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Table ES.1.  Column Performance Summary 

Test Number 
Flowrate, 

BV/h 

Elution 
Volume, 

BVs 

50% Cs 
Breakthrough,  

BVs 

Mass 
Transfer 

Zone, BVs(a) 

Cs Load Capacity,  
mg Cs/g H-form 

Resin 

Contract Limit 
Breakthrough,  

BVs 

1 1.80 15.9 206 95 6.64 275 
2 3.05 29.9 205 124 6.38 245 
3 4.53 23.0 189 149 6.09 189 
4 (Take 1) 3.04 24.9 NA  NA NA NA 
4 (Take 2) 2.95 29.5 182 112 6.06 193 
5 3.17 29.1 181 128 5.53 202 

(a) The mass transfer zone was the range between 1% and 90% C/C0 breakthrough. 
NA = not applicable; Test 4 Take 1 processing was short, with only 52.9 BVs. 
One BV equals 9.9 mL. 

Cs leakage from the lag column occurred from one process run to the next. Increased elution beyond 
16 BVs was apparently required to keep the product effluent below the 10% contract limit. The leakage 
appeared to reduce as more feed was processed until the expected Cs breakthrough profile was 
established. 

The repeated cycling resulted in significant resin swelling. The initial Na-form resin beds were 9.9 mL; 
after the final process cycle, the Na-form resin BVs were 10.9 mL (lead column) and 12.1 mL (lag 
column), expansions of 10% and 20%, respectively. Volume expansions of resin in the H-form were 
106% and 112%, respectively.   

The effluent and eluate were characterized to assess distribution of cations, anions, and radionuclides 
during the ion exchange process. In addition to Cs, small fractions of Fe, Ca, Cu, Pb, and Zn were 
measured in the eluate; all other cations and anions were quantitatively recovered in the 
Cs-decontaminated effluent. Within 10% analytical uncertainty, all 90Sr, Pu, and Am reported to the 
Cs-decontaminated effluent. However, 66% of the Cm and 78% of the 99Tc were found in the effluent; 
less than 4% was found in the eluate, indicating the difference may be held by the resin. 
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Acronyms and Abbreviations 

AP-105DF Hanford tank waste from 241-AP-105, diluted to 5.7 M sodium 
ASO Analytical Support Operations  
ASR Analytical Service Request 
AV apparatus volume 
BV bed volume 
DF decontamination factor  
DI deionized (water) 
FD feed displacement 
GEA  gamma energy analysis 
IC ion chromatography 
ICP-MS inductively coupled plasma mass spectrometry 
ICP-OES inductively coupled plasma optical emission spectrometry 
ID identification (number) or internal diameter, see context 
KPA kinetic phosphorescence analysis 
LAW low-activity waste 
LAWPS Low-Activity Waste Pretreatment System 
MDL method detection limit 
NA not applicable 
PNNL Pacific Northwest National Laboratory 
QA quality assurance 
R&D research and development 
SRF spherical resorcinol-formaldehyde 
TIC total inorganic carbon 
TOC total organic carbon 
WRPS Washington River Protection Solutions 
WTP Hanford Tank Waste Treatment and Immobilization Plant 
WWFTP WRPS Waste Form Testing Program 
 











 

1.2 

1.1 Quality Assurance 

The work described in this report was conducted with funding from WRPS contract 36437/212, DFLAW 
Radioactive Waste Test Platform. This contract was managed under PNNL Project 69832. All research 
and development (R&D) work at PNNL is performed in accordance with PNNL’s Laboratory-Level 
Quality Management Program to R&D activities, which is based on a graded application of NQA-1-2000, 
Quality Assurance Requirements for Nuclear Facility Applications (ASME 2000). To ensure that all 
client quality assurance (QA) expectations were addressed, the QA controls of the PNNL’s WRPS Waste 
Form Testing Program (WWFTP) QA program were also implemented for this work. The WWFTP QA 
program implements the requirements of NQA-1-2008, Quality Assurance Requirements for Nuclear 
Facility Applications (ASME 2008) and NQA-1a-2009, Addenda to ASME NQA-1-2008 (ASME 2009), 
and consists of the WWFTP Quality Assurance Plan (QA-WWFTP-001) and associated QA-NSLW-
numbered procedures that provide detailed instructions for implementing NQA-1 requirements for R&D 
work. 

The work described in this report was assigned the technology level “Applied Research” and was 
planned, performed, documented, and reported in accordance with procedure QA-NSLW-1102, Scientific 
Investigation for Applied Research. All staff members contributing to the work received proper technical 
and QA training prior to performing quality-affecting work. 
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of the eluate were performed in Tests 4-5. The water rinse following elution was collected in nominal  
1.1-BV increments. Finally, the bulk water rinse was conducted to better clear the system from acidic 
matrix, implemented to accommodate the resin idle time between tests and reduce exposure to residual 
acidic fluid. Aliquots of each solution were removed for GEA. 

Cesium load and elution performance was determined from the 137Cs in the collected samples relative to 
the native 137Cs in AP-105DF feed. The collected samples were analyzed directly to determine the 137Cs 
concentration using GEA (constant reference date of July 10, 2017). Cesium breakthrough and elution 
curves were generated as previously described (Fiskum et al. 2017).  

Some unexpected issues occurred during processing. These are described in the following sections. 

2.3.1 Test 1 Process Notes 

After processing ~144 BVs of feed, one polyethylene line between the lead and lag columns broke. The 
break occurred off-shift and was not found until the next morning, after an estimated 147 mL of feed was 
calculated to have leaked from the system (passing through the lead column but not through the lag 
column). The broken line was replaced; the air in the replacement line and hardware displaced 3.7 mL of 
the fluid above the lag column. The replacement line also broke after processing another ~12 BVs of 
AP-105DF. At this point, the system (partially loaded) was placed in standby mode (all valves closed) 
over the weekend (Friday, July 14, at 5:00 p.m. until the following Monday, July 17, at 1:30 p.m.). The 
broken line was replaced with stainless steel tubing before resuming feed processing. The resin was in 
contact with AP-105DF for 239 hours, including the weekend standby period. Refer to Fiskum et al. 
2017. 

2.3.2 Test 2 Process Notes 

Regeneration with 1 M NaOH was extended beyond the nominal 6 BV. Conversion of the lead column 
resin bed from H-form (orange) to Na-form (black) was slow (visually observed color change). It was 
clear that some channeling was occurring in the conversion process. 

2.3.3 Test 3 Process Notes 

Samples (15-mL) were collected from the lead column to support technetium studies (separate study) at 
22, 200, and 247 BVs. The volume of AP-105DF that was processed through the lag column was 
proportionately lower. 

