.33E+13 1.65E+12 

3.002 1.28E+11 6.18E+11 1.47E+13 1.60E+12 

3.000 1.25E+11 5.77E+11 1.49E+13 1.55E+12 

3.002 1.32E+11 5.02E+11 1.33E+13 1.66E+12 

3.009 1.27E+11 5.94E+11 1.43E+13 1.56E+12 

3.020 1.14E+11 6.38E+11 1.14E+13 1.64E+12 

3.037 1.21E+11 5.31E+11 1.10E+13 1.68E+12 

4.028 5.96E+10 3.22E+11 1.17E+13 1.46E+12 

4.015 5.58E+10 3.47E+11 1.05E+13 1.47E+12 

4.007 7.66E+10 3.95E+11 1.00E+13 1.61E+12 

4.002 6.60E+10 4.65E+11 1.24E+13 1.45E+12 

4.000 7.96E+10 3.85E+11 1.07E+13 1.48E+12 

4.002 7.46E+10 3.63E+11 1.03E+13 1.54E+12 

4.007 6.85E+10 3.72E+11 9.62E+12 1.39E+12 

4.015 5.41E+10 4.28E+11 1.00E+13 1.37E+12 

4.028 6.57E+10 3.84E+11 9.54E+12 1.49E+12 

8.014 1.31E+10 1.08E+11 1.70E+12 2.87E+11 

8.008 1.72E+10 9.38E+10 1.68E+12 3.31E+11 

8.003 1.81E+10 1.80E+11 2.11E+12 3.24E+11 

8.001 1.20E+10 8.21E+10 2.42E+12 3.20E+11 

8.000 2.16E+10 8.62E+10 2.25E+12 3.11E+11 

8.001 1.35E+10 1.43E+11 2.55E+12 3.53E+11 

8.003 1.33E+10 1.15E+11 2.37E+12 3.25E+11 

8.008 2.01E+10 1.72E+11 1.18E+12 3.17E+11 

8.014 1.61E+10 1.22E+11 2.05E+12 3.28E+11 

8.014 1.30E+10 9.79E+09 6.37E+11 1.51E+11 

8.008 2.70E+09 1.05E+10 3.97E+11 1.75E+11 



Table B7. continued Approximate Neutron Energy Range 

Effective Distance (m) > 3 MeV 1 - 3 MeV 1 eV - 1 MeV Thermal 

8.003 4.81E+09 2.96E+10 8.45E+11 1.71E+11 

8.001 8.64E+08 6.49E+10 1.87E+11 1.47E+11 

8.000 1.65E+09 3.70E+10 8.36E+11 1.79E+11 

8.001 2.01E+09 4.96E+10 1.11E+12 1.71E+11 

8.003 2.24E+09 6.08E+11 8.22E+11 1.70E+11 

8.008 7.99E+08 1.61E+10 1.13E+12 1.68E+11 

8.014 4.33E+09 8.28E+09 5.52E+11 1.92E+11 

2.054 2.54E+11 1.13E+12 1.69E+13 1.63E+12 

2.030 2.52E+11 1.26E+12 1.71E+13 1.51E+12 

2.013 2.47E+11 1.25E+12 1.74E+13 1.67E+12 

2.004 2.56E+11 1.19E+12 2.08E+13 1.85E+12 

2.000 2.73E+11 1.34E+12 2.01E+13 1.63E+12 

2.004 2.60E+11 1.21E+12 1.62E+13 1.67E+12 

2.013 2.63E+11 1.32E+12 1.46E+13 1.46E+12 

2.030 2.60E+11 1.14E+12 1.97E+13 1.56E+12 

2.054 1.67E+11 6.77E+11 1.62E+13 1.63E+12 

3.037 1.36E+11 5.96E+11 1.68E+13 1.54E+12 

3.020 1.27E+11 6.86E+11 1.23E+13 1.63E+12 

3.009 1.29E+11 5.70E+11 4.13E+13 1.52E+12 

3.002 1.26E+11 6.05E+11 1.03E+13 1.60E+12 

3.000 1.33E+11 5.74E+11 1.64E+13 1.57E+12 

3.002 1.31E+11 7.05E+11 1.05E+13 1.51E+12 

3.009 1.47E+11 9.99E+11 1.69E+13 1.56E+12 

3.020 1.12E+11 5.85E+11 1.19E+13 1.66E+12 

3.037 1.33E+11 5.47E+11 1.03E+13 1.65E+12 

4.028 7.00E+10 3.92E+11 1.26E+13 1.42E+12 

4.015 6.72E+10 2.96E+11 1.07E+13 1.52E+12 

4.007 7.75E+10 3.77E+11 1.21E+13 1.33E+12 

4.002 6.96E+10 2.42E+11 1.24E+13 1.43E+12 

4.000 7.13E+10 3.62E+11 9.11E+12 1.53E+12 

4.002 8.74E+10 3.41E+11 1.30E+13 1.53E+12 

4.007 8.76E+10 3.19E+11 1.13E+13 1.43E+12 

4.015 6.55E+10 3.45E+11 9.22E+12 1.55E+12 

4.028 7.26E+10 2.43E+11 8.84E+12 1.46E+12 

8.014 1.67E+10 7.97E+10 3.18E+12 3.39E+11 

8.008 1.89E+10 1.40E+11 3.06E+12 3.60E+11 

8.003 1.16E+10 1.18E+11 3.24E+12 3.48E+11 

8.001 1.90E+10 8.32E+10 3.62E+12 3.33E+11 

8.000 1.92E+10 5.48E+10 2.66E+12 3.24E+11 

8.001 1.25E+10 1.62E+11 2.48E+12 3.44E+11 

     



