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ABSTRACT

Radiation levels in Buildings X-326, X-330 and X-333 have been

determinedfor the ANSI minimumaccidentof concern at both the currentand

the proposed locations of the criticality alarmsystem neutrondetectors. This

was performed in order to evaluatewhether or not the detectorscould be

lowered from their currentpositions and still respond to the minimum accident

of concern. Relocatingthe detectors could reduce the potential for worker

injury when the approximately90-pound alarms need to be removed for

periodic maintenance. It could also decrease the incidence of batteryfailure

from elevated temperatureswhich can exceed 160 degrees F.

At the proposed 1-meter elevation the detectors would be surrounded

by the cells containing the cascade equipment; therefore, the detectorswould

be less responsive to a criticality event. The results of this analysis indicate

that the detectors could be lowered from their current height of 5 meters to a

height of 1 meter and still respond to the minimumaccident of concern.

This analysis was performed using the MCNP monte carlo code with a

source corresponding to a critical system of uranylfluoride solutions of 1.2,

3.0, and 4.95 weight percent U-235 enrichment. The neutrondose rates were

evaluated at positions of 69 meters and 100 meters radially outwardfrom the

source at 5 meter and 1 meter heights. All neutrondetectors located in the

three process buildings are located within 100 meters from any potential

criticality.

This reportdetails the methodology used for this study, backgroundon

the dataemployed, and a comparison to a similar analysis performed in 1983

by R. M. Westfall and J. R. Knight at the OakRidge National Laboratory

using the DOT-IV code.
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1.0 CONCLUSIONS

Results of the dose rate computations show that for all three enrichmentsources

evaluated, more than 5 mradh1 of neutronradiationwould be present at heights from

1 meter out to 100 meters.

The criticality accidentalarm detectorset point is 5 mrad ht. Consequently, all

positions within this radius would meet the requirements set forth by the ANSI standard. All

of the detectors currently in position in Buildings X-326, X-330, and X-333 are within this

100 meter range from any possible criticality event within the building (Table 1).

The model used in this analysis is identical to that used in earlier analyses. These

earlier analyses showed that the currentlocation of the criticality alarm system would

respond to a minimum accidentof concern.
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2.0 INTRODUCTION

This analysis was performedto determine whether or not the neutron detectors present

in the X-326, X-330 and X-333 process buildings could be lowered from their currentheight

of 5 meters to a lower height of 1 meter and still be responsive to a minimum accident of

concern (Ref. 1). These neutron detectors are located above the cells that comprise the

cascade diffusion plant and are accessible by catwalks and ladders.

Relocating the detectors could reduce the potential for worker injury when the

approximately90 pound alarms need to be removed for periodic maintenance. It could also

decrease the incidence of battery failure from elevated temperatures which can exceed 160

degrees F. At the proposed 1-meter elevation the detectors would be surrounded by the cells

containing the cascade equipment; therefore, the detectors would be less responsive to a

criticality event.

The criticality alarm system must be able to respond to the ANSI minimum accident

of concern. ANSI Standard ANS-8.3-1986, "Criticality Accident Alarm System," provides

guidance for the establishment and maintenance of systems in facilities engaged in the

processing of fissionable materials (Ref. 2). Section 5.6 of the standard addresses the

question of the minimum accident of concern.

5.6. Detection Criterion. Criticality alarm systems shall be
designed to detect immediately the minimum accidentof
concern. For this purpose, in areas where material is handled
or processed with only nominal shielding, the minimum accident
may be assumed to deliver the equivalent of an absorbed dose hi
free air of 20 rad at a distance of 2 meters from the reaction

material in 60 s. The alarm signal shall activate promptly when
the dose rate at the detectors equals or exceeds a value
equivalent to 20 rad rain"1at 2 meters from the reacting
material.

This detection criterion establishes the reference criticality incident used for this

study. In terms of average dose rate, the criticality event generates 1,200 rad h1 of

2
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combined neutron aridphoton absorbeddose at positions 2 meters from the surface of the

critical volume.

Another important consideration addressed by the standard is the ability of the

detection system to avoid false alarms from background radiation through the use of

appropriate discriminator trip point settings.

5.7.2. To minimize false alarms, the trip point may be set in
the rad h"lrange as long as the criterion of 5.6 is met. The
alarm trip point of the rate sensing device should be more than
10 mrad h"1above normal or operational background at the
monitoring point.

The neutron backgroundradiation levels within the cascade process buildings are less

than 0.1 mradh"1. An alarm set point of 5 mradh"l is used at the Portsmouth facility.

There have not been any false criticality alarms at the Portsmouth facility as a result of high

backgroundradiation.

A thirdfactor in the evaluationof the criticality alarmsystem is the shielding effect of

process equipmentlocated between the radiation source and the detectors. The location and

_ing addressedin Section 5.8 of the ANSI standard.

5.8. Spacing. The location and spacing of detectorsshould be
chosen to avoid the effect of shielding by massive equipment or
materials. Low density materials of construction such as wood
framing, thin interior walls, hollow brick tiles, etc., consistent
with the selected alarm point and with the detection criterion.