2.3.4 Test 4 Process Notes 

The AP-105DF feed ceased flowing after processing 52.9 BVs. The system pump head had failed. The 
pump was replaced along with the associated process tubing. The lead and lag columns were in static 
contact with the AP-105DF for 27 h while the pump was replaced. Once the pump was repaired, the 
AP-105DF feed process was aborted and FD, water rinse, elution, and water rinse were processed through 
the columns. During elution, some leakages were observed in the tubing connections. Fluid above the lead 
column resin bed dropped very close to the top of the bed. Corrective measures were implemented 
(tightened Swagelok connections, added fluid to the top of the resin bed from the column top access port). 
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Table 2.9.  Analytical Scope 

AP-105DF Test Sample Description Sample ID ASR ASO Sample ID Analysis Scope 

1 

Composite feed TI014-FEED 

0335 

17-1240 GEA, IC, ICP-MS, ICP-OES, total alpha/beta, U-KPA, 
90Sr, 99Tc, Np, Pu, Am/Cm, TOC/TIC, free OH 

Composite effluent TI014-EFF Comp 17-1241 GEA, IC, ICP-MS, ICP-OES, total alpha/beta, U-KPA, 
90Sr, 99Tc, Np, Pu, Am/Cm, TOC/TIC, free OH 

Composite eluate TI014-ELComp 17-1242 GEA, IC, ICP-MS, ICP-OES, total alpha/beta, U-KPA, 
90Sr, 99Tc, Np, Pu, Am/Cm, TOC/TIC, H+(a) 

Peak elution sample TI014-E8-A 0329 17-1224 Cs isotopic 

2 
Composite feed TI015-FEED 

0372 

18-0001 GEA, ICP-OES, Pu, 99Tc, U ICP-MS 
Composite effluent TI015-EFFComp 18-0002 GEA, ICP-OES, Pu, 99Tc, U ICP-MS 
Composite eluate TI015-ELComp 18-0003 GEA, ICP-OES, Pu, 99Tc, U ICP-MS 

3 
Composite feed TI016-FEED 18-0004 GEA, ICP-OES, Pu, 99Tc, U ICP-MS 

Composite effluent TI016-EFFComp 18-0005 GEA, ICP-OES, Pu, 99Tc, U ICP-MS 
Composite eluate TI016-ELComp 18-0006 GEA, ICP-OES, Pu, 99Tc, U ICP-MS 

4 Take 1 
Composite feed TI020-FEED-1-A 18-0007 GEA, ICP-OES, Pu, 99Tc, U ICP-MS 

Composite effluent TI020-EFFComp 18-0008 GEA, ICP-OES, Pu, 99Tc, U ICP-MS 
Composite eluate TI020-ELComp 18-0009 GEA, ICP-OES, Pu, 99Tc, U ICP-MS 

4 Take 2 
Composite feed TI020-FEED-Take2 18-0010 GEA, ICP-OES, Pu, 99Tc, U ICP-MS 

Composite effluent TI020-EFFComp-Take2 18-0011 GEA, ICP-OES, Pu, 99Tc, U ICP-MS 
Composite eluate TI020-EComp 18-0012 GEA, ICP-OES, Pu, 99Tc, U ICP-MS 

5 
Composite feed TI021-FEED 18-0013 GEA, ICP-OES, Pu, 99Tc, U ICP-MS 

Composite effluent TI021-EFFComp 18-0014 GEA, ICP-OES, Pu, 99Tc, U ICP-MS 
Composite eluate TI021-EComp 18-0015 GEA, ICP-OES, Pu, 99Tc, U ICP-MS 

(a) The large sample dilution rendered the H+ analysis too inaccurate for meaningful evaluation. 
IC = ion chromatography; KPA = kinetic phosphorescence analysis; TIC = total inorganic carbon; TOC = total organic carbon. 
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Figure 3.2.  Test 2 Cesium Load Curve for AP-101DF, 3.05 BV/h 
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Figure 3.3.  Test 3 Cesium Load Curve for AP-101DF, 4.53 BV/h 
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Figure 3.4.  Test 4 Take 1 Cesium Load Curve for AP-101DF, 3.04 BV/h 
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Figure 3.5.  Test 4 Take 2 Cesium Load Curve for AP-101DF, 2.95 BV/h to 162 BVs, then 3.60 BV/h 
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Table 3.2.  137Cs Activity Balance for AP-105DF Test 1 

Input µCi % 

Feed Sample 328,834 100 

Output     

Effluent-1 (0-159 BVs) 0.108 3.29E-05 
Effluent-2 (159-294 BVs) 0.938 2.85E-04 
Load samples 1740 0.529 
Loss (spill) 271 0.082 
Feed displacement 2.16 6.58E-04 
Water rinse 0.0775 2.36E-05 
Elution 351,558 107 
Water rinse 4.40 1.34E-03 
Total 137Cs recovery 353,577 108 

Total 137Cs Column Loading   

Lead column  229,270 69.7 
Lag column  97,552 29.7 

Table 3.3.  137Cs Activity Balance for AP-105DF Test 2 

Input µCi % 

Feed Sample 294,285 100 

Output     

Effluent-1 (0-154 BVs) 8.32 2.83E-03 
Effluent-2 (154-254 BVs) 3.83 1.30E-03 
Load samples 911 0.310 
Feed displacement 1.944 6.61E-04 
Water rinse 0.163 5.55E-05 
Elution 313,584 107 
Water rinse 0.958 3.25E-04 
Total 137Cs recovery 314,510 107 

Total 137Cs Column Loading   

Lead column  233,663 79.4 
Lag column  59,699 20.3 
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Table 3.4.  137Cs Activity Balance for AP-105DF Test 3 

Input µCi % 

Feed Sample 312,539 100 

Output     

Effluent-1 (0-128 BVs) 2.76 8.84E-04 
Effluent-2 (128-248 BVs) 85.4 2.73E-02 
Load samples 3775 1.21 
Feed displacement 37.2 1.19E-02 
Water rinse 1.89 6.05E-04 
Elution 307,268 98.3 
Water rinse 2.74 8.76E-04 
Total 137Cs recovery 311,173 100 

Total 137Cs Column Loading   

Lead column  236,739 75.7 
Lag column  71,936 23.0 

Table 3.5.  137Cs Activity Balance for AP-105DF Test 4, Take 1 

Input µCi % 

Feed Sample 66,520 100 

Output     

Effluent-1 (0-53 BVs) 1.78 2.67E-03 
Load samples 0.20 3.02E-04 
Elution 68,063 102 
Total 137Cs recovery 68,067 102 

Total 137Cs Column Loading   

Lead column  66,515 100 
Lag column  3.14 0.00008 
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Table 3.6.  137Cs Activity Balance for AP-105DF Test 4, Take 2 

Input µCi % 

Feed Sample 294,050 100 

Output     

Effluent-1 (0-144 BVs) 1.01 3.45E-04 
Effluent-2 (144-238 BVs) 95.8 3.26E-02 
Load samples 1286 0.437 
Feed displacement and water rinse 0.5 1.81E-04 
Elution 302,697 103 
Water rinse 15.2 5.16E-03 
Extended water rinse 3.1 1.04E-03 
Total 137Cs recovery 304,091 103 