Table B7. continued Approximate Neutron Energy Range 

Effective Distance (m) > 3 MeV 1 - 3 MeV 1 eV - 1 MeV Thermal 

8.003 1.03E+10 1.68E+11 3.01E+12 3.63E+11 

8.008 1.33E+10 6.55E+10 3.21E+12 3.27E+11 

8.014 1.71E+10 2.25E+10 2.04E+12 3.76E+11 

8.014 0.00E+00 0.00E+00 3.50E+11 1.62E+11 

8.008 6.36E+09 3.52E+10 1.05E+12 1.56E+11 

8.003 0.00E+00 3.83E+10 3.10E+13 1.92E+11 

8.001 8.58E+09 3.50E+10 3.14E+11 1.93E+11 

8.000 2.12E+09 4.17E+10 1.38E+13 1.80E+11 

8.001 7.90E+09 3.28E+10 5.70E+11 1.79E+11 

8.003 0.00E+00 2.48E+10 1.37E+12 1.58E+11 

8.008 0.00E+00 4.77E+09 7.72E+11 1.93E+11 

8.014 0.00E+00 2.16E+10 1.51E+12 1.67E+11 

2.054 2.80E+11 1.37E+12 1.94E+13 1.69E+12 

2.030 2.80E+11 1.32E+12 2.15E+13 1.68E+12 

2.013 2.82E+11 1.24E+12 1.88E+13 1.64E+12 

2.004 3.04E+11 1.43E+12 2.05E+13 1.77E+12 

2.000 2.95E+11 1.52E+12 2.30E+13 1.77E+12 

2.004 3.00E+11 1.50E+12 2.33E+13 1.82E+12 

2.013 2.91E+11 1.32E+12 2.05E+13 1.72E+12 

2.030 2.51E+11 1.34E+12 2.38E+13 1.74E+12 

2.054 2.44E+11 1.10E+12 2.02E+13 1.77E+12 

3.037 1.32E+11 7.35E+11 1.58E+13 1.69E+12 

3.020 1.21E+11 7.29E+11 1.60E+13 1.95E+12 

3.009 1.19E+11 6.40E+11 1.61E+13 1.83E+12 

3.002 1.19E+11 5.72E+11 1.55E+13 1.81E+12 

3.000 1.18E+11 6.16E+11 1.75E+13 1.86E+12 

3.002 1.42E+11 5.17E+11 1.63E+13 1.84E+12 

3.009 1.28E+11 5.41E+11 1.57E+13 1.85E+12 

3.020 1.23E+11 5.78E+11 1.63E+13 1.96E+12 

3.037 1.14E+11 5.27E+11 1.52E+13 1.80E+12 

4.015 7.82E+10 2.50E+11 1.00E+13 1.60E+12 

4.000 7.55E+10 4.59E+11 1.11E+13 1.52E+12 

4.015 7.58E+10 3.36E+11 1.25E+13 1.69E+12 

8.014 1.61E+10 1.14E+11 1.59E+12 2.98E+11 

8.008 2.08E+10 9.73E+10 2.20E+12 3.17E+11 

8.003 1.62E+10 1.21E+11 1.75E+12 2.94E+11 

8.001 2.00E+10 1.09E+11 2.71E+12 3.72E+11 

8.000 1.30E+10 1.16E+11 2.65E+12 3.17E+11 

8.001 1.39E+10 1.23E+11 3.02E+12 3.31E+11 

8.003 1.68E+10 9.91E+10 2.48E+12 3.18E+11 

8.008 1.89E+10 1.04E+11 2.36E+12 3.21E+11 



Table B7. continued Approximate Neutron Energy Range 

Effective Distance (m) > 3 MeV 1 - 3 MeV 1 eV - 1 MeV Thermal 

8.014 1.66E+10 7.22E+10 0.00E+00 3.49E+11 

8.014 0.00E+00 4.86E+10 4.19E+11 1.70E+11 

8.008 0.00E+00 3.51E+10 6.94E+11 1.91E+11 

8.003 0.00E+00 2.46E+10 3.26E+11 1.68E+11 

8.001 0.00E+00 1.65E+10 6.10E+11 2.03E+11 

8.000 0.00E+00 6.71E+09 8.87E+11 1.77E+11 

8.001 1.51E+09 3.22E+10 1.31E+12 1.89E+11 

8.003 9.53E+09 7.86E+10 1.06E+12 1.97E+11 

8.008 2.34E+08 2.41E+09 3.90E+11 1.68E+11 

8.014 2.00E+09 7.30E+10 2.57E+12 2.08E+11 

 

  



Table B8. Tissue kerma per unit charge as a function of distance from the Flattop reactor core using PNADs (see 

Fig. 12). 