The standardused for this report, ANSI/ANS-8.3-1986, supersedes the standardused

for the 1983 Westfall report, ANSI/ANS-8. 3-1979. However, the ANSI revision does not

impact the procedures used for this analysis, nor does it impact the capabilityto make

comparisons to the 1983 Westfall report.
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3.0 PROBLEM SPECIFICATIONS

The task of evaluating the radiation levels at the proposed lowered detector positions

was achieved by the development of an MCNP model of a cascade enrichmentbuilding

containing a source term describing the ANSI minimum accident of concern. This model is

purposefully similar to that produced in 1983 by WestfaU utilizing the DOT-IV transport

code (Ref. 3). The purpose for developing the MCNP model similar to the DOT-IV model

was to facilitate a fair comparison between results of the two analyses.

!

The building modeled is an approximationof several buildings (X-326, X-330, and

X-333) in which the proposed detector relocations would take place (Ref. 3). In the

approximated model, the cell floor consists of 16.4-era-thick concrete slabs supported on a

steel grid. The cells containing the process equipment are approximately 30-meters long and

3.4-meters high. Longitudinally, the cells are separated by 6 meter wide aisles at a height of

5 meters above the surface of the cell floor. The upperportion of the building is essentially

an open bay brokenby some high capacitycranes and their support structure. The roof is

located 16.5 meters above the surface of the cell floor.

Uraniumenrichmentbelow 1 weight percent U-235 is not considered to have the

potential for achieving accidentalcriticality at the Portsmouth Gaseous Diffusion Plant.

Much of the X-333 and the TAILS part of X-330 process buildings have uranium of

enrichment at 1 weight percent U-235 or less.

Nevertheless, in order to provide maximum flexibility in enrichmentoperations and

storage of fissile heavy materials, criticality alarm coverage is provided for all of the process

buildings. Thus it is assumed that an accidentalcriticality could occur anywhere within these

buildings.

Since there is no fixed position for a potential criticality, the maximum distance to the

nearest detector from any position must be determined. A key assumption used for this

analysis is that all the detectors are equally sensitive, and that there is no angular dependance

in detectorsensitivity.

4
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Table 1 lists the maximumdistancesfor all detectors to potential critical sources in

buildings X-326, X-330 and X-333 (Refs. 7-11). Due to the location of the detectors, no

criticality accidentcan occur at a distance of more than 100 meters from any detector.

Therefore, dose calculations at 100 meters from the detectors (at 5 meter and 1 meter

heights) were used to evaluate whether the minimum accident of concern can be detected

regardless of where it occurs within the buildings.

For comparison, additional detector location points were included in the model

corresponding to positions used in the DOT-IV analysis. A comparison of the MCNP values

to the DOT-IV values is given in Appendix C. Although two entirely different treatments

were made of the problem (Monte Carlo versus Discrete Ordinates), the results compare

favorably. A detailed discussion of the methodology employed in the Westfall DOT-IV

analysis can be found in that document (Ref. 3).

An additional aspect of the criticality alarm system evaluation is the source

characterization. The sources used in this analysis were the neutron leakage spectra of

critical solutions of UO2F2-H20 (uranyl fluoride) of 1.2, 3.0, and 4.95 weight percent

enrichments. Currently, a maximum enrichment of 5.0 weight percent U-235 is being

processed in the three buildings under consideration.

A 56-cm diameter stainless steel vessel containing a U(4.95)O2F2 solution with a

uranium content of 1.04 g ml1 was used as the source of highest enrichment. A critical

assembly of this dimension (SHEBA) was constructed at the Los Alamos Critical

Experiments Facility for the uranium enrichment facilities in the early 1980s (Ref. 4). One

of the principle uses of this device was to evaluate the criticality alarm system at the

Portsmouth Gaseous Diffusion Plant (Ref. 13).

Table 2 lists the neutron source strengths corresponding to critical power levels used

in this investigation for each of the three sources. These values were used in converting the

cell average fluxes from units of "per starting partielC to actual flux units of n cm2 seel.

Note that for increasing enrichment, the source strength decreases.
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Table 1. Maximum Source to Detector Distances for Buildings X-326, X-330, and X-333

Building Cluster Distance (me_rs)

-----BuildingX-326 , 27-1-E , 79 ,,,
27-1-W 79

27-3-E 79

27-3-W 79

25-2-E 79

25-2-W 79

25-4-E 84

25-4-W 84

25-6-E 84

25-6-W 84

25-7-E 49

25-7-W 49

Building X-330 29-1-E 98

29-1-W 98

31-2-E 98

31-2-W 98

31-4-E 90

31-4-W 90

29-2-E 90

29-2-W 90

29-4-E 90

29-6-E 90

29-6-W 90

Building X-333 33-1 98
33-2 98

33-3 1O0

33-4 1O0

33-5 100

33-6 1O0

33-7 98

33-8 98
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Table 2. Neutron Source Strengths
i

Enrichment PowerLevel Strength
(WeightPercentU-235) (WattsThermal) (n s"1)
i

4.95 2,100 4.86E13

3.0 2,980 5.77E13

1.2 22,190 6.49E13
i i ,ll ,,, f i ,i

__ , ...... i i..i i

The radiationsource is located on the model centerline at a height of 108 cm

(91.5 cm above the floor) approximatingthe height of a containerwhich would hold the

UO2F2-H20solution. Table 3 lists the neutronleakage spectranormalizedto one neutron.