Total 137Cs Column Loading   

Lead column  229,186 77.9 
Lag column  64,194 21.8 

Table 3.7.  137Cs Activity Balance for AP-105DF Test 5 

Input µCi % 

Feed Sample 259,960 100 

Output     

Effluent-1 (0-99 BVs) 3.64 1.40E-03 
Effluent-2 (99-183BVs) 5.67 2.18E-03 
Effluent-3 (183-218 BVs) 6.97 2.68E-03 
Load samples 1942 0.747 
Feed displacement and water rinse 3.8 1.46E-03 
Elution 258,380 99.4 
Water rinse 15.4 5.94E-03 
Extended water rinse 4.1 1.56E-03 
Total 137Cs recovery 260,357 100 

Total 137Cs Column Loading   

Lead column  213,597 82.2 
Lag column  44,867 17.3 

3.4 Ion Exchange Column Absorbed Dose Calculation 

The isotope 137Cs decays to the metastable state of 137Ba with the emission of a beta particle that has an 
average energy of 169.6 keV, and the metastable state de-excites to the ground state with the emission of 
a 662-keV photon. As the 137Cs loads onto the resin bed, the resin is exposed to increasing decay energy 
(beta and gamma source terms). The accumulated dose to the SRF resin was determined from the 
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calculated 137Cs load and was assumed to be distributed over the entire volume of the resin bed. More 
realistically, the Cs load is more concentrated at the top of the bed. 

Absorbed dose was calculated on a time step basis using the grab samples taken at intervals while the ion 
exchange system was operated. This involved determining a volumetric 137Cs activity concentration, 𝐶𝐶𝑣𝑣, 
in each column after each grab sample. This concentration was derived from the GEA data for each of 
these grab samples. To first determine the gamma ray contribution to the column’s absorbed dose, an 
exposure rate based on the volumetric geometry of the column was calculated using a volume source 
formula from Stabin (2007): 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 �
𝐶𝐶

𝑘𝑘𝑘𝑘 ℎ
� = 𝑋̇𝑋 = 𝜋𝜋 𝛤𝛤 �

𝐶𝐶𝑣𝑣
𝜇𝜇
� (1 − 𝑒𝑒−𝜇𝜇𝜇𝜇) ln �

𝑟𝑟2 + ℎ2

ℎ2
�  (3.1) 

where 𝛤𝛤 is the 137Cs gamma constant 0.33 𝑅𝑅∗𝑚𝑚
2

ℎ𝑟𝑟∗𝐶𝐶𝐶𝐶
 (Saenger et al. 1972); µ is the linear attenuation 

coefficient of the material (assumed to be water) based on ICRU Report 44 (ICRU 1989): 

µ =
µ
𝜌𝜌𝑚𝑚

∗ 𝜌𝜌 (3.2) 

where µ
𝜌𝜌𝑚𝑚

 is the mass attenuation coefficient; 𝜌𝜌 is the density of the material; 𝑡𝑡 is the thickness of the 

source (ID of column 1.43 cm); 𝑟𝑟 is the radius of the source �𝑡𝑡
2
�; ℎ is the height of the source (6.3 cm). 

Exposure rate was converted to exposure based on the duration of the time step. The column’s exposure is 
converted to absorbed dose via Stabin (2007): 

𝐷𝐷 [𝑟𝑟𝑟𝑟𝑟𝑟] =
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 0.88 𝑋𝑋 
�𝜇𝜇𝑒𝑒𝑒𝑒𝜌𝜌 �

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

�𝜇𝜇𝑒𝑒𝑒𝑒𝜌𝜌 �
𝑎𝑎𝑎𝑎𝑎𝑎

 (3.3) 

where 𝑑𝑑𝑑𝑑 is the mean energy imparted by ionizing radiation to matter in a volume element of mass 𝑑𝑑𝑑𝑑; 𝑋𝑋  
is the exposure (R); �𝜇𝜇𝑒𝑒𝑒𝑒

𝜌𝜌
�
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

 is the mass energy absorption coefficient for the specified material at 

the photon energy of interest (assumed to be water, from ICRU Report 44 [ICRU 1989]); while �𝜇𝜇𝑒𝑒𝑒𝑒
𝜌𝜌
�
𝑎𝑎𝑎𝑎𝑎𝑎

 

is the mass energy absorption coefficient for dry air at the photon energy of interest (ICRU 1989).  

The mass energy absorption coefficient for the 662 keV was interpolated from a log-log plot using the 
following linear interpolation formula:  

[𝑙𝑙𝑙𝑙(𝑌𝑌) − 𝑙𝑙𝑙𝑙 (𝑌𝑌1)]
[𝑙𝑙𝑙𝑙(𝑋𝑋) − 𝑙𝑙𝑙𝑙(𝑋𝑋1)]

=
[𝑙𝑙𝑙𝑙(𝑌𝑌2) − 𝑙𝑙𝑙𝑙 (𝑌𝑌1)]
[𝑙𝑙𝑙𝑙(𝑋𝑋2) − 𝑙𝑙𝑙𝑙(𝑋𝑋1)] (3.4) 

where 𝑌𝑌 is the desired mass energy absorption coefficient component; 𝑋𝑋 is the gamma energy that 𝑌𝑌 is 
being solved for; and (𝑋𝑋1, 𝑌𝑌1), (𝑋𝑋2, 𝑌𝑌2) are the known data points. 
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Figure 3.8.  Test 1 Column Absorbed Gamma Dose as a Function of Time 

 
Figure 3.9.  Test 1 Column Absorbed Beta Dose as a Function of Time 
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Figure 3.10.  Test 2 Column Absorbed Gamma Dose as a Function of Time 

 
Figure 3.11.  Test 2 Column Absorbed Beta Dose as a Function of Time 
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Figure 3.12.  Test 3 Column Absorbed Gamma Dose as a Function of Time 

 
Figure 3.13.  Test 3 Column Absorbed Beta Dose as a Function of Time 
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Figure 3.14.  Test 4 Take 1 Column Absorbed Gamma Dose as a Function of Time 

 
Figure 3.15.  Test 4 Take 1 Column Absorbed Beta Dose as a Function of Time 
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Figure 3.16.  Test 4 Take 2 Column Absorbed Gamma Dose as a Function of Time 

 

 
Figure 3.17.  Test 4 Take 2 Column Absorbed Beta Dose as a Function of Time 
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Figure 3.18.  Test 5 Column Absorbed Gamma Dose as a Function of Time 

 

 
Figure 3.19.  Test 5 Column Absorbed Beta Dose as a Function of Time 
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Table 3.10.  AP-105DF Feed, Effluent, and Eluate Compositions (Test 1) ASR 0335, Inorganic and 
Carbon Analytes  

