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1 Introduction

Calibration Analysis for Measuring ***Uin the
Water Treatment System at the Hematite Facility

NSA-TR-10-14 Rev. 1

In order to support the remediation activities prescribed in the “NCSA of Water Collection and
Treatment Activities at the Hematite Site” (Ref. 1) a calibration analysis is performed on the gamma
scintillation detector intended for use in conducting surveys of water treatment system components.
This calibration analysis determinesthe maximum observed detector count ensuring that the
average™ U concentration does not exceed 0.1 g/L in the material within the Water Treatment System

(WTS) component.

1.1 Definition of Acronyms, Abbreviations and Terms Used

Table 1-1 provides a glossary of acronyms, definitions and terms used in this document.

Table 1-1 Glossary of Acronyms, Abbreviations and Terms
Acronym/Abbreviation/Term Definition
' foot (12")
" inch (2.54 cm)
Bq Becquerel
cm centimeter
cpm counts per minute
Ci curie
g gram
GAC granular activated carbon
IX ion exchange
keV kilo electron Volt
kg kilogram
u micro (1.0 x 10)
m meter
M Mega (1.0 x 10°
MeV Mega electron Volt
mg milligram
Nal sodium iodide
PVC polyvinyl chloride
U uranium
vol. % percentage by volume
WTS water treatment system
wt. % percentage by weight
Source:Original
6
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2 Methodology

The calibration is performed by accurately modeling the response of the intended gamma detector to
limiting masses and distributions of **U in WTS components. The detector response is modeled using
the pulse height tally feature of the MCNP code (Ref. 3) to predict the observed gamma spectrum in the
detector.

2.1 Calibration Analysis

The detector response to an assumed mass of *°U is determined for various limiting source geometries.
The mass of >°U present in the component, assuming a concentration at the limiting value of 0.1 g/L, is
represented as a uniform distribution.

2.2 Design Inputs

Material and geometric properties of the detector and component geometry and sludge/filtrate
compositions are provided below.

2.2.1 Ludlum Model 44-10 Gamma Scintillator

Figure 2-1 shows a schematic of the Ludlum Model 44-10 2”%x2” sodium iodide detector for which this
calibration analysis is conducted.
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Figure 2-1 Ludlum Model 44-10 Gamma Scintillator

2.2.2 Tank Sludge Composition

Tank sludge is modeled as saturated soil. The modeling starts with dry soil having a 30% void fraction
soil composition as provided in ARH-600 (Ref. 2) and shown inTable 2-1. Saturated soil compositions
are based on the dry soil composition with the entire 30% void assumed to be filled with water. The
fully saturated soil composition is shown in Table 2-2.
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Table 2-1 Dry soil composition - 30% Void - ARH-600
Nuclide Nuclide ID Mol Wagt N “[:;lfcer':ls]‘ty Ma[sgs /gfl?]s‘ty Weight %
0-16 8016 15.994915 3.286E-02 8.728E-01 50.41%
si 14000 28.085508 1.407E-02 6.562E-01 37.90%
al 13000 26.981538 1.242E-03 5.565E-02 3.21%
ca 20000 40.078023 9.660E-04 6.429E-02 3.71%
fe 26000 55.846818 5.520E-04 5.119E-02 2.96%
mg 12000 24.305052 5.160E-04 2.083E-02 1.20%
na 11000 22.989770 2.730E-04 1.042E-02 0.60%
Total 5.048E-02 1.73 100%
Table 2-2 Fully saturated soil composition
Nuclide Nuclide ID Mol Wgt | Num Density | Mass Density |y iy, o
[a/b-cm] [g/em’]
si 14000 28.085508 1.4070E-02 6.56E-01 32.30%
al 13000 26.981538 1.2420E-03 5.56E-02 2.74%
ca 20000 40.078023 9.6600E-04 6.43E-02 3.16%
fe 26000 55.846818 5.5200E-04 5.12E-02 2.52%
mg 12000 24.305052 5.1600E-04 2.08E-02 1.03%
na 11000 22.989770 2.7300E-04 1.04E-02 0.51%
o-16 8016 15.994915 4.2891E-02 1.14E+00 56.08%
h 1000 1.007976 2.0062E-02 3.36E-02 1.65%
Total 8.0572E-02 2.03 100%

2.2.3 Bag Filter Filtrate Composition

The bag filter filtrate is modeled as saturated soil as shown in Table 2-2.