Effective Distance (m) Approximate Neutron Energy Range 

 > 3 MeV 1 - 3 MeV 1 eV - 1 MeV Thermal 

2.054 12.86 36.55 186.55 1.12 

2.030 13.21 35.17 163.45 1.11 

2.013 13.93 43.10 168.97 1.01 

2.004 14.28 40.00 164.83 1.05 

2.000 14.38 37.24 151.03 1.13 

2.004 13.93 34.83 136.21 1.15 

2.013 13.83 41.38 126.90 1.23 

2.030 12.24 39.31 146.21 1.02 

3.037 6.83 20.62 108.97 1.07 

3.020 6.14 18.83 97.24 1.14 

3.009 6.79 21.38 107.93 1.16 

3.002 6.76 20.41 118.97 1.12 

3.000 6.62 19.03 120.69 1.09 

3.002 7.00 16.55 107.59 1.16 

3.009 6.72 19.62 115.52 1.09 

3.020 6.03 21.07 92.41 1.15 

3.037 6.38 17.55 89.31 1.18 

4.028 3.16 10.62 95.17 1.02 

4.015 2.96 11.45 85.17 1.03 

4.007 4.07 13.03 81.38 1.13 

4.002 3.52 15.34 100.00 1.01 

4.000 4.21 12.69 86.90 1.03 

4.002 3.97 12.00 83.10 1.08 

4.007 3.62 12.28 77.93 0.97 

4.015 2.87 14.14 81.38 0.96 

4.028 3.48 12.69 77.24 1.04 

8.014 0.69 3.59 13.79 0.20 

8.008 0.91 3.10 13.62 0.23 

8.003 0.96 5.93 17.10 0.23 

8.001 0.64 2.71 19.59 0.22 

8.000 1.14 2.84 18.24 0.22 

8.001 0.72 4.72 20.62 0.25 

8.003 0.70 3.79 19.21 0.23 

8.008 1.07 5.69 9.59 0.22 

8.014 0.86 4.03 16.62 0.23 

8.014 0.69 0.32 5.17 0.11 

8.008 0.14 0.34 3.22 0.12 

8.003 0.25 0.98 6.83 0.12 



Table B8. continued Approximate Neutron Energy Range 

Effective Distance (m) > 3 MeV 1 - 3 MeV 1 eV - 1 MeV Thermal 

8.001 0.05 2.14 1.52 0.10 

8.000 0.09 1.22 6.76 0.13 

8.001 0.11 1.64 9.00 0.12 

8.003 0.12 20.07 6.66 0.12 

8.008 0.04 0.53 9.14 0.12 

8.014 0.23 0.27 4.48 0.13 

8.000 1.01 3.89 NM NM 

2.054 13.50 37.30 136.50 1.14 

2.030 13.35 41.60 138.00 1.06 

2.013 13.10 41.30 140.50 1.17 

2.004 13.55 39.30 168.50 1.30 

2.000 14.50 44.25 163.00 1.15 

2.004 13.80 39.90 131.00 1.17 

2.013 13.90 43.60 118.50 1.03 

2.030 13.80 37.60 160.00 1.09 

3.037 7.20 19.70 136.00 1.08 

3.020 6.70 22.65 99.50 1.14 

3.002 6.70 19.95 83.50 1.13 

3.000 7.05 18.95 133.00 1.10 

3.002 6.95 23.25 85.50 1.06 

3.009 7.80 33.00 137.00 1.10 

3.020 5.95 19.30 96.00 1.17 

3.037 7.05 18.05 83.50 1.15 

4.028 3.71 12.95 102.50 1.00 

4.015 3.56 9.75 87.00 1.07 

4.007 4.11 12.45 98.00 0.94 

4.002 3.69 8.00 100.00 1.00 

4.000 3.78 11.95 74.00 1.07 

4.002 4.64 11.25 105.00 1.07 

4.007 4.64 10.50 91.00 1.00 

4.015 3.48 11.35 74.50 1.09 

4.028 3.85 8.00 71.50 1.02 

8.014 0.89 2.63 25.80 0.24 

8.008 1.01 4.61 24.80 0.25 

8.003 0.62 3.90 26.25 0.24 

8.001 1.01 2.75 29.30 0.23 

8.000 1.02 1.81 21.50 0.23 

8.001 0.67 5.35 20.10 0.24 

8.003 0.55 5.55 24.40 0.25 

8.008 0.71 2.16 25.95 0.23 

8.014 0.91 0.74 16.55 0.26 



Table B8. continued Approximate Neutron Energy Range 

Effective Distance (m) > 3 MeV 1 - 3 MeV 1 eV - 1 MeV Thermal 

8.008 0.34 1.16 8.50 0.11 

8.001 0.46 1.16 2.55 0.14 

8.000 0.11 1.38 112.00 0.13 

8.001 0.42 1.09 4.62 0.13 

2.054 14.83 45.12 157.07 1.19 

2.030 14.83 43.46 174.63 1.18 

2.013 14.98 41.07 152.20 1.15 

2.004 16.10 47.22 166.34 1.24 

2.000 15.61 50.24 186.34 1.24 

2.004 15.85 49.27 188.78 1.27 

2.013 15.41 43.51 166.34 1.20 

2.030 13.32 44.05 192.68 1.22 

2.054 12.93 36.34 163.90 1.24 

3.037 6.98 24.24 127.80 1.18 

3.020 6.39 24.05 129.76 1.37 

3.009 6.29 21.12 130.73 1.28 

3.002 6.29 18.88 125.37 1.27 

3.000 6.24 20.34 141.95 1.30 

3.002 7.51 17.07 132.20 1.29 

3.009 6.78 17.85 127.32 1.29 

3.020 6.54 19.07 131.71 1.38 

3.037 6.05 17.41 123.41 1.26 

4.015 4.15 8.24 80.98 1.12 

4.000 4.00 15.12 90.24 1.06 

4.015 4.01 11.12 100.98 1.19 

8.014 0.85 3.77 12.93 0.21 

8.008 1.10 3.21 17.80 0.22 

8.003 0.86 4.00 14.20 0.21 

8.001 1.06 3.59 21.95 0.26 

8.000 0.69 3.82 21.46 0.22 

8.001 0.74 4.04 24.49 0.23 

8.003 0.89 3.27 20.05 0.22 

8.008 1.00 3.42 19.17 0.22 

8.001 0.08 1.06 10.63 0.13 

8.003 0.51 2.60 8.59 0.14 

8.008 0.01 0.08 3.16 0.12 

8.014 0.11 2.41 20.83 0.15 

 

  



Table B9. Measured tissue gamma dose as a function of distance for three characterization 

measurements FT13, FT11, and FT9 using CaF2(Mn) dosimeters (see Fig. 23). 