Analysis 
Method Analyte 

TI014-FEED 
TI014-EFF-

Comp TI014-ELComp 
Fraction in 

Effluent 
Fraction in 

Eluate 

µg/mL µg/mL µg/mL % % 

ICP-MS Hg <8.1E-5 <8.1E-5 <8.1E-5 NA NA 

ICP-OES 

Ag(a) <1.8 <1.8 <0.3 -- -- 
Al 14,550 14,500 50.4 100% 0.019% 
As <98 <98 <16 -- -- 
B 82.1 [55] [8.8] [67%] [0.58%] 
Ba [0.41] [0.36] [0.46] [87%] [6.0%] 
Ca [41] [51] 24.3 [123%] 3.2% 
Cd <1.7 <1.7 <0.3 -- -- 
Cr 362 362 [2.8] 100% [0.042%] 
Fe [4.9] [6.25] 3.35 [128%] 3.7% 
K 3975 3920 558 99% 0.75% 
Li <1.8 <1.8 <0.3 -- -- 
Na 143,000 140,000 4770 98% 0.18% 
Ni [30] [33] [1.6] [108%] [0.29%] 
P [510] [520] 10.5 [102%] 0.11% 

Pb <25 <25 205 -- -- 
Se <141 [200] <23 -- -- 
Th <7.4 <7.4 <1.2 -- -- 
Ti <0.9 <0.9 <0.1 -- -- 

U (total) <42 <42 <6.9 -- -- 
Zn [7.2] [11] 8.33 [147%] [6.3%] 
Zr <1.3 <1.3 <0.2 100% 0.019% 

KPA U (total) 4.70 4.39 3.71 93% 4.2% 

IC 

Cl- 4385 4355 NA 99% -- 
NO2

- 63,600 61,800 NA 97% -- 
SO4

2- 1800 1950 NA 108% -- 
C2O4

2- 195 178 NA 91% -- 
NO3

- 113,500 112,500 NA 99% -- 
PO4

3- 1018 967 NA 95% -- 

Titration Free 
Hydroxide 1.05 M 1.05 M NA 100 -- 

Hot 
Persulfate 
Oxidation 

TOC 2600 2770 NA 107% -- 

TIC 5845 5430 NA 93% -- 
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Table 3.11.  Test 2 and Test 3 Analytical Results Summary (ASR 372) 

 Test 2 Test 3 

Analyte 
TI015-
FEED 

TI015-
EFFComp 

TI015-
ELComp 

Fraction in 
Effluent 

Fraction in 
Eluate 

TI016-
FEED 

TI016-
EFFComp 

TI016-
ELComp 

Fraction in 
Effluent 

Fraction in 
Eluate 

Radionuclide µCi/mL µCi/mL µCi/mL % % µCi/mL µCi/mL µCi/mL % % 
137Cs 109 0.00471 1110 0.0044% 121% 129 0.0401 1510 0.031% 108% 

239+240Pu 5.82E-05 5.68E-05 <MDL 98 -- 5.77E-05 5.68E-5 <MDL 99 -- 
99Tc 1.03E-01 8.02E-02 [7.9E-06] 79% [0.00091%] 8.92E-02 7.92E-02 7.58E-06 89% 0.00078% 

Inorganic µg/mL µg/mL µg/mL % % µg/mL µg/mL µg/mL % % 

Al 13,500 14,000 69.2 105% 0.061% 14,700 13,900 78.0 95% 0.049% 

Cd [0.85] [1.5] <0.17 [178%] -- [1.5] <0.79 <0.17 -- -- 
Cr 332 324 1.86 98% 0.067% 344 323 2.56 94% 0.068% 

Cu [3.0] [2.4] 11.7 [81%] [47%] [2.7] [1.6] 9.53 [59%] 32% 

Fe [5.6] [3.6] 4.58 [65%] [10%] [5.9] [3.5] 4.14 [59%] 6.4% 
K 3735 3750 282 101% 0.90% 4130 3880 369 94% 0.82% 

Mo 50.8 49.8 <0.51 99% -- 50.5 47.0 <0.51 93% -- 

Na 136,500 132,000 3150 98% 0.28% 142,000 134,000 4110 95% 0.27% 
Ni 30.1 30.2 [2.5] 101% [1.0%] 30.3 28.3 4.35 94% 1.3% 

Pb [17] [8.9] 87.6 54% 63% [20] <7.0 111 -- [51%] 

S 1130 1090 [27] 97% [0.29%] 1080 1020 [35] 95% [0.30%] 
Si 125 133 739 107% 71% 103 120 625 117% 56% 

Sr [0.081] [0.11] 0.211 [137%] [31%] [0.080] [0.056] 0.414 [70%] [0.30%] 

Zn [3.85] [5.1] 17.6 [134%] [55%] <1.1 <1.1 10.2 -- -- 

U ICP-MS 6.03 5.51 1.65 92% 3.3% 6.29 5.71 2.47 91% 3.6% 

“--” = not applicable. 
<MDL = less than method detection limit. 
Bracketed values indicate the associated sample results were less than the estimated quantitation limit but greater than the MDL. Analytical uncertainty for these analytes is 
>±15%. 
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Table 3.12.  Test 4 Take 1 and Test 4 Take 2 Analytical Results Summary (ASR 372) 

Analyte 

Test 4 Take 1 Test 4 Take 2 

TI020-
FEED-1-A 

TI020-
EFFComp 

TI020-
ELComp 

Fraction in 
Effluent 

Fraction in 
Eluate 

TI020-FEED-
Take 2 

TI020-EFF 
Comp-Take 

2 
TI020-
EComp 

Fraction in 
Effluent 

Fraction in 
Eluate 

Radionuclide µCi/mL µCi/mL µCi/mL % % µCi/mL µCi/mL µCi/mL % % 
137Cs 111 0.00352 260 0.0031% 106% 130 0.0466 1060 0.035% 99% 

239+240Pu 7.39E-05 4.39E-05 <MDL 57% -- 5.94E-05 5.18E-05 <MDL 86% -- 
99Tc 0.0862 0.0767 <MDL 86% -- 0.0832 0.0772 [5.2E-6] 92% [0.00075%] 

Inorganic µg/mL µg/mL µg/mL % % µg/mL µg/mL µg/mL % % 

Al 13,300 13,200 93.5 96% 0.32% 14,000 14,200 49.8 100% 0.043% 

Cd [1.3] [1.1] <0.17 [82%] -- [1.3] [1.3] <0.17 [99%] -- 
Cr 337 301 2.63 86% 0.35% 341 334 2.50 97% 0.089% 

Cu [2.9] <1.1 5.32 -- 83% [2.4] [1.2] 11.3 [49%] [57%] 

Fe [4.1] [15] [3.4] [353%] [37%] [8.1] [5.4] 4.22 [66%] [6.3%] 