This is the same 27-group source used in the earlier DOT-IV analysis. The resultantfluxes

and correspondingdoses tallied by the MCNP runs also correspond to this 27-group

structure.

The numberdensities of the elements used to make up the 5 materials employed in

the model are listed in Table 4. All of the materialinside the cell housings (equipment,

structuralmembers, etc.) has been homogenized to give the most conservative intervening

shielding. This includes all tools, machinery,structuraland other material normally located

in an average cell. There is no fissile material present in the model. Consequently, all

neutrons trackedin the model originate from the source (i.e., critical assembly) which is

treated as a point.



POEF-SH-12

Table 3. Neutron Leakage Spectra

Group Upper Energy Enrichmentr-- Weight PercentTU-235
No. (eV)

4.95 % SHEBA I 3 % Optimum H/U [ 1.2 % Optimum H/U

1 2.00E + 7 1.99E-2 1.78E-2 1.66E-2
,,

2 6.43E + 6 1.11E-1 1.05E-1 9.45E-2
i ,,,

I

3 3.00E + 6 1.21 E-1 1.18E-1 1.08E-1
i,,,, , i, i ,,,

4 1.85E + 6 6.45E-2 6.42E-2 5.88E-2
i i

5 1,40E + 6 7.98E-2 8.05E-2 7,43E-2
,, , ,,, ,,,,

6 9.00E + 5 1.14E-1 1.19E-1 1.14E-1
,,,,

7 4.00E + 5 9.77E-2 1.03E-1 1.01 E-1

8 1,00E + 5 6.51E-2 7.00E-2 7.12E-2

9 1,70E + 4 4.66E-2 5.02E-2 5.16E-2

10 3.00E + 3 4.08E-2 4.40E-2 4.59E-2

11 5.50E + 2 3.77E-2 4.04E-2 4.24E-2
i , , m,

12 1,00E + 2 2.46E-2 2,57E-2 2.69E-2

13 3.00E + 1 2.14E-2 2.22E-2 2.35E-2
i

14 1.00E + 1 2.10E-2 2.10E-2 2.19E-2

15 3.05E + 0 1.02E-2 1,04E-2 1.10E-2
, i,

16 1.77E + 0 5.93E-3 6.05E-3 6.41E-3
, i i ,

17 1.30E + 0 2.69E-3 2.74E-3 2.92E-3

18 1.13E + 0 2.34E-3 2.38E-3 2.55E-3
t

19 1.00E + 0 4.33E-3 4.40E-3 4.70E-3
,,

20 8.00E-1 1.38E-2 1.40E-2 1.52E-2
, J, ,,,

21 4o00E-1 4.00E-3 4.04E-3 4.45E-3

22 3.25E- 1 7.25E-3 7.17E-3 8.17E-3
i,

23 2.25E-1 2,30E-2 2.04E-2 2.59E-3

24 1.00E-1 2.92E-2 2.30E-2 3.24E-2
i =,, ,,, ,,

25 5.00E-2 1.70E-2 1.28E-2 1.89E-2
, , , ,

26 3.00E-2 1.32E-1 9.57E-3 1.46E-2

27 1.00E-2 2.36E-3 1.67E-3 2.61 E-3

1.00E-5* 1.00 1.00 1.00
ii iii "" i

Represents lower energy limit to the set,
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Table 4. Material Compositions

, ,, ,, ,,,i i , ill i i i i

Number Density
Material Element (Atom barn"1cm "1)

,, , i , ii ' llll| ii ii i ,,,,, " ill

Air Nitrogen 3.570E-5

(Zone 1) Oxygen 7.840E-6

Hydrogen 1.487E-2

Carbon 3.814E-3

Oxygen 4.152E-2

Sodium 3.040E-4

Concrete Magnesium 5.870E-4(Zone 2)
Aluminum 7.350E-4

Silicon 6.037E-3

Calcium 1.159E-2

Iron 1.968E-4
f

Steel Carbon 3.921 E-3

(Zone 3) Iron 8.349E-2

Carbon 6.230E-5

Fluorine 8.880E-5

Aluminum 8.420E-5

Silicon 1.666E-5

HomogenizedCell Chlorine 8.800E-5
(Zone 4) Chromium 1.61 9E-4

Manganese 1.703E-5

Iron 5.934E-4

Nickel 4.563E-4

Copper 3.273E-5

Hydrogen 4.288E-2

Roof Carbon 1.812E-2
(Zone 5)

Oxygen 1.896E-3

Iron 2.783E-2
iZll] ii ill lJ ii i ill illl i i i ii i ii i i
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4.0 METHODOLOGY

The entire analysis has been performed with MCNP Monte Carlo Neutron Photon

TransportCcxte in the neutron mode. MCNP utilizes combinatorial geometry for

constructingdetailed three dimensional models. Although an intricate3-D model of each

building could have been constructed, for this analysis the 2-D geometry modeled in the

DOT-IV analysis was duplicatedto facilitate a fair comparison.