Effective Distance (m) Gamma Tissue Dose (Gy) 

 Pulse 9 Pulse 11 Pulse 13 

2.054483 8.03E-01 7.82E-01 1.12E+00 

2.054483 8.31E-01 7.03E-01 1.02E+00 

2.054483 7.74E-01 7.52E-01 1.12E+00 

2.054483 7.87E-01 7.94E-01 1.11E+00 

2.054483 7.96E-01 7.46E-01 1.06E+00 

2.054483 8.11E-01 7.56E-01 1.08E+00 

2.054483 8.01E-01 6.30E-01 1.00E+00 

2.054483 8.35E-01 7.58E-01 1.09E+00 

2.054483 8.46E-01 7.64E-01 1.27E+00 

2.054483 8.32E-01 8.09E-01 1.09E+00 

2.054483 7.41E-01 7.48E-01 1.07E+00 

2.054483 8.36E-01 7.71E-01 1.04E+00 

2.054483 8.08E-01 7.62E-01 1.08E+00 

2.054483 8.28E-01 7.68E-01 1.07E+00 

2.054483 7.90E-01 7.80E-01 1.09E+00 

2.003597 8.09E-01 7.67E-01 1.07E+00 

2.003597 8.12E-01 8.55E-01 1.01E+00 

2.003597 8.27E-01 7.43E-01 1.16E+00 

2.003597 7.74E-01 7.48E-01 1.08E+00 

2.003597 8.47E-01 7.80E-01 1.04E+00 

2.003597 9.01E-01 7.40E-01 1.07E+00 

2.003597 8.63E-01 7.92E-01 1.16E+00 

2.003597 8.19E-01 7.51E-01 1.11E+00 

2.003597 8.39E-01 8.37E-01 1.14E+00 

2.003597 8.07E-01 7.71E-01 1.12E+00 

2.003597 8.05E-01 7.43E-01 1.10E+00 

2.003597 8.12E-01 7.55E-01 1.14E+00 

2.003597 7.76E-01 7.38E-01 1.14E+00 

2.003597 8.12E-01 7.36E-01 1.23E+00 

2.003597 8.46E-01 7.53E-01 1.07E+00 

2.013182 7.69E-01 7.74E-01 1.08E+00 

2.013182 8.75E-01 7.24E-01 1.03E+00 

2.013182 7.77E-01 7.54E-01 1.04E+00 

2.013182 8.01E-01 7.57E-01 1.05E+00 

2.013182 8.20E-01 7.00E-01 1.10E+00 

2.013182 8.06E-01 7.67E-01 1.08E+00 

2.013182 8.11E-01 7.26E-01 1.07E+00 

2.013182 8.15E-01 8.18E-01 1.09E+00 



Table B9. continued Gamma Tissue Dose (Gy) 

Effective Distance (m) Pulse 9 Pulse 11 Pulse 13 

2.013182 8.37E-01 7.22E-01 1.05E+00 

2.013182 8.06E-01 7.03E-01 1.06E+00 

2.013182 7.84E-01 7.35E-01 9.64E-01 

2.013182 8.13E-01 7.15E-01 1.05E+00 

2.013182 8.03E-01 7.16E-01 1.06E+00 

2.013182 8.23E-01 6.60E-01 1.10E+00 

2.013182 7.63E-01 7.45E-01 1.07E+00 

3.036593 7.04E-01 6.46E-01 9.21E-01 

3.036593 7.69E-01 6.43E-01 9.42E-01 

3.036593 7.48E-01 6.65E-01 9.42E-01 

3.036593 7.38E-01 5.94E-01 9.85E-01 

3.036593 7.33E-01 6.37E-01 9.03E-01 

3.036593 8.09E-01 6.32E-01 9.39E-01 

3.036593 7.66E-01 6.64E-01 9.22E-01 

3.036593 7.88E-01 6.72E-01 9.14E-01 

3.036593 7.90E-01 6.35E-01 9.29E-01 

3.036593 6.95E-01 6.78E-01 9.36E-01 

3.036593 8.19E-01 6.30E-01 8.73E-01 

3.036593 7.63E-01 6.48E-01 1.01E+00 

3.036593 7.32E-01 5.91E-01 9.76E-01 

3.036593 8.13E-01 6.57E-01 9.41E-01 

3.036593 7.94E-01 6.25E-01 9.57E-01 

3.002399 7.42E-01 6.18E-01 9.19E-01 

3.002399 7.40E-01 6.93E-01 9.71E-01 

3.002399 6.58E-01 6.80E-01 9.11E-01 

3.002399 7.66E-01 6.88E-01 1.03E+00 

3.002399 7.54E-01 5.97E-01 9.28E-01 

3.002399 7.86E-01 6.95E-01 9.45E-01 

3.002399 7.20E-01 6.41E-01 9.24E-01 

3.002399 7.53E-01 6.50E-01 9.20E-01 

3.002399 7.63E-01 6.39E-01 9.76E-01 

3.002399 7.18E-01 6.56E-01 9.87E-01 

3.002399 7.46E-01 6.11E-01 8.96E-01 

3.002399 7.61E-01 6.42E-01 9.71E-01 

3.002399 8.51E-01 6.53E-01 9.94E-01 

3.002399 7.79E-01 6.41E-01 9.84E-01 

3.002399 7.60E-01 6.42E-01 1.03E+00 

3.008804 7.14E-01 6.08E-01 9.09E-01 

3.008804 7.32E-01 6.13E-01 9.76E-01 

3.008804 7.85E-01 6.59E-01 8.96E-01 

3.008804 8.62E-01 6.34E-01 9.04E-01 



Table B9. continued Gamma Tissue Dose (Gy) 