K 3930 3460 289 85% 3.3% 4020 3950 268 97% 0.81% 
Mo 48.8 43.9 <0.51 87% -- 48.5 49.4 <0.51 101% -- 

Na 140,000 128,000 3150 88% 1.0% 140,000 139,000 3020 98% 0.26% 

Ni 30.5 24.8 5.86 78% 8.7% 29.8 29.0 5.48 96% 2.2% 
Pb [15] <7.0 29.9 -- [90%] [15] <7.0 95.6 -- [77%] 

S 1060 924 [23] 84% [1.0%] 1050 1040 [20] 98% [0.23%] 

Si 127 152 546 115% 194% 145 172 373 117% 31% 
Sr [0.096] [0.049] 0.148 [49%] [70%] [0.074] [0.12] 0.115 [160%] [19%] 

Zn <1.1 <1.1 13.7 -- -- [2.0] <1.1 10.4 -- [63%] 

U ICP-MS 5.87 4.54 1.46 75% 11% 6.08 5.52 2.22 90% 4.4% 

“--” = not applicable. 
<MDL = less than method detection limit. 
Bracketed values indicate the associated sample results were less than the estimated quantitation limit but greater than the MDL. Analytical uncertainty for these analytes is 
>±15%. 
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The 237Np (Test 1) results were similar to the Pu results where 92% of the loaded 237Np was accounted for 
in the effluent; 237Np was not detected in the eluate. The 243+244Cm chemistry behavior normally follows 
that of 241Am ; therefore, the low 243+244Cm recovery (66%) in the Test 1 effluent is at odds with the 
quantitative recovery for 241Am (101%) in the Test 1 effluent. Analytical uncertainties for 241Am and 
243+244Cm were 2% and 8%, respectively; these uncertainties were well below the missing 34% 243+244Cm. 
Virtually all 90Sr reported to the effluent (analysis uncertainty was 2%). Nominally 78% of the 99Tc was 
recovered in the effluent product; <0.1% was found in the eluate. This indicates that the 99Tc may have 
reacted with the SRF resin and was retained. Analysis of the spent resin is intended to be conducted in the 
future.  

The 99Tc recovered similarly in all test cycles at about 79% to 92% with no up or down trend. A small 
amount of 99Tc (≤0.013%) was recovered in the eluate. Thus, the remaining 99Tc mass balance could 
remain on the column.  

The ICP-OES results for metals showed that virtually all analytes reported to the effluent. In some cases, 
the analyte percent recovery could not be calculated because the analyte was not detected in the feed, the 
effluent, and/or the eluate. Three transition metals (Fe, Cu, Zn), Pb, and U (U as measured by KPA or 
ICP-MS) recovered at >3% in the eluate composite. In the case of Test 1, Pb recovery could not be 
estimated because Pb was not detected in the feed. Over 50% of the Pb was detected in the eluate from 
Tests 2-5. These results indicate that a high proportion of Pb and some Fe, Cu, Zn, and U exchanged from 
the feed onto the ion exchanger during the loading phase and were eluted at least to some extent with 0.45 
M HNO3.  

Nominally 100% of all anions were accounted for in the effluent. TIC is generally ascribed to carbonate 
and thus is ascribed as an anion. TOC includes oxalate and other organic carbon forms, usually 
complexants. The oxalate measured by IC, 2.2 E-3 M, was a small fraction of the TOC (0.22 M as C). 
The TOC recovery in the effluent was quantitative at 107%. 
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Figure 4.5.  Initial Cs Leakage versus Eluent BVs Processed in Previous Cycle  
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Figure 5.1.  Resin Bed Expansion and Contraction History 
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3. The Cs mass transfer zone increased with increasing flowrate, ranging from 95 BVs at 1.8 BV/h 
to 144 BVs at 4.5 BV/h. The increased mass transfer zone was attributed to the reduction in 
residence/equilibration time and the increased flowrate did not overcome limitations due to film 
diffusion (Fiskum et al. 2017). 

4. The 50% Cs breakthrough generally shifted left with successive cycles, ranging from 206 BVs 
(first process cycle) to 181 BVs (sixth process cycle), commensurate with the decreased capacity 
associated with resin degradation (Fiskum et al 2006a). 

5. Within analytical uncertainty, typically >99% of the Cs processed through the ion exchange 
system was collected in the eluate. However, trace Cs remained on the resin beds. 

6. After an initial loading with AP-105DF, Cs leakage from the lag column to the effluent was a 
significant factor in the system’s ability to satisfy the effluent decontamination target. Although 
virtually all Cs was accounted for in the eluate, a very small Cs fraction remained on the lag 
column and leaked into the next cycle product. Approximately 30 BVs of 0.45 M HNO3 eluent 
were required to meet the target DF in the next process cycle. 

7. Small fractions (3% to 15%) of Fe, Cu, U, and Zn were found in the eluate; an indeterminate 
fraction of Pb was found in the eluate. This indicates that some fraction of these analytes 
exchanged onto the resin and was eluted with the acid. Less than 1% of detectable metals were 
found in the eluate. All other metals and anions were found with the effluent product. 

8. Radionuclides (90Sr, 237Np, 239+240Pu, and 241Am) were largely recovered in the effluent. About 2% 
of the Pu was found in the eluate and 4% was not accounted for. Only 66% of the 243+244Cm and 
78% of the 99Tc were recovered in in the effluent product. Less than 0.1% of the 99Tc was 
recovered in the eluate, indicating that ~20% remained on the SRF. Only the first process cycle 
eluate was measured for 243+244Cm, where 3.1% was recovered. 

9. The SRF resin continued to expand from one cycle to the next, increasing in volume by an 
additional 10% to 20% after six process cycles. 

10. The SRF resin in two 10-mL beds maintained the Cs exchange efficacy after processing 12.3 L of 
AP-105DF in six cycles with reasonable efficiency despite the synergistic resin degradation 
effects from the combined radiological dose and chemical and physical (shrink/swell) exposures. 
These results support test observations and conclusions previously described in SRF literature 
reviews (King 2007; Brown 2014). 
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Column Load and Elution Data 
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Table A.1.  AP-105DF Test 1 Cs Load, Feed Displacement, and Water Rinse Results 

Lead Column Lag Column Feed Displacement and Water Rinse 

BV 
µCi 

137Cs/ mL % C/C0 DF BV 
µCi 

137Cs/ mL % C/C0 DF BV 
µCi 

137Cs/ mL % C/C0 DF 

4.4 1.36E-3 1.22E-3 82,238 4.4 1.50E-4 1.34E-4 743,720 FD    
10.2 1.30E-4 1.17E-4 856,213 10.0 6.05E-5 5.43E-5 1,843,199 275.3 1.71E-2 1.54E-2 6507 
31.4 8.05E-5 7.21E-5 1,386,420 30.8 6.53E-5 5.86E-5 1,707,607 276.4 3.03E-2 2.72E-2 3682 
50.6 7.04E-5 6.32E-5 1,583,472 49.7 6.50E-5 5.83E-5 1,716,546 277.6 3.74E-2 3.35E-2 2985 
73.9 3.71E-4 3.33E-4 300,640 72.6 8.41E-5 7.54E-5 1,325,798 278.7 5.55E-2 4.97E-2 2010 
93.6 3.72E-3 3.34E-3 29,978 92.1 5.09E-5 4.56E-5 2,192,986 279.7 4.91E-2 4.40E-2 2273 