Figure 1 shows the geometry of the model, although not to scale. In this cross-

sectional view, buildingheight is representedin the Z (vertical) direction, while lateral

dimensions are radiallyoutward from the model centerline in the R direction. Thus, the

model approximatesa circular building with each area representedas a coaxial ring.

Aside from the mathematical treatment employed, the only difference between models

is are the cross section data. The DOT-IV analysis employed a 27-group neutron library

while MCNP utilizes a continuousenergy library evaluatedfrom the ENDF/B-V master fries.

Separatecells were incorporatedinto the MCNP model that corresponded to the

current and proposed detector locations. Fluxes within these cells were obtained as part of

the requested output. MCNP evaluates flux within a cell by the track length estimate based

on the number of particle collisions within the cell. These fluxes are given per starting

particle (cm2) and must be multipliedby the original source strength (n s1) to obtain actual

flux units of n cm"2s"1.

The fluxes evaluated in each of the requestedcells were converted to neutrondose

rates by multiplying by the Hendersonresponse functions (Ref. 6). The resulting dose rates

are in units of mradh-_. Printedwith the dose rates are values of the statistical relative error

at the 1_ level. This is an estimate of the precision of the results and for a correctly

modeled problem is proportional to the number of histories run in the problem. For detector

problems, the suggested relative error for a tally is less than 5 percent (Ref. 5).

10
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In order to obtaindose rates to within 5 percentrelative error 500,000 particle

histories were run. Such a large numberwas requiredin order to obtain enough collisions in

the cells farthestaway from the source.

11
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Z (m)
SOURCE 1.08

Figure 1. The MCNP Geometry Model

12
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5.0 RESULTS

The values obtained for the dose rates at selected positions are listed in Table 5.

Alongwitheachvalueis theaccompanyingrelativeerror(1_). Therelativeerroris a

functionof the numberof historiesrun,as wellas distanceof the editto the source.

The dose rate value at each position decreases with increasing enrichment. This is

due to the higher source strength at critical for each enrichment. According to Table 2, the

lower enrichment source produces more neutrons per second than the higher enrichment

source.

Table 5. Dose Rates at Selected Positions :i: 1_ (mrad hd)

Detector Enrichment -- Weight Percent U-235

Position .......... 1.2 ..................T 3-.0......... T........ 4.9; .........,, ,,, ,,, , ,,,,, ,,,,,,, ,,, -- ,,,, ,

2 m Out 917 + 6.97 890 ± 6.41 758 ± 5.53
(Source Height)

, ...... , . ,,. ,,,. ,,

69 m Out 215 + 6.82 204 ± 6.19 178 ± 5.35
(5 m Height)

,, . ,

69 m Out 60_4 ± 2.06 59.3 ± 1.94 51.3 ± 1.68
(1 m Height)

,.,.., i .|, ..... . .i

100 m Out 66.0 ± 2.74 59.9 ± 2.29 52.6 ± 2.07
(5 m Height)

,. i ,, .,,., ,,. ., ,

100 m Out 13.5 ± 0.596 13.2 ± 0.621 11.1 ± 0.493
(1 m Height)

, |.,, ......... , ,i ,

13
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APPENDIX A. MCNP INPUTS

The following three MCNP input files were used to generate the dose rate values in

this report. A full description of the model is given in the main body of this report. This

Appendixdeals with the technicaldescription of the input fries.

Each of the three inputfiles contain the same cell cards and surface cards that

describe the bas'c model. The corresponding material cards are also common to all three

files. All three files are set to run in the neutron mode, with the source definition (sale/)at

point (0,0,108). The energy distribution (dl) is listed in the sil card as a histogram

distribution (h) corresponding to the 27-group structure listed in Table 3. The spl card

contains the source probabilitydistributionfor the corresponding enrichment, listed in

Table 3. These values are unique for each enrichment.

Thef4:n card indicates cell average flux tally on the cells listed. A brief description

of each of the edit cells is given as a commenton the corresponding cell card. The e4 card

modifies thef4 tally by editing only over the group structurespecified by the e4 entries.

The era4 cardcontains the group-wise flux to dose response functions for the energy

group structureof the e4 card. These values are the response functions 0isted in

AppendixB), multiplied by the source strength (listed in Table 2), multiplied by the

conversion factors of 3,600 sech "1,and 103mradtad-1. The fc4 tally comment card has

been utilized to indicate in the outputfile that the f4 tatlies have been modified by a response

function, and the units of mrad h_ are printed.

Of particular importanceto this investigation is the neutronimportancecard (imp:n).

These entries assign weight windows to the surfaces of each cell in order to balance the

neutronpopulationbetween the source and the detector positions. This must be achieved to

assure accuracy of the solution, for informationonce lost in transportcannotbe regained.