Effective Distance (m) Pulse 9 Pulse 11 Pulse 13 

3.008804 7.10E-01 6.25E-01 8.98E-01 

3.008804 7.34E-01 6.40E-01 8.39E-01 

3.008804 7.15E-01 6.39E-01 9.67E-01 

3.008804 7.26E-01 6.45E-01 9.77E-01 

3.008804 7.34E-01 6.53E-01 8.86E-01 

3.008804 7.47E-01 5.78E-01 9.39E-01 

3.008804 7.55E-01 6.53E-01 9.69E-01 

3.008804 8.13E-01 7.04E-01 8.96E-01 

3.008804 7.62E-01 6.13E-01 8.63E-01 

3.008804 7.09E-01 6.20E-01 9.89E-01 

3.008804 7.24E-01 6.46E-01 9.05E-01 

4.027518 6.14E-01 5.67E-01 8.46E-01 

4.027518 6.44E-01 5.42E-01 9.23E-01 

4.027518 6.50E-01 5.08E-01 9.56E-01 

4.027518 6.30E-01 5.59E-01 9.40E-01 

4.027518 6.37E-01 5.07E-01 9.09E-01 

4.027518 6.50E-01 5.58E-01 8.08E-01 

4.027518 6.43E-01 5.65E-01 8.35E-01 

4.027518 6.04E-01 5.83E-01 8.05E-01 

4.027518 6.33E-01 5.36E-01 8.48E-01 

4.027518 6.29E-01 5.80E-01 7.21E-01 

4.027518 6.44E-01 5.75E-01 8.43E-01 

4.027518 6.61E-01 5.82E-01 8.42E-01 

4.027518 6.07E-01 5.93E-01 7.51E-01 

4.027518 6.92E-01 5.65E-01 8.33E-01 

4.027518 6.50E-01 5.47E-01 8.52E-01 

4.0018 6.01E-01 6.17E-01 8.46E-01 

4.0018 7.17E-01 5.81E-01 8.39E-01 

4.0018 6.31E-01 5.52E-01 8.42E-01 

4.0018 6.23E-01 5.68E-01 8.06E-01 

4.0018 6.30E-01 6.00E-01 8.56E-01 

4.0018 6.32E-01 5.70E-01 8.77E-01 

4.0018 6.33E-01 5.85E-01 8.57E-01 

4.0018 5.69E-01 5.45E-01 8.21E-01 

4.0018 6.13E-01 5.52E-01 8.37E-01 

4.0018 6.33E-01 5.92E-01 8.98E-01 

4.0018 6.57E-01 4.94E-01 8.04E-01 

4.0018 6.50E-01 5.60E-01 8.63E-01 

4.0018 6.76E-01 4.65E-01 8.55E-01 

4.0018 6.57E-01 5.82E-01 8.42E-01 

4.0018 6.37E-01 5.70E-01 9.39E-01 



Table B9. continued Gamma Tissue Dose (Gy) 

Effective Distance (m) Pulse 9 Pulse 11 Pulse 13 

4.006607 6.35E-01 5.51E-01 8.14E-01 

4.006607 5.80E-01 5.65E-01 7.76E-01 

4.006607 5.63E-01 5.70E-01 8.38E-01 

4.006607 6.07E-01 5.61E-01 8.68E-01 

4.006607 6.31E-01 5.74E-01 7.96E-01 

4.006607 6.24E-01 6.02E-01 8.64E-01 

4.006607 6.25E-01 5.67E-01 8.31E-01 

4.006607 5.74E-01 5.63E-01 8.59E-01 

4.006607 5.98E-01 5.61E-01 8.19E-01 

4.006607 6.70E-01 6.15E-01 7.89E-01 

4.006607 6.55E-01 6.51E-01 8.38E-01 

4.006607 5.96E-01 5.49E-01 8.28E-01 

4.006607 5.90E-01 5.66E-01 8.20E-01 

4.006607 6.98E-01 5.46E-01 8.23E-01 

4.006607 6.30E-01 5.24E-01 8.51E-01 

8.013794 1.35E-01 1.36E-01 1.94E-01 

8.013794 1.38E-01 1.37E-01 2.00E-01 

8.013794 1.38E-01 1.36E-01 1.89E-01 

8.013794 1.36E-01 1.33E-01 2.26E-01 

8.013794 1.40E-01 1.43E-01 1.99E-01 

8.013794 1.42E-01 1.40E-01 1.88E-01 

8.013794 1.35E-01 1.32E-01 1.89E-01 

8.013794 1.30E-01 1.32E-01 1.77E-01 

8.013794 1.38E-01 1.33E-01 1.87E-01 

8.013794 1.40E-01 1.32E-01 1.90E-01 

8.013794 1.22E-01 1.28E-01 1.93E-01 

8.013794 1.43E-01 1.25E-01 1.81E-01 

8.013794 1.28E-01 1.28E-01 1.95E-01 

8.013794 1.09E-01 1.34E-01 1.85E-01 

8.013794 1.30E-01 1.29E-01 1.82E-01 

8.0009 1.34E-01 1.25E-01 1.98E-01 

8.0009 1.42E-01 1.32E-01 1.90E-01 

8.0009 1.34E-01 1.29E-01 1.85E-01 

8.0009 1.28E-01 1.36E-01 2.12E-01 

8.0009 1.25E-01 1.29E-01 1.91E-01 

8.0009 1.40E-01 1.43E-01 1.71E-01 

8.0009 1.41E-01 1.33E-01 2.06E-01 

8.0009 1.38E-01 1.35E-01 1.93E-01 

8.0009 1.42E-01 1.39E-01 1.85E-01 

8.0009 1.33E-01 1.34E-01 1.93E-01 

8.0009 1.27E-01 1.29E-01 1.91E-01 



Table B9. continued Gamma Tissue Dose (Gy) 