116.2 4.56E-2 4.09E-2 2446 114.5 6.65E-5 5.96E-5 1,676,868 280.8 7.95E-3 7.12E-3 14,040 
135.8 3.65E-1 3.28E-1 305 133.8 3.85E-3 3.45E-3 28,946 DI rinse    
159.3 3.32E+0 2.98 34 141.9 3.72E-4 3.34E-4 299,567 281.9 2.77E-3 2.48E-3 40,332 
171.6 1.07E+1 9.63 10 154.2 4.13E-5 3.70E-5 2,702,566 283.0 2.04E-3 1.83E-3 54,722 
175.1 1.42E+1 12.73 7.9 159.9 7.80E-5 7.00E-5 1,429,522 284.0 1.44E-3 1.29E-3 77,221 
200.4 4.47E+1 40.07 2.5 179.2 1.90E-4 1.70E-4 587,351 285.0 1.15E-3 1.03E-3 97,250 
210.2 6.34E+1 56.8 1.8 191.9 8.02E-5 7.19E-5 1,390,128     
219.6 7.89E+1 70.7 1.41 201.0 8.63E-5 7.73E-5 1,293,150     
230.4 9.14E+1 82.0 1.22 211.7 9.25E-5 8.30E-5 1,205,396     
241.5 9.98E+1 89.5 1.12 222.6 1.28E-4 1.15E-4 870,556     
252.1 1.05E+2 94.3 1.06 232.9 2.17E-4 1.95E-4 513,854     
262.9 1.12E+2 100 1.00 243.6 4.30E-4 3.85E-4 259,499     
272.1 1.17E+2 105 0.95 252.6 1.25E-3 1.12E-3 89,109     
282.9 1.20E+2 107 0.93 263.2 4.11E-3 3.68E-3 27,169     
294.0 1.19E+2 107 0.93 274.2 1.33E-2 1.19E-2 8382     

BV = bed volume; DI = deionized; DF = decontamination factor; FD = feed displacement; C0 = 112 µCi 137Cs/ mL. 
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Table A.2.  Elution and Water Rinse Results Following AP-105DF Processing Test 1 

Elution Water Rinse 

BV 
µCi  

137Cs/ mL C/C0 BV 
µCi 

137Cs/ mL C/C0 

1.42 2.84E+0 2.54E-2 17.42 2.43E+0 2.18E-2 
2.87 2.65E+0 2.37E-2 18.84 9.56E-1 8.57E-3 
4.40 3.55E+0 3.18E-2 20.23 5.85E-1 5.25E-3 
5.89 1.03E+1 9.21E-2 21.73 4.28E-1 3.84E-3 
7.35 1.12E+1 1.01E-1    
8.77 1.33E+1 1.20E-1    
10.21 2.83E+3 2.54E+1    
11.64 1.92E+4 1.72E+2    
13.08 2.56E+3 2.29E+1    
14.53 5.84E+1 5.24E-1    
15.94 1.29E+1 1.16E-1    

BV = bed volume; C0 = 112 µCi 137Cs/ mL. 
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Table A.3.  AP-105DF Test 2 Cs Load, Feed Displacement, and Water Rinse Results 

Lead Column Lag Column Feed Displacement and Water Rinse 

BV 
µCi 

137Cs/ mL % C/C0 DF BV 
µCi 

137Cs/ mL % C/C0 DF BV 
µCi 

137Cs/ mL % C/C0 DF 

5.6 1.12E+1 9.49E+0 11 5.6 5.98E-2 5.06E-2 1977 FD    
14.5 1.15E-1 9.71E-2 1030 14.4 1.32E-2 1.12E-2 8934 252.1 2.94E-2 2.49E-2 4015 
26.8 4.78E-2 4.04E-2 2474 26.5 8.89E-3 7.52E-3 13,300 253.7 3.23E-2 2.73E-2 3663 
60.8 7.98E-2 6.75E-2 1481 60.2 5.26E-3 4.45E-3 22,456 255.4 4.34E-2 3.67E-2 2722 
79.5 7.43E-2 6.29E-2 1591 78.6 3.90E-3 3.30E-3 30,288 256.9 1.63E-2 1.38E-2 7242 
98.5 1.65E-1 1.39E-1 717 97.5 2.66E-3 2.25E-3 44,412 DI rinse    

116.3 5.65E-1 4.78E-1 209 115.0 2.49E-3 2.11E-3 47,476 258.5 5.00E-3 4.23E-3 23,666 
134.3 1.93E+0 1.63E+0 61 132.7 1.82E-3 1.54E-3 65,121 260.0 3.07E-3 2.60E-3 38,505 
154.0 6.45E+0 5.5 18 153.8 2.05E-3 1.73E-3 57,660 261.7 2.36E-3 1.99E-3 50,196 
170.1 1.65E+1 14.0 7 168.0 2.20E-3 1.86E-3 53,620     
186.0 3.79E+1 32.0 3.1 185.7 2.20E-3 1.86E-3 53,784     
206.5 6.28E+1 53.1 1.9 203.6 2.45E-3 2.07E-3 48,204     
223.7 8.65E+1 73.2 1.4 220.7 3.87E-3 3.27E-3 30,549     
242.0 1.04E+2 87.9 1.14 238.8 1.22E-2 1.03E-2 9684     
254.0 1.06E+2 89.6 1.12 250.5 2.97E-2 2.51E-2 3976     

BV = bed volume; DI = deionized; DF = decontamination factor; FD = feed displacement; C0 = 118 µCi 137Cs/ mL/ 
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Table A.4.  Elution and Water Rinse Results Following AP-105DF Processing Test 2 

Elution Water Rinse 

BV 
µCi  

137Cs/ mL C/C0 BV 
µCi 

137Cs/ mL C/C0 

1.47 1.92E+0 1.63E-2 31.37 1.30E-1 1.10E-3 
2.99 1.83E+0 1.55E-2 32.88 1.14E-1 9.62E-4 
4.50 3.31E+0 2.80E-2 34.36 9.24E-2 7.82E-4 
6.01 1.23E+1 1.04E-1 35.50 8.05E-2 6.81E-4 
7.52 9.61E+0 8.13E-2    
8.98 1.05E+1 8.89E-2    