The importanceslisted in the imp:n card balance the neutron population throughoutthe

problem assuring adequatedetectorstatistics.
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Table A-1. MCNP Input Deck for 1.2 Percent Enrichment

k-33 neutronsource, 1.2% Optimum HIU
1 2 7.9654e-2 1 -2 -17 $ cell 1 (concrete floor)
2 3 8.7411e-2 2 -3 -9 $cell2
3 1 4.354e-5 3 -4 -8 $ cell 3 (sourcecell)
4 3 8.7411e-2 8 -9 3 -4 $cell4
5 1 4.354e-5 2 -5 9 -32 $ cell 5
6 4 1.6021e-3 10-11 2 -5 $cell6
7 1 4.354e-5 2 -5 11 -12 $cell7
8 4 1.6021e-3 2 -5 12 -30 $cell8
9 1 4.354e-5 2 -5 13 -14 $cell9
10 4 1.6021e-3 2 -5 14 -34 $cell 10
11 3 8.7411e-2 4 -5 -9 $cel111
12 1 4.354e-5 5 -6 -30 $ cell 12
13 5 9.0726e-2 6 -7 -17 $cell 13(roof)
14 4 1.6021e-3 2 -22 30-31 $cell 14
15 4 1.6021e-3 22 -23 30 -31 $ cell 15 (lm ht, 69m out)
16 4 1.6021e-3 23-5 30-31 $ce1116
17 1 4.354e-5 5 -24 30 -31 $cell 17
18 1 4.354e-5 24 -25 30 -31 $ cell 18 (5m ht, 69m out)
19 1 4.354e-5 25 -6 30 -31 $ cell 19
20 4 1.6021e-3 2 -5 31 -13 $cell20
21 1 4.354e-5 5 -6 31 -34 $cell21
22 1 4.354e-5 32 -33 2 -38 $ cell 22
23 1 4.354e-5 32 -33 38 -39 $ cell 23 (sourceht 2m out)
24 1 4.354e-5 32 -33 39 -5 $ cell 24
25 1 4.354e-5 33 -10 2 -5 $ cell 25
26 1 4.354e-5 2 -5 15 -16 $ cell 26
27 4 1.6021e-3 2 -5 16 -17 $ cell 27
32 4 1.6021e-3 2 -22 34 -35 $ce1132
33 4 1.6021e-3 22 -23 34 -35 $ cell 33 (lm ht, lOOm out)
34 4 1.6021e-3 23 -5 34 -35 $ce1134
35 4 1.6021e-3 35 -15 2 -5 $ce1135
36 1 4.354e-5 5 -24 34 -35 $ cell 36
37 1 4.354e-5 24 -25 34 -35 $ cell 37 (5m ht, lOOm out)
38 1 4.354e-5 25 -6 34 -35 $ cell 38
39 1 4.354e-5 5 -6 35 -17 $ce1139
40 0 -1:7:17 $ cell 40 (universe)

1 pz 0
2 pz 16.5
3 pz 17.8
4 pz 350.5
5 pz 351.8
6 pz 1672.6
7 pz 1677.0
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8 cz 120.7
9 cz 121.9
10 cz 731.5
11 cz 3992.9
12 cz 4602.513 cz 7863.8
13 cz 7863.8
14 cz 8473.4
15 cz 11734.8
16 cz 12344.4
17 cz 15605.8
18 cz 16215.4
19 cz 19476.7
20 cz 20086.3
21 cz 21710.0
22 pz 58
23 pz 158
24 pz 476.5
25 pz 556.5
30 cz 6800
31 cz 7000
32 cz 190
33 cz 210
34 cz 9900
35 cz 10100
36 cz 21236
37 cz 21436
38 pz 98
39 pz 118

mode n
imp:n 1 2 1 1 1 188 12 15 8 1 1 25 25 15 152088

82221 20 20 50 50 50 25 25 25 158 0
sdef erg-dl pos= 0 0 108 $ point sourceat position0,0,108 cm
sil h 1.00e-ll le-8 3e-8 5e-8 le-7 2.25e-7 3.25e-7 4e-7 8e-7

le-6 1.13e-6 1.3e-6 1.77e-6 3.05e-6 le-5 3e-5 le-4 5.5e-4
0.003 0.017 0.1 0.4 0.9 1.4 1.85 3.0 6.43 20

spl 0 0.00261 0.0146 0.0189 0.0324 0.0259 0.00817 0.00445
0.0152 0.0047 0.00255 0.00292 0.00641 0.011 0.0219 0.0235
0.0269 0.0424 0.0459 0.0516 0.0712 0.101 0.114 0.0743
0.0588 0.108 0.0945 0.016

f4:n23 15 18 33 37
e4 0.017 0_1 0.4 0.9 1.4 1.85 3.0 6.43 20
em4 0.0 6.636e10 2.616ell 4.136ell 5.561ell 6.215ell 7.546ell

9.999ell 1.199e12
fc4 CELLAVE DOSE RATE (mrad/h)
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ml 7014.04c 3.570e-5 $ air
8016.35c 7.840e-6

m2 1001.35c 1.487e-2 $ concrete
601 2.35c 3.814e-2
8016.35c 4.152e-2
11023.35c 3.040e-4
12000.35c 5.870e-4
13027.35c 7.350e-4
14000.35c 6.037e-3
20000.35c 1.159e-2
26000.35c 1.968e-4

m3 6012.35c 3.921e-3 $steel
26000.35c 8.349e-2

m4 6012.35c 6.230e-5 $ homogenizedcell material
9019.35c 8.880e-5
13027.35c 8.420e-5
14000.35c 1.666e-5
17000.35c 8.880e-5
24000.35c 1.619e-4
25055.35c 1.703e-5
26000.35c 5.934e-4
28058.35c 4.563e-4
29000.35c 3.273e-5