Effective Distance (m) Pulse 9 Pulse 11 Pulse 13 

8.0009 1.30E-01 1.28E-01 1.88E-01 

8.0009 1.39E-01 1.22E-01 1.73E-01 

8.0009 1.37E-01 1.42E-01 1.92E-01 

8.0009 1.30E-01 1.23E-01 1.91E-01 

8.003306 1.28E-01 1.42E-01 1.96E-01 

8.003306 1.28E-01 1.32E-01 1.91E-01 

8.003306 1.52E-01 1.35E-01 1.91E-01 

8.003306 1.23E-01 1.30E-01 1.84E-01 

8.003306 1.35E-01 1.34E-01 1.88E-01 

8.003306 1.34E-01 1.33E-01 1.90E-01 

8.003306 1.35E-01 1.33E-01 1.86E-01 

8.003306 1.34E-01 1.34E-01 1.86E-01 

8.003306 1.48E-01 1.21E-01 1.87E-01 

8.003306 1.43E-01 1.29E-01 1.82E-01 

8.003306 1.28E-01 1.31E-01 1.85E-01 

8.003306 1.22E-01 1.27E-01 1.83E-01 

8.003306 1.08E-01 1.28E-01 1.77E-01 

8.003306 1.26E-01 1.26E-01 1.84E-01 

8.003306 1.47E-01 1.33E-01 1.83E-01 

 

  



Table B10.  Gamma tissue dose per unit charge as a function of distance using CaF2(Mn) dosimeters 

(see Fig. 24). 

Effective Distance (m) Gamma Tissue Dose (Gy) 

 Pulse 9 Pulse 11 Pulse 13 

2.054483 3.92E+01 3.91E+01 3.87E+01 
2.054483 4.05E+01 3.51E+01 3.53E+01 
2.054483 3.78E+01 3.76E+01 3.87E+01 
2.054483 3.84E+01 3.97E+01 3.84E+01 
2.054483 3.88E+01 3.73E+01 3.64E+01 
2.054483 3.95E+01 3.78E+01 3.71E+01 
2.054483 3.91E+01 3.15E+01 3.45E+01 
2.054483 4.07E+01 3.79E+01 3.74E+01 
2.054483 4.13E+01 3.82E+01 4.38E+01 
2.054483 4.06E+01 4.05E+01 3.75E+01 
2.054483 3.61E+01 3.74E+01 3.71E+01 
2.054483 4.08E+01 3.86E+01 3.59E+01 
2.054483 3.94E+01 3.81E+01 3.74E+01 
2.054483 4.04E+01 3.84E+01 3.70E+01 
2.054483 3.85E+01 3.90E+01 3.77E+01 
2.003597 3.95E+01 3.84E+01 3.68E+01 
2.003597 3.96E+01 4.27E+01 3.47E+01 
2.003597 4.03E+01 3.72E+01 3.99E+01 
2.003597 3.78E+01 3.74E+01 3.72E+01 
2.003597 

4.13E+01 3.90E+01 3.60E+01 
2.003597 4.39E+01 3.70E+01 3.70E+01 
2.003597 4.21E+01 3.96E+01 3.99E+01 
2.003597 3.99E+01 3.75E+01 3.84E+01 
2.003597 4.09E+01 4.19E+01 3.92E+01 
2.003597 3.93E+01 3.86E+01 3.86E+01 
2.003597 3.93E+01 3.72E+01 3.79E+01 
2.003597 3.96E+01 3.78E+01 3.94E+01 
2.003597 3.78E+01 3.69E+01 3.93E+01 
2.003597 3.96E+01 3.68E+01 4.23E+01 
2.003597 4.13E+01 3.76E+01 3.71E+01 
2.013182 3.75E+01 3.87E+01 3.73E+01 
2.013182 4.27E+01 3.62E+01 3.56E+01 
2.013182 3.79E+01 3.77E+01 3.57E+01 
2.013182 3.91E+01 3.79E+01 3.61E+01 
2.013182 4.00E+01 3.50E+01 3.79E+01 
2.013182 3.93E+01 3.83E+01 3.71E+01 
2.013182 3.95E+01 3.63E+01 3.70E+01 
2.013182 3.98E+01 4.09E+01 3.77E+01 



Table B10. continued Gamma Tissue Dose (Gy) 