10.47 4.04E+3 3.42E+1    
11.96 1.52E+4 1.29E+2    
13.46 1.66E+3 1.41E+1    
14.93 1.93E+2 1.63E+0    
16.43 3.29E+1 2.79E-1    
17.93 3.86E+0 3.27E-2    
19.37 1.53E+0 1.29E-2    
20.89 8.41E-1 7.11E-3    
22.38 5.72E-1 4.84E-3    
23.85 3.16E-1 2.67E-3    
25.33 2.15E-1 1.82E-3    
26.90 2.18E-1 1.84E-3    
28.37 1.73E-1 1.46E-3    
29.89 1.39E-1 1.18E-3    

BV = bed volume; C0 = 118 µCi 137Cs/ mL. 
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Table A.5.  AP-105DF Test 3 Cs Load, Feed Displacement, and Water Rinse Results 

Lead Column Lag Column Feed Displacement and Water Rinse 

BV 
µCi 

137Cs/ mL % C/C0 DF BV 
µCi 

137Cs/ mL % C/C0 DF BV 
µCi 

137Cs/ mL % C/C0 DF 

7.5 7.04E-2 5.61E-2 1783 7.4 8.50E-3 6.77E-3 14,767 FD    
20.7 3.33E-2 2.66E-2 3764 20.4 4.42E-3 3.52E-3 28,416 242.5 6.25E-1 4.98E-1 201 
34.2 2.71E-2 2.16E-2 4636 32.1 2.86E-3 2.28E-3 43,880 244.0 6.80E-1 5.42E-1 185 
52.6 6.31E-2 5.03E-2 1988 50.2 2.24E-3 1.78E-3 56,115 245.6 7.40E-1 5.90E-1 170 
61.5 1.22E-1 9.71E-2 1030 58.8 2.10E-3 1.67E-3 59,854 247.2 3.25E-1 2.59E-1 387 
79.0 4.04E-1 0.32 311 76.1 1.81E-3 1.44E-3 69,413 DI rinse    
95.6 1.38E+0 1.10 91 92.3 1.84E-3 1.46E-3 68,300 248.7 6.55E-2 5.22E-2 1916 

111.1 4.47E+0 3.56 28 107.7 1.86E-3 1.48E-3 67,386 250.3 4.09E-2 3.26E-2 3068 
128.4 9.83E+0 7.83 13 128.5 2.03E-3 1.62E-3 61,788 251.3 2.32E-2 1.84E-2 5421 
150.4 2.15E+1 17.15 6 146.4 2.61E-3 2.08E-3 48,015     
164.2 3.92E+1 31.26 3.2 164.2 5.00E-3 3.99E-3 25,075     
186.0 5.81E+1 46.33 2.2 181.6 1.33E-2 1.06E-2 9429     
202.5 7.98E+1 63.60 1.6 196.3 2.88E-2 2.30E-2 4355     
219.2 9.57E+1 76.27 1.31 214.3 1.07E-1 8.55E-2 1170     
232.9 1.07E+2 85.65 1.17 240.4 2.65E-1 2.11E-1 473     
247.6 1.15E+2 91.31 1.10 240.9 5.46E-1 4.35E-1 230     

BV = bed volume; DI = deionized; DF = decontamination factor; FD = feed displacement; C0 = 125 µCi 137Cs/ mL. 
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Table A.6.  Elution and Water Rinse Results Following AP-105DF Processing Test 3 

Elution Water Rinse Regeneration 

BV 
µCi  

137Cs/ mL C/C0 BV 
µCi 

137Cs/ mL C/C0 BV 
µCi 

137Cs/ mL C/C0 

1.44 2.85E+0 2.27E-2 24.61 4.77E-1 3.80E-3 1.8 1.36E-1 1.12E-1 
2.92 2.89E+0 2.30E-2 26.23 2.86E-1 2.28E-3 3.2 1.27E-1 1.04E-1 
4.45 4.03E+0 3.21E-2 27.78 3.63E-1 2.89E-3 4.7 1.14E-1 9.39E-2 
5.99 7.62E+0 6.07E-2 29.33 2.52E-1 2.01E-3 6.3 2.29E-2 1.89E-2 
7.50 9.95E+0 7.93E-2    7.9 7.51E-3 6.18E-3 
9.00 9.57E+0 7.62E-2    9.4 7.73E-3 6.37E-3 

10.49 4.26E+3 3.39E+1       

11.97 1.38E+4 1.10E+2       

13.50 2.50E+3 1.99E+1       

15.05 1.07E+2 8.51E-1       

16.57 3.51E+1 2.80E-1       

18.21 8.46E+0 6.74E-2       

19.79 1.47E+0 1.17E-2       

21.51 6.94E-1 5.53E-3       

23.03 5.22E-1 4.16E-3       

BV = bed volume; C0 = 125 µCi 137Cs/ mL.    
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Table A.7.  AP-105DF Test 4 Take 1 Cs Load, Feed Displacement, and Water Rinse Results 

Lead Column Lag Column Feed Displacement and Water Rinse 

BV 
µCi 

137Cs/ mL % C/C0 DF BV 
µCi 

137Cs/ mL % C/C0 DF BV 
µCi 

137Cs/ mL % C/C0 DF 

4.0 2.03E-2 1.67E-2 5982 4.0 4.07E-3 3.35E-3 29,815 NA    
11.2 1.04E-2 8.53E-3 11,724 11.0 4.33E-3 3.57E-3 28,017     
18.9 6.61E-3 5.44E-3 18,379 18.5 3.53E-3 2.91E-3 34,364     
36.0 5.93E-3 4.89E-3 20,467 35.5 2.53E-3 2.08E-3 48,084     
52.9 1.10E-2 9.04E-3 11,059 52.0 2.36E-3 1.94E-3 51,503     

BV = bed volume; DF = decontamination factor; FD = feed displacement; C0 = 121 µCi 137Cs/ mL 

Table A.8.  Elution Results Following AP-105DF Processing Test 4 Take 1 

Elution Water Rinse Regeneration 

BV 
µCi  

137Cs/ mL C/C0 BV 
µCi 

137Cs/ mL C/C0 BV 
µCi 

137Cs/ mL C/C0 

24.92 2.75E+2 2.26E+0 NA NA NA 1.6 7.44E-2 6.09E-2 

      3.3 2.53E-2 2.07E-2 

      4.8 2.90E-2 2.38E-2 

      6.4 1.43E-2 1.17E-2 

      8.3 4.43E-3 3.62E-3 

BV = bed volume; C0 = 121 µCi 137Cs/ mL.    
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Table A.9.  AP-105DF Test 4 Take 2 Cs Load, Feed Displacement, and Water Rinse Results 