2.2.4 GAC Media Composition

The granular activated carbon bed composition is based on the specifications of CalgonFiltrasorb 300.
The GAC material is taken at an apparent density of 0.480 g/cm’ with a particle density of
0.858 g/cm’(Ref. 4). The particle density is the density of carbon particles not wetted by water. Hence,
the porosity of the material is given by

e=1-22=0.4406 Egq. 1
Pp
where
€ is the wettable porosity
Pq 1s the apparent density
pp is the particle density
9
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With the wettable void filled with water, the saturated GAC composition is shown in Table 2-3.

Table 2-3 Saturated GAC composition

Saturated GAC Particle Density [g/cm’] 0.858

Apparent Dry Density [g/cm’] 0.480
Porosity [%] 44.06%

Num Den Density
Nuclide Nuclide ID Mol Wgt [a/b-cm] [g/cm3] Weight %

c 6000 12.011037 2.4066E-02 4.80E-01 52.14%

h 1000 1.007976 2.9461E-02 4.93E-02 5.36%
0 8000 15.999305 1.4731E-02 3.91E-01 42.51%
Total 6.8258E-02 0.9207 100%

2.2.5 IX Media Composition

The ion exchange resin is Purolite A300E. This material is represented as polystyrene. The
manufacturer data sheet indicates a material density of 1.09 g/cm® for the resin beads. The minimum
shipped density is 0.685 g/cm’ . Hence, in accordance with Eq. 1the implied porosity is 0.3716, and the
saturated resin is represented using the composition shown in Table 2-4.

Table 2-4 Saturated IX resin composition
SaturatedPurolite A300E Particle Density [g/cm’] 1.090
Apparent Dry Density [g/cm’] 0.685
Porosity [%] 37.16%
Num Den Density
Nuclide Nuclide ID Mol Wgt [a/b-cm] [g/cm3] Weight %
Polystyrene Vol Frac 62.84%
c 6000 12.011037 3.1686E-02 6.32E-01 59.81%
h 1000 1.007976 3.1684E-02 5.30E-02 5.02%
Water Vol Frac 37.16%
h 1000 1.007976 2.4847E-02 4.16E-02 3.94%
0 8000 15.999305 1.2424E-02 3.30E-01 31.24%
Total 1.0064E-01 1.0567 137%
Combined
c 6000 12.011037 3.1686E-02 6.3197E-01 59.81%
h 1000 1.007976 5.6531E-02 9.4620E-02 8.95%
0 8000 15.999305 1.2424E-02 3.3006E-01 31.24%
Total 1.0064E-01 1.0567 100%
10
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2.3 Assumptions
1. Uranium is represented with 100% **°U isotopic abundance.

2. The **U source term includes contributions from its **'Th daughter with which it is in secular

equilibrium after a few years, but all other daughter radionuclides are assumed to have been
removed during uranium conversion and enrichment processing.

Uniform distributions of radioisotopes throughout the sludge/filtrate/media are assumed.

4. For submersed applications, it is assumed that the detector is enclosed in a 3 in Schedule 40
PVC pipe with a flat end cap of thickness 0.25 in PVC.

11
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3 Analysis and Results
3.1 MCNP Model

3.1.1 Geometry
3.1.1.1

The Ludlum Model 44-10 detector is modeled based on the materials and dimensions provided in Table
3-1 and Table 3-2 as shown in Figure 3-1. Note that the axial sponge layer (see Figure 2-1) in the
detector end cap is modeled as air. This has an insignificant effect on response. Also, components in the
detector housing above the Nal crystal are neglected with insignificant effect on results.

Detector Geometry

For cases in which the detector is assumed to be submerged, the detector is positioned inside 3 in PVC
pipe with a 0.25 in thick flatPVC end plug.