Effective Distance (m) Pulse 9 Pulse 11 Pulse 13 

2.013182 4.08E+01 3.61E+01 3.63E+01 
2.013182 3.93E+01 3.52E+01 3.67E+01 
2.013182 3.82E+01 3.67E+01 3.33E+01 
2.013182 3.97E+01 3.57E+01 3.63E+01 
2.013182 3.92E+01 3.58E+01 3.65E+01 
2.013182 4.01E+01 3.30E+01 3.78E+01 
2.013182 3.72E+01 3.72E+01 3.70E+01 
3.036593 3.43E+01 3.23E+01 3.18E+01 
3.036593 3.75E+01 3.22E+01 3.25E+01 
3.036593 3.65E+01 3.33E+01 3.25E+01 
3.036593 3.60E+01 2.97E+01 3.40E+01 
3.036593 3.57E+01 3.18E+01 3.11E+01 
3.036593 3.95E+01 3.16E+01 3.24E+01 
3.036593 3.74E+01 3.32E+01 3.18E+01 
3.036593 3.84E+01 3.36E+01 3.15E+01 
3.036593 3.85E+01 3.18E+01 3.20E+01 
3.036593 3.39E+01 3.39E+01 3.23E+01 
3.036593 4.00E+01 3.15E+01 3.01E+01 
3.036593 3.72E+01 3.24E+01 3.47E+01 
3.036593 3.57E+01 2.96E+01 3.37E+01 
3.036593 3.97E+01 3.28E+01 3.25E+01 
3.036593 3.87E+01 3.13E+01 3.30E+01 
3.002399 3.62E+01 3.09E+01 3.17E+01 
3.002399 3.61E+01 3.47E+01 3.35E+01 
3.002399 3.21E+01 3.40E+01 3.14E+01 
3.002399 3.74E+01 3.44E+01 3.55E+01 
3.002399 

3.68E+01 2.98E+01 3.20E+01 
3.002399 3.83E+01 3.47E+01 3.26E+01 
3.002399 3.51E+01 3.20E+01 3.19E+01 
3.002399 3.67E+01 3.25E+01 3.17E+01 
3.002399 3.72E+01 3.19E+01 3.36E+01 
3.002399 3.50E+01 3.28E+01 3.40E+01 
3.002399 3.64E+01 3.05E+01 3.09E+01 
3.002399 3.71E+01 3.21E+01 3.35E+01 
3.002399 4.15E+01 3.27E+01 3.43E+01 
3.002399 3.80E+01 3.20E+01 3.39E+01 
3.002399 3.71E+01 3.21E+01 3.57E+01 
3.008804 3.48E+01 3.04E+01 3.14E+01 
3.008804 3.57E+01 3.07E+01 3.36E+01 
3.008804 3.83E+01 3.29E+01 3.09E+01 
3.008804 4.20E+01 3.17E+01 3.12E+01 



Table B10. continued Gamma Tissue Dose (Gy) 

Effective Distance (m) Pulse 9 Pulse 11 Pulse 13 

3.008804 3.46E+01 3.12E+01 3.10E+01 
3.008804 3.58E+01 3.20E+01 2.89E+01 
3.008804 3.49E+01 3.20E+01 3.33E+01 
3.008804 3.54E+01 3.23E+01 3.37E+01 
3.008804 3.58E+01 3.26E+01 3.05E+01 
3.008804 3.64E+01 2.89E+01 3.24E+01 
3.008804 3.68E+01 3.26E+01 3.34E+01 
3.008804 3.97E+01 3.52E+01 3.09E+01 
3.008804 3.72E+01 3.07E+01 2.97E+01 
3.008804 3.46E+01 3.10E+01 3.41E+01 
3.008804 3.53E+01 3.23E+01 3.12E+01 
4.027518 2.99E+01 2.83E+01 2.92E+01 
4.027518 3.14E+01 2.71E+01 3.18E+01 
4.027518 3.17E+01 2.54E+01 3.30E+01 
4.027518 3.07E+01 2.79E+01 3.24E+01 
4.027518 3.11E+01 2.53E+01 3.13E+01 
4.027518 3.17E+01 2.79E+01 2.79E+01 
4.027518 3.14E+01 2.83E+01 2.88E+01 
4.027518 2.95E+01 2.92E+01 2.78E+01 
4.027518 3.09E+01 2.68E+01 2.93E+01 
4.027518 3.07E+01 2.90E+01 2.48E+01 
4.027518 3.14E+01 2.88E+01 2.91E+01 
4.027518 3.22E+01 2.91E+01 2.90E+01 
4.027518 2.96E+01 2.96E+01 2.59E+01 
4.027518 3.38E+01 2.82E+01 2.87E+01 
4.027518 3.17E+01 2.74E+01 2.94E+01 

4.0018 2.93E+01 3.09E+01 2.92E+01 
4.0018 3.50E+01 2.91E+01 2.89E+01 
4.0018 3.08E+01 2.76E+01 2.90E+01 
4.0018 3.04E+01 2.84E+01 2.78E+01 
4.0018 

3.07E+01 3.00E+01 2.95E+01 
4.0018 3.08E+01 2.85E+01 3.02E+01 
4.0018 3.09E+01 2.92E+01 2.96E+01 
4.0018 2.78E+01 2.72E+01 2.83E+01 
4.0018 2.99E+01 2.76E+01 2.89E+01 
4.0018 3.09E+01 2.96E+01 3.10E+01 
4.0018 3.21E+01 2.47E+01 2.77E+01 
4.0018 3.17E+01 2.80E+01 2.98E+01 
4.0018 3.30E+01 2.33E+01 2.95E+01 
4.0018 3.21E+01 2.91E+01 2.90E+01 
4.0018 3.11E+01 2.85E+01 3.24E+01 



Table B10. continued Gamma Tissue Dose (Gy) 