m5 1001.35c 4.288e-2 $ roof
6012.35c 1.812e-2
8016.35c 1.896e-3
26000.35c 2.783e-2

nps 500000
print
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Table A-2. MCNP Input Deck for 3.0 Percent Enrichment

k-33 neutron source, 3.0% Optimum H/U
1 2 7.9654e-2 1 -2 -17 $ cell 1 (concrete floor)
2 3 8.7411e-2 2 -3 -9 $cell2
3 1 4.354e-5 3 -4 -8 $ cell 3 (source cell)
4 3 8.7411e-2 8 -9 3 -4 $cell4
5 1 4.354e-5 2 -5 9 -32 $ cell 5
6 4 1.6021e-3 10 -11 2 -5 $cell6
7 1 4.354e-5 2 -5 11 -12 $cell7
8 4 1.6021e-3 2 -5 12 -30 $cell8
9 1 4.354e-5 2 -5 13 -14 $ cell 9
10 4 1.6021e-3 2 -5 14 -34 $ cell 10
11 3 8.7411e-2 4 -5 -9 $cell 11
12 1 4.354e-5 5 -6 -30 $ cell 12
13 5 9.0726e-2 6 -7 -17 $cell 13(roof)
14 4 1.6021e-3 2 -22 30-31 $cell 14
15 4 1.6021e-3 22 -23 30 -31 $cell 15(1mht, 69mout)
16 4 1.6021e-3 23 -5 30 -31 $cell 16
17 1 4.354e-5 5 -24 30 -31 $cell 17
18 1 4.354e-5 24 -25 30 -31 $ cell 18 (5m ht, 69m out)
19 1 4.354e-5 25 -6 30 -31 $cell 19
20 4 1.6021e-3 2 -5 31 -13 $cell20
21 1 4.354eo5 5 -6 31 -34 $cell21
22 1 4.354e-5 32 -33 2 -38 $ cell 22
23 1 4.354e-5 32 -33 38 -39 $ cell 23 (source ht 2m out)
24 1 4.354e-5 32 -33 39 -5 $ cell 24
25 1 4.354e-5 33 -10 2 -5 $ cell 25
26 1 4.354e-5 2 -5 15 -16 $ce1126
27 4 1.6021e-3 2 -5 16 -17 $ce1127
32 4 1.6021e-3 2 -22 34 -35 $ cell 32
33 4 1.6021e-3 22 -23 34 -35 $ cell 33 (lm ht, lOOm out)
34 4 1.6021e-3 23 -5 34 -35 $ce1134
35 4 1.6021e-3 35 -15 2 -5 $ce1135
36 1 4.354e-5 5 -24 34 -35 $ cell 36
37 1 4.354e-5 24 -25 34 -35 $ cell 37 (5m ht, lOOm out)
38 1 4.354e-5 25 -6 34 -35 $ cell 38
39 1 4.354e-5 5 -6 35 -17 $ce1139
40 0 -1:7:17 $ cell 40 (universe)

1 pz 0
2 pz 16.5
3 pz 17.8
4 pz 350.5
5 pz 351.8
6 pz 1672.6
7 pz 1677.0
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8 cz 120.7
9 cz 121.9
10 cz 731.5
11 cz 3992.9
12 cz 4602.5
13 cz 7863.8 =
14 cz 8473.4
15 cz 11734.8
16 cz 12344.4
17 cz 15605.8
18 cz 16215.4
19 cz 19476.7
20 cz 20086.3
21 cz 21710.0
22 pz 58
23 pz 158
24 pz 476.5
25 pz 556.5
30 cz 6800
31 cz 7000
32 cz 190
33 cz 210
34 cz 9900
35 cz 10100
36 cz 21236
37 cz 21436
38 pz 98
39 pz 118

mode n
imp:n 1 21 1 1 1 88 1215 8 1 1 25 25 15 152088

8222 1 20 20 50 50 50 25 25 25 158 0
sdef erg = dl pos= 0 0 108 $ point sourceat position0,0,108 cm
sil h 1.00e-ll le-8 3e-8 5e-8 le-7 2.25e-7 3.25e-7 4e-7 8e-7

le-6 1.13e-6 1.3e-6 1.77e-6 3.05e-6 le-5 3e-5 le-4 5.5e-4
0.003 0.017 0.1 0.4 0.9 1.4 1.85 3.0 6.43 20

spl 0 0.00167 0.00957 0.0128 0.023 0.0204 0.00717 0.00404
0.014 0.0044 0.00238 0.00247 0.00605 0.0104 0.021 0.0222
0.0257 0.0404 0.044 0.0502 0.07 0.103 0.199 0.0805
0.0642 0.118 0.105 0.0178

f4:n23 15 18 33 37
e4 0.017 0.1 0.4 0.9 1.4 1.85 3.0 6.43 20
em4 0.0 5.899e10 2.326ell 3.677ell 4.944ell 5.525ell 6.709ell