Table 3-1 Detector dimensions
Parameter Dimension
[in] [em]
Crystal height 2.0000 5.0800
Crystal diameter 2.0000 5.0800
Detector OD 2.6250 6.6675
Detector length 10.0000 25.4000
Detector axial position 3.0000 7.6200

Table 3-2 Detector end and radial materials and dimensions
Detector End Cap Model

Layer Material [in] [em]
Packing Air 0.2500 0.6350
Container Aluminum 0.0620 0.1575
Total 0.3120 0.7925

Detector Radial Model

Layer Material [in] [em]
Packing Air 0.2505 0.6363
Container Aluminum 0.0620 0.1575
Total 0.3125 0.7938
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Figure 3-1 Ludlum Model 44-10 Detector Model

3.1.1.2  Component Geometry

Geometrical parameters used to describe WTS components are shown in Table 3-3 along with
references to vendor data sheets (included in Attachment 2) from which the data is obtained.

Although the holding tanks have a detailed geometry, as shown in Figure 3-4, a simplified model is
used to represent the tank in this analysis. Since the detector response at distances greater than a few
feet from the detector will be insignificant, the tank sludge is represented as a truncated slab with
transverse dimensions of 8 ft and a variable sludge thickness up to 12 in. The sludge is represented as
saturated soil.

The bag filter model includes the filter housing and the perforated basket. Basket perforations are not
explicitly modeled. Instead, the material density is reduced to account for the open area represented by
basket perforations. The bag filter filtrate is represented as saturated soil, and the basket is

13
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conservatively assumed to be completely filled with filtrate, thus maximizing self shielding.

The radial extent of the GAC and IX filter housings is not explicitly represented in the model geometry,
since the housings are large enough that they are effectively infinite in the radial direction. The source
term, described later, does account for the radial extent of the housings. The filter media for the
GAC/IX model are based on the saturated GAC and IX resin material descriptions provided in
Section 2.2.4 and 2.2.5, respectively.

Generally, three separate positions of the detector are considered, if applicable to a particular
component. The “top” position applies to the Tank and GAC/IX models. In this position, the detector is
assumed to be submerged in the tank/housing from the top inside a 3 in PVC pipe sealed on the end
with a flat 0.25 in cap. The PVC pipe apparatus is assumed to be placed in direct contact with, but not
submerged into, the sludge/filter media.

The “side” position applies to the Bag Filter and GAC/IX models. In this case, the detector is assumed
to be placed on the outside radial surface in contact with the housing at the axial centerline of the filter
bag or GAC/IX filter media.

The “bottom” position applies to the Tank and GAC/IX models. In this case, the detector is assumed to
be positioned beneath the component, and attenuation by the tank/housing wall is considered in the
analysis. However, in the case of the GAC/IX filters under downflow conditions, it is not
recommended that the bottom detector orientation be used in practice since adsorption is likely to be
greater near the top of the filter media.

For the bottom position, the detector may be oriented in one of two ways. In the “normal” orientation,
the cylindrical axis of the detector is perpendicular (“normal”) to the housing surface, as shown in
Figure 3-2. In the parallel orientation, which is applicable in certain cases where space beneath a
housing is limited, the axis of the detector is oriented parallel to the surface, as shown in Figure 3-3.
Note that for top and side position models, only the normal orientation is applicable.

14
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Figure 3-2 Detector in Normal Orientation
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Figure 3-3 Detector in Parallel Orientation
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Table 3-3 Geometrical parameters for WTS components

Description Reference [in] [em]
PVC pipe inner diameter Plastic_Pipe Fittings DC-DWV(609).pdf | 3.0000 7.6200
PVC pipe wall thick Plastic_Pipe Fittings DC-DWV(609).pdf | 0.2160 0.5486
PVC pipe cap thick Plastic_Pipe Fittings DC-DWV(609).pdf | 0.2500 0.6350
Bag filter housing outer diameter NSA-TR-09-13 Rev. 0 8.0000 20.3200
Bag filter housing wall thickness Rosedale_techchem.pdf 0.1090 0.2769
Bag filter basket inner diameter 3_in_ BAGFILTER.pdf 6.7000 17.0180
Bag filter basket wall thickness assumed 28 ga 0.0149 0.0378
Bag filter basket open area 3 in BAGFILTER.pdf 51%
Bag filter basket height 3 in BAGFILTER.pdf 30.0000 | 76.2000
GAC filter housing outer diameter KW-1000HPV-2000HPV .pdf 48.0000 | 121.9200
GAC filter housing wall thickness assumed 0.2500 0.6350
GAC media height calculated 65.0000 | 165.1000
Tank wall thickness ST _EZ easy500bbl.pdf 0.2500 0.6350
Tank sludge thickness parameter 12.0000 | 30.4800
Tank transverse dim assumed 96.0000 | 243.8400