Effective Distance (m) Pulse 9 Pulse 11 Pulse 13 

4.006607 3.10E+01 2.75E+01 2.81E+01 
4.006607 2.83E+01 2.82E+01 2.67E+01 
4.006607 2.75E+01 2.85E+01 2.89E+01 
4.006607 2.96E+01 2.80E+01 2.99E+01 
4.006607 3.08E+01 2.87E+01 2.74E+01 
4.006607 3.04E+01 3.01E+01 2.98E+01 
4.006607 3.05E+01 2.83E+01 2.86E+01 
4.006607 2.80E+01 2.82E+01 2.96E+01 
4.006607 2.92E+01 2.80E+01 2.83E+01 
4.006607 3.27E+01 3.08E+01 2.72E+01 
4.006607 3.19E+01 3.25E+01 2.89E+01 
4.006607 2.91E+01 2.74E+01 2.86E+01 
4.006607 2.88E+01 2.83E+01 2.83E+01 
4.006607 3.41E+01 2.73E+01 2.84E+01 
4.006607 3.07E+01 2.62E+01 2.93E+01 
8.013794 6.57E+00 6.79E+00 6.68E+00 
8.013794 6.74E+00 6.86E+00 6.88E+00 
8.013794 6.72E+00 6.78E+00 6.53E+00 
8.013794 6.62E+00 6.64E+00 7.78E+00 
8.013794 6.81E+00 7.16E+00 6.85E+00 
8.013794 6.90E+00 7.01E+00 6.47E+00 
8.013794 6.59E+00 6.59E+00 6.52E+00 
8.013794 6.35E+00 6.58E+00 6.11E+00 
8.013794 6.71E+00 6.63E+00 6.46E+00 
8.013794 6.85E+00 6.62E+00 6.57E+00 
8.013794 5.96E+00 6.38E+00 6.65E+00 
8.013794 6.98E+00 6.24E+00 6.23E+00 
8.013794 6.25E+00 6.41E+00 6.73E+00 
8.013794 5.31E+00 6.72E+00 6.39E+00 
8.013794 6.34E+00 6.45E+00 6.29E+00 

8.0009 6.52E+00 6.25E+00 6.82E+00 
8.0009 6.92E+00 6.58E+00 6.55E+00 
8.0009 6.53E+00 6.46E+00 6.37E+00 
8.0009 6.24E+00 6.82E+00 7.33E+00 
8.0009 

6.08E+00 6.45E+00 6.59E+00 
8.0009 6.85E+00 7.17E+00 5.90E+00 
8.0009 6.89E+00 6.64E+00 7.12E+00 
8.0009 6.71E+00 6.73E+00 6.65E+00 
8.0009 6.90E+00 6.94E+00 6.39E+00 
8.0009 6.48E+00 6.72E+00 6.65E+00 
8.0009 6.21E+00 6.46E+00 6.59E+00 



Table B10. continued Gamma Tissue Dose (Gy) 

Effective Distance (m) Pulse 9 Pulse 11 Pulse 13 

8.0009 6.33E+00 6.41E+00 6.49E+00 
8.0009 6.76E+00 6.11E+00 5.97E+00 
8.0009 6.67E+00 7.09E+00 6.60E+00 
8.0009 6.35E+00 6.14E+00 6.59E+00 

8.003306 6.22E+00 7.10E+00 6.74E+00 
8.003306 6.23E+00 6.59E+00 6.58E+00 
8.003306 7.43E+00 6.73E+00 6.58E+00 
8.003306 6.00E+00 6.51E+00 6.36E+00 
8.003306 6.60E+00 6.70E+00 6.47E+00 
8.003306 6.54E+00 6.67E+00 6.56E+00 
8.003306 6.59E+00 6.67E+00 6.40E+00 
8.003306 6.54E+00 6.70E+00 6.40E+00 
8.003306 7.22E+00 6.07E+00 6.46E+00 
8.003306 6.96E+00 6.47E+00 6.28E+00 
8.003306 6.23E+00 6.57E+00 6.37E+00 
8.003306 5.97E+00 6.34E+00 6.31E+00 
8.003306 5.24E+00 6.40E+00 6.12E+00 
8.003306 6.16E+00 6.32E+00 6.34E+00 
8.003306 7.15E+00 6.67E+00 6.33E+00 

 

  



 

Table B11. Personal Ion Chamber gamma dose measurements of the Flattop reactor. 

 

Pulse 
ID 

Current 
(A-s) 

PIC Set 
ID 

Distance 
(m) 

Gamma Dose (rad) Comment 

    
0-600R PIC 0-200R PIC 0-100R PIC 0-20R PIC 

 

9 0.0205 LLNL6 2 222 185 OS OS Top Right of Plate   
LLNL12 2 195 175 OS OS Bottom Right of Plate   
LLNL7 3 150 138 OS OS Top Right of Plate   

LLNL11 3 120 130 OS OS Bottom Right of Plate   
LLNL8 4 110 100 OS OS Top Right of Plate   
LLNL9 8 (Pos 10) 20 25 25 OS Top Right of Plate   

LLNL10 8 (Pos 11) TL 10 8 8.6 Top Right of Plate 

11 0.02 LLNL1 2 200 200 OS OS Top Right of Plate   
LLNL2 3 120 132 OS OS Top Right of Plate   
LLNL3 4 100 105 OS OS Top Right of Plate   
LLNL4 8 (Pos 10) 20 23 25 20 Top Right of Plate   
LLNL5 8 (Pos 11) TL 8 9 8 Top Right of Plate 

13 0.029 SNL1 2 255 OS OS OS Lower Right Top Plate   
SNL2 3 170 170 OS OS Lower Right Top Plate   
SNL3 4 125 140 OS OS Lower Right Top Plate   
SNL4 8 (Pos 10) 25 32 35 OS Lower Right Top Plate   
SNL5 8 (Pos 11) 10 16 15 13 Lower Right Top Plate 

 

OS = Off Scale 

TL = Too Low of dose to read with this range. 

 

 

 