Lead Column Lag Column Feed Displacement and Water Rinse 

BV 
µCi 

137Cs/ mL % C/C0 DF BV 
µCi 

137Cs/ mL % C/C0 DF BV 
µCi 

137Cs/ mL % C/C0 DF 

4.1 5.73E-3 4.69E-3 21,324 4.1 1.00E-3 8.20E-4 121,922 240.5 4.91E-3 4.02E-3 24,866 
13.3 3.23E-3 2.64E-3 37,837 13.1 8.66E-4 7.09E-4 141,082     
23.4 2.59E-3 2.12E-3 47,111 22.9 1.70E-3 1.39E-3 71,981     
41.0 2.60E-3 2.13E-3 46,961 40.4 5.58E-4 4.57E-4 218,925     
58.3 7.27E-3 5.95E-3 16,797 57.5 5.64E-4 4.62E-4 216,596     
76.1 3.50E-2 0.03 3492 74.9 5.39E-4 4.41E-4 226,611     
92.1 2.18E-1 0.18 560 90.5 5.62E-4 4.60E-4 217,423     

109.5 8.61E-1 0.70 142 107.8 5.98E-4 4.89E-4 204,353     
126.8 3.19E+0 2.61 38 124.8 7.11E-4 5.82E-4 171,674      
144.4 1.12E+1 9.18 11 142.0 7.18E-4 5.88E-4 170,002     
161.8 2.71E+1 22.20 4.5 159.0 1.22E-3 1.00E-3 99,943     
182.3 6.11E+1 50.05 2.0 179.4 5.01E-3 4.10E-3 24,375     
204.8 8.75E+1 71.64 1.4 201.5 3.80E-2 3.11E-2 3212     
226.0 1.10E+2 89.68 1.12 222.5 2.14E-1 1.75E-1 572     
238.5 1.14E+2 93.11 1.07 234.7 6.13E-1 5.02E-1 199     

BV = bed volume; DF = decontamination factor; FD = feed displacement; C0 = 122 µCi 137Cs/ mL. 
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Table A.10.  Elution and Water Rinse Results Following AP-105DF Processing Test 4 Take 2 
Elution Water Rinse Regeneration 

BV 
µCi  

137Cs/ mL C/C0 BV 
µCi 

137Cs/ mL C/C0 BV 
µCi 

137Cs/ mL C/C0 
29.46 1.03E+3 8.47E+0 EDi   1.5 8.71E-2 6.98E-2 

   31.04 1.78E-1 1.46E-3 3.0 8.72E-2 6.98E-2 
   32.67 1.15E-1 9.42E-4 4.5 1.15E-1 9.23E-2 
   34.29 1.48E-1 1.21E-3 6.0 2.16E-2 1.73E-2 
   35.93 2.13E-1 1.74E-3 7.5 6.53E-3 5.23E-3 
   37.57 9.72E-2 7.96E-4 9.1 4.59E-3 3.67E-3 
   EDiF      
   29.46 3.16E-2 2.59E-4    

BV = bed volume; C0 = 122 µCi 137Cs/ mL.    
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Table A.11.  AP-105DF Test 5 Cs Load, Feed Displacement, and Water Rinse Results 

Lead Column Lag Column Feed Displacement and Water Rinse 

BV 
µCi 

137Cs/ mL % C/C0 DF BV 
µCi 

137Cs/ mL % C/C0 DF BV 
µCi 

137Cs/ mL % C/C0 DF 

7.5 9.38E-2 7.52E-2 1331 7.6 5.20E-3 4.17E-3 23,998 186.8 2.98E-2 2.38E-2 4196 
15.8 1.24E-2 9.90E-3 10,099 15.6 4.20E-3 3.37E-3 29,711     
29.2 8.78E-3 7.03E-3 14,223 28.7 3.79E-3 3.04E-3 32,942     
42.9 9.21E-3 7.38E-3 13,549 42.0 3.03E-3 2.43E-3 41,199     
59.5 3.30E-2 2.65E-2 3778 58.3 3.77E-3 3.02E-3 33,067     
72.9 9.76E-2 0.08 1279 71.4 2.79E-3 2.23E-3 44,774     
85.7 3.28E-1 0.26 380 84.0 2.26E-3 1.81E-3 55,171     
99.1 9.84E-1 0.79 127 97.0 2.41E-3 1.93E-3 51,864     

112.0 2.37E+0 1.90 53 109.7 2.44E-3 1.96E-3 51,136      
121.6 4.56E+0 3.66 27 119.0 2.57E-3 2.06E-3 48,637     
137.3 9.76E+0 7.82 13 134.4 2.58E-3 2.07E-3 48,420     
149.7 1.85E+1 14.80 7 146.6 3.18E-3 2.54E-3 39,310     
162.2 3.25E+1 26.03 4 158.8 3.32E-3 2.66E-3 37,582     
173.4 4.73E+1 37.93 3 169.8 3.89E-3 3.12E-3 32,063     
183.0 6.41E+1 51.39 2 179.0 4.95E-3 3.97E-3 25,204     
194.7 8.07E+1 64.66 2 190.4 9.22E-3 7.39E-3 13,534     
203.5 8.89E+1 71.20 1 198.9 1.45E-2 1.16E-2 8617     
212.1 9.62E+1 77.08 1 207.2 2.18E-2 1.75E-2 5719     
218.2 1.04E+2 83.05 1 213.1 3.42E-2 2.74E-2 3650     

BV = bed volume; DF = decontamination factor; FD = feed displacement; C0 = 125 µCi 137Cs/ mL 
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Table A.12.  Elution and Water Rinse Results Following AP-105DF Processing Test 5 
Elution Water Rinse 

BV 
µCi  

137Cs/ mL C/C0 BV 
µCi  

137Cs/ mL C/C0 
29.13 8.93E+2 7.15E+0 EDi   

   30.83 1.83E-1 1.46E-3 
   32.42 1.45E-1 1.16E-3 
   33.95 1.31E-1 1.05E-3 
   35.53 1.39E-1 1.11E-3 
   37.08 1.20E-1 9.61E-4 
   EDiF   
   29.13 4.76E-2 3.82E-4 

BV = bed volume; C0 = 125 µCi 137Cs/ mL. 
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Appendix B 
 

Analytical Reports 

Analytical reports provided by the Analytical Support Operations (ASO) are included in this appendix. In 
addition to the analyte results, they define the procedures used for chemical separations and analysis, as 
well as quality control sample results, observations during analysis, and overall estimated uncertainties. 
The analyses are grouped according to Analytical Services Request (ASR) number. 
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ASR 0272, Initial Characterization of AP-105 

• ICP-OES, Metals 

• ICP-MS, 133Cs 

• Titration, Free Hydroxide 

• GEA 

ASR 0329, Cs Isotopic Results 

ASR 0335, Test 1 Results 

• ICP-OES, Metals 

• ICP-MS, Mercury 

• Titration, Free Hydroxide 

• Ion Chromatography, Anions 

• TOC/TIC 

• GEA 

• Radionuclides (Sr, Pu, Np, total alpha, total beta) 

• U 

ASR 0372 Test 2 through Test 5 Results 

• ICP-OES, Metals 

• GEA 

• Pu 

• Tc 

• U by ICP-MS 
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