AFROX. OVWERALL LENGTH 38

GUARD RalL WITH LD
W, (UP POSITION)
1

L [ 5 L L L L L ]
L L L L L |_ )
E;l? ﬁzﬁ:.
t I-III [ 5 19 o ! g
\
- \H f \ L |
| N I i
B - LY 19 B J
'|II \ "
5 o |
\
\ | SUGGESTED
SUGGESTED | SIDE VIEW LIFTING SLING
LIFTING SLING _— LOCATION
LOCATION
Figure 3-4  Holding tank illustration

3.1.2 Source Term

Gamma line energies and intensities are obtained from ENDF/B-VI.8 data for each radioisotope of
interest. The source strength is determined by the source activity models shown in Table 3-4 for various
sources of interest. For the calibration analysis, the decayed **U activity model is used, which includes

17
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231 235

Th in secular equilibrium with “”U. Refer to the attached Excel workbook “wts v1102.xlsm” sheet
“Source” for the detailed source description.

In all cases, the sludge/filtrate source volume is represented with a *>U concentration of 0.1 g/L in

order to determine the detector count rate associated with the maximum allowable concentration of
23U, The tank model represents a source volume as a cuboid 8 ft by 8 ft by the specified sludge
thickness. The GAC/IX and bag filter models employ a cylindrical source based on filter dimensions.

Table 3-4 Activity models

Isotope Decayed By
[Bq/g™*U]

u-234 0.0000E+00
u-235 7.9957E+04
u-236 0.0000E+00
u-238 0.0000E+00
th-231 7.9957E+04
th-234 0.0000E+00

pa-234m 0.0000E+00
cs-137 0.0000E+00
co-60 0.0000E+00
Total 1.5991E+05

3.1.3 MCNP Tallies
The MCNP pulse height tally (F8) is used in this analysis with an energy mesh of 1 keV per bin.

3.2 Calibration Analysis

Table 3-5 provides the results of the calibration analysis for the various WTS components. The tank
results are based on a 12 in sludge thickness. Results as a function of sludge thickness are shown in
Table 3-6. For sludge thicknesses in excess of 12 in, the 12 in values are applicable since the deposition
of fine particulates comprising the sludge is expected to be homogeneous. For the tank model side
position results, it is assumed the detector is located at the center of the axial extent of the sludge (i.e.,
6 in from the bottom for the 12 in sludge case).

The WTS NCSA (Ref. 1) specifies certain administrative actions based on an assayed value of 350 g
23U in the bag filter and GAC/IX vessels. The calibration values corresponding to this mass value are
shown in Table 3-7.

18
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Table 3-5 Calibration results for WTS components — 0.1 g/L **°U
Case Model Position Detector Media Mass **U 185 1502:’:03“01' C705“ 121:)(1: = [/m;ni(m > 175
Orientation lg] - -
keV keV keV keV keV

GAC Filter

gc00p GAC/IX Top Normal GACWet 188.75 13796 31737 133995 84262 136066

gcOlp GAC/IX Side Normal GACWet 188.75 5700 14148 30505 27844 31463

gc02p GAC/IX Bottom Normal GACWet 188.75 6321 15809 34471 31480 35516

gp02p GAC/IX Bottom Parallel GACWet 188.75 6347 15791 34570 31247 35595
IXFilter

ix00p GAC/IX Top Normal PuroliteWet 188.75 11728 26837 114647 72013 116389

ix01p GAC/IX Side Normal PuroliteWet 188.75 4812 11900 25372 23164 26209

ix02p GAC/IX Bottom Normal PuroliteWet 188.75 5282 13242 29220 26657 30178

ip02p GAC/IX Bottom Parallel PuroliteWet 188.75 5409 13468 29304 26644 30221
BagFilter

bgO1p BagFilter Side Normal SoilWet 1.73 2346 5208 11911 10367 12275
Tank — 12 in Sludge