8.890el 1 1.065el 2
fc4 CELLAVE DOSE RATE (mrad/h)
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ml 7014.04c 3.570e-5 $ air
8016.35c 7.840e-6

m2 1001.35c 1.487e-2 $ concrete
6012.35c 3.814e-2
8016.35c 4.152e-2
11023.35c 3.040e-4
12000.35c 5.870e-4
13027.35c 7.350e-4
14000.35c 6.037e-3
20000.35c 1.159e-2
26000.35c 1.968e-4

m3 6012.35c 3.921e-3 $steel
26000.35c 8.349e-2

m4 6012.35c 6.230e-5 $ homogenizedcell material
9019.35c 8.880e-5
13027.35c 8.420e-5
14000.35c 1.666e-5
17000.35c 8.880e-5
24000.35c 1.619e-4
25055.35c 1.703e-5
26000.35c 5.934e-4
28058.35c 4.563e-4
29000.35c 3.273e-5

m5 1001.35c 4.288e-2 $ roof
6012.35c 1.812e-2
8016.35c 1.896e-3
26000.35c 2.783e-2

nps 500000
print
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Table A-3. MCNP Input Deck for 4.95 Percent Enrichment

k-33 neutron source, 4.95% Optimum H/U
1 2 7.9654e-2 1 -2 -17 $ ceil 1 (concrete floor)
2 3 8.7411e-2 2 -3 -9 $cell2
3 1 4.354e-5 3 -4 -8 $ cell 3 (sourcecell)
4 3 8.7411e-2 8 -9 3 -4 $cell4
5 1 4.354e-5 2 -5 9 -32 $ cell 5
6 4 1.6021e-3 10-11 2 -5 $cell6
7 1 4.354e-5 2 -5 11 -12 $cell7
8 4 1.6021e-3 2 -5 12 -30 $cell8
9 1 4.354e-5 2 -5 13 -14 $cell9
10 4 1.6021e-3 2 -5 14 -34 $cell 10
11 3 8.7411e-2 4 -5 -9 $cell 11
12 1 4.354e-5 5 -6 -30 $ cell 12
13 5 9.0726e-2 6 -7 -17 $cell 13(roof)
14 4 1.6021e-3 2 -22 30 -31 $ cell 14
15 4 1.6021e-3 22 -23 30 -31 $ cell 15 (lm ht, 69m out)
16 4 1.6021e-3 23 -5 30 -31 $ cell 16
17 1 4.354e-5 5 -24 30 -31 $cell 17
18 1 4.354e-5 24 -25 30 -31 $cell 18(5mht, 69mout)
19 1 4.354e-5 25 -6 30 -31 $cell 19
20 4 1.6021e-3 2 -5 31 -13 $cell20
21 1 4.354e-5 5 -6 31 -34 $cell21
22 1 4.354e-5 32 -33 2 -38 $ cell 22
23 1 4.354e-5 32 -33 38 -39 $ cell 23 (sourceht 2m out)
24 1 4.354e-5 32 -33 39 -5 $ cell 24
25 1 4.354e-5 33 -10 2 -5 $ cell 25
26 1 4.354e-5 2 -5 15 -16 $ce1126
27 4 1.6021e-3 2 -5 16 -17 $ce1127
32 4 1.6021e-3 2 -22 34 -35 $ cell 32
33 4 1.6021e-3 22 -23 34 -35 $ cell 33 (lm ht, lOOm out)
34 4 1.6021e-3 23 -5 34 -35 $ cell 34
35 4 1.6021e-3 35 -15 2 -5 $ce1135
36 1 4.354e-5 5 -24 34 -35 $ cell 36
37 1 4.354e-5 24 -25 34 -35 $ cell 37 (5m ht, lOOm out)
38 1 4.354e-5 25 -6 34 -35 $ cell 38
39 1 4.354e-5 5 -6 35 -17 $ce1139
40 0 -1:7:17 $ cell 40 (universe)

1 pz 0
2 pz 16.5
3 pz 17.8
4 pz 350.5
5 pz 351.8
6 pz 1672.6
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7 pz 1677.0 =
8 cz 120.7
9 cz 121.9
10 cz 731.5
11 cz 3992.9
12 cz 4602.5
13 cz 7863.8
14 cz 8473.4
15 cz 11734.8
16 cz 12344.4
17 cz 15605.8
18 cz 16215.4
19 cz 19476.7
20 cz 20086.3
21 cz 21710.0
22 pz 58
23 pz 158
24 pz 476.5
25 pz 556.5
30 cz 6800
31 cz 7000
32 cz 190
33 cz 210
34 cz 9900
35 cz 10100
36 cz 21236
37 cz 21436
38 pz 98
39 pz 118

mode n
imp:n 1 2 1 1 1 1 88 1215 8 1 1 25 25 15 152088

82221 20 20 50 50 50 25 25 25158 0
sdef erg= dl pos= 0 0 108 $ pointsource at position0,0,108 cm
sil h 1.00e-ll le-8 3e-8 5e-8 le-7 2.25e-7 3.25e-7 4e-7 8e-7

le-6 1.13e-6 1.3e-6 1.77e-6 3.05e-6 le-5 3e-5 1_-4 5.5e-4
0.003 0.017 0.1 0.4 0.9 1.4 1.85 3.0 6.43 20

spl 0 0.00236 0.0132 0.017 0.0292 0.023 0.00725 0.004
0.0138 0.00433 0.00234 0.00269 0.00593 0.0102 0.021 0.0214
0.0246 0.0377 0.0408 0.0466 0.0651 0.0977 0.114 0.0798
0.0645 0.121 0.111 0.0199

f4:n23 15 18 33 37
e4 0.017 0.1 0.4 0.9 1.4 1.85 3.0 6.43 20
em4 0.0 4.969e10 1.959ell 3.097ell 4.164ell 4.654ell 5.651ell