tk00p Tank Top Normal SoilWet 181.23 6740 14938 56622 38269 57615

tkO1p Tank Side Normal SoilWet 181.23 2842 6797 14092 13122 14579

tk02p Tank Bottom Normal SoilWet 181.23 2957 7214 15449 14271 15993

tp02p Tank Bottom Parallel SoilWet 181.23 3075 7334 15527 14421 16050

19
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Table 3-6 Calibration results for tank model for various sludge thicknesses
Sludge Mass 25U Detector Count Rate [/min]
Case Model Thickness Media le] 185 150-200 75-200 > 100 > 75
[in] & keV keV keV keV keV
Top Position — Normal Detector Orientation
tkS0p Tank 2.00 SoilWet 30.20 5727 11581 40095 27835 40925
tk40p Tank 4.00 SoilWet 60.41 6489 13951 51708 35131 52663
tk30p Tank 6.00 SoilWet 90.61 6534 14540 54906 37016 55896
tk20p Tank 8.00 SoilWet 120.82 6773 15100 56379 38194 57340
tk10p Tank 10.00 SoilWet 151.02 6779 14903 57266 38579 58266
tk0O0p Tank 12.00 SoilWet 181.23 6740 14938 56622 38269 57615
SidePosition — Normal Detector Orientation
tkS1p Tank 2.00 SoilWet 30.20 1233 2639 5164 4844 5357
tk41p Tank 4.00 SoilWet 60.41 1938 4264 8680 8063 8979
tk31p Tank 6.00 SoilWet 90.61 2425 5544 11224 10431 11590
tk21p Tank 8.00 SoilWet 120.82 2662 6287 12899 12011 13343
tk11p Tank 10.00 SoilWet 151.02 2838 6633 13867 12928 14352
tkO1p Tank 12.00 SoilWet 181.23 2842 6797 14092 13122 14579
Bottom Position — Normal Detector Orientation
tk52p Tank 2.00 SoilWet 30.20 2519 5572 10926 10285 11333
tk42p Tank 4.00 SoilWet 60.41 2883 6815 14014 13017 14493
tk32p Tank 6.00 SoilWet 90.61 2942 7078 14908 13811 15420
tk22p Tank 8.00 SoilWet 120.82 2910 7117 15321 14170 15810
tk12p Tank 10.00 SoilWet 151.02 3008 7379 15508 14393 16041
tk02p Tank 12.00 SoilWet 181.23 2957 7214 15449 14271 15993
Bottom Position — Parallel Detector Orientation
tp52p Tank 2.00 SoilWet 30.20 2510 5547 10828 10195 11230
tp42p Tank 4.00 SoilWet 60.41 2935 6903 14180 13191 14652
tp32p Tank 6.00 SoilWet 90.61 2964 7201 14963 14001 15487
tp22p Tank 8.00 SoilWet 120.82 2900 7237 15162 14066 15697
tp12p Tank 10.00 SoilWet 151.02 3013 7454 15503 14294 15988
tp02p Tank 12.00 SoilWet 181.23 3075 7334 15527 14421 16050
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Table 3-7 Calibration results for WTS components — 350 g >°U
Case Model Position Detector Media Mass “*U 185 lsoggtgecmr C705ll 121:)(1: = [/m:nlgg > 75
Orientation [g] - -
keV keV keV keV keV
gc00p GAC/IX Top Normal GACWet 350 25581 58849 248465 156245 252305
gcOlp GAC/IX Side Normal GACWet 350 10569 26235 56565 51631 58341
gc02p GAC/IX Bottom Normal GACWet 350 11721 29313 63920 58373 65858
gp02p GAC/IX Bottom Parallel GACWet 350 11769 29281 64102 57942 66003
ix00p GAC/IX Top Normal PuroliteWet 350 21748 49764 212588 133532 215818
ix01p GAC/IX Side Normal PuroliteWet 350 8923 22066 47047 42952 48598
ix02p GAC/IX Bottom Normal PuroliteWet 350 9794 24555 54182 49430 55958
ip02p GAC/IX Bottom Parallel PuroliteWet 350 10030 24974 54337 49405 56038
bg01p BagFilter Side Normal SoilWet 350 473656 1051594 2405169 2093523 2478677
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4 Conclusions

The calibration results in Table 3-5and Table 3-6provide maximum observed net count rates for WTS
system componentsensuring that **°U average concentrations in excess of 0.1 g/L are not present within
the sludge/filtrate. The results based on 350 g *°U shown in Table 3-7 provide the calibration values
for certain administrative controls defined in the WTS NCSA (Ref. 1)
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