7.488ell 8.975ell
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fc4 CELLAVE DOSE RATE (mrad/h)
ml 7014.04c 3.570e-5 $ air

8016.35c 7.840e-6
m2 1001.35c 1.487e-2 $ concrete

601 2.35c 3.814e-2
8016.35c 4.152e-2
11023.35c 3.040e-4
12000.35c 5.870e-4
13027.35c 7.350e-4
14000.35c 6.037e-3
20000.35c 1.159e-2
26000.35c 1.968e-4

m3 6012.35c 3.921e-3 $steel
26000.35c 8.349e-2

m4 6012.35c 6.230e-5 $ homogenizedcell material
9019.35c 8.880e-5
13027.35c 8.420e-5
14000.35c 1.666e-5
17000.35c 8.880e-5
24000.35c 1.619e-4
25055.35c 1.703e-5
26000.35c 5.934e-4
28058.35c 4.563e-4
29000.35c 3.273e-5

m5 1001.35c 4.288e-2 $ roof
6012.35c 1.812e-2
8016.35c 1.896e-3
26000.35c 2.783e-2

nps 500000
print
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APPENDIX B. RESPONSE FUNCTIONS

The Henderson Free-In-Airflux-to-dose response functions used in this investigation

are listed in Table B-1. These values were obtained by re-bining the 37-group response

functions listed in Reference 12. The re-bining of the group structure was performed

graphically, plotting the functions as a histogram, then transforming the group structure by

conserving the area under each group.

For energies below 0.1 MeV, the response functions are zero. Consequently, only 8

of the 27-neutron groups used contribute to the dose rates evaluated°

Table B-1. Henderson Flux-to-Dose Response Functions for (27-Group)

Energy Range Response Function
Group No. MeV Rad n"lcm2

,..., - = . , . ,

1 20.0 - 6.43 5.13 X 10"e

2 6.43 -3.00 4.28 X 10.9

3 3.00- 1.85 3.23 X 10.9

4 1.85 - 1.40 2.66 X 10.9

5 1.40 - 0.9 2.38 X 10.9

6 0.9- 0.4 1.77 X 10"e
,, , H.,, , ,n ,

7 0.4 - 0.1 1.12 X 108
, .,, ,=, i , ,, , ,.,,, , ,, ,,

8 0.1 - 0.017 2.84 X 10"1°
,,,,, | , ,..H , ..

9 - 27 0.017 - 1 x 10"11 0.000
,.- ,,,w, , ,, ,, ,,,, ,,i
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APPENDIX C. COMPARISON OF MCNP AND DOT-IV

RESULTS

Part of the methodology of this analysis was to follow as closely as possible the

modellingemployed in the 1982 Westfall analysis. This was done so that values derived

from the MCNP calculations could be compared to those obtained in the Westfall analysis.

For this reason the 3-D MCNP model exactly duplicates the DOT-IV R-Z geometry, shares

the same materialnumber densities, and shares the same source description. The only

differences in the models are the cross-section sets used, and the type of mathematical

treatmentemployed by the separatecodes (Wansportvs. Monte Carlo).

Over the years MCNP has been extensively benchmarkedto numerouscritical

experimentsand various Sn transportcodes, generally comparing quite well. Not

surprisingly, the results obtained in this MCNP analysis comparerather well with the

DOT-IV calculations. Table C-1 shows values obtainedat selected points from the MCNP

and DOT-IV analyses for each enrichmentout to 138 meters. Only the 5-meter height

positions are shown as the lowered 1-meter height values are not listed in the DOT-IV

report.

The dose rate values compareto within a difference of less than 4 percentout to 100

meters, which correspondsto the maximumdistance of a potential criticality to the nearest

neutron detector. All conclusions drawnin this report are made from calculations within 100

meters from the critical source.

MCNP predicts higher dose rate values past 100 meters, by more than 50 percent at

138 meters. This is possibly due to the handling of the ray effects associated with scattering.

The effect is undoubtedlypronounceddue to the greaterdistance from the source. However,

these differences do not have any effect on the conclusions drawn on the calculations out to

100 meters.
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Table C-1. MCNP/DOT-IV Comparison of Expected Neutron Dose Rates from
Selected Critical Sources (mrad h"1)

, III II .....

Source SourceU-235 Enrichment SourceU-235 Endchment SourceU- 235 Endchment
to

1.2 Percent 3.0 Percent 4.95 PercentDetecter
MCNP DOT MCNP DOT MCNP DOTDistances

2 m 917 900 890 860 758 730

69 m 215 214 204 208 178 175

I00 m 66 65.6 59.9 58,3 52.6 51.0
,i , ,, , J, ,

138 m 17.2 8.4 16.3 8. I 13,8 6.8
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