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PHASE II REPORT

10 INTRODUCTION

This Draft Phase II Report has been prepared by Resources Conservation Company (RCC) as a contract
deliverable between EG&G Rocky Flats Plant (RFP) (for the Environmentat Restoration Group) and RCC. The
purpose of this Draft Phase IT Report 1s to describe the technical approach, results, and assessment of the solvent
extraction bench-scale treatability study

1.1 Phase II Bench-Scale Program Purpose and Objectives

The purpose of the bench-scale treatability study 1s to provide data to support the Feasibility Studies (FS) 1n
assessing the feasibility of using solvent extraction to remediate radionuchde-contaminated RFP soil and
vegetation To fulfill the purpose of this treatability study, the following objectives were established for Phase II
testng (1) confirm the reproducibility of the plutonium removal results achieved duning Phase 1 testing;

(2) evaluate the effect of additional extraction stages on removal of plutomum form RFP soil and vegetation
beyond that tested 1n Phase 1, (3) calculate the percent of Pu-239,240 removed from RFP soil and vegetation
after solvent extraction testing, (4) caiculate a plutomum (Pu-239,240) and solids mass balance for each of the
solvent extraction tests performed duning Phase II, and (5) evaluate the performance of Phase II bench-scale tests
in removing COCs from the soil and vegetation samples to concentrations at or below the treatability study
benchmarks (TSBs) shown in Table 11
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Radionuclide Parameters Concentration
Americium-241* 238 pCvg
Plutonium-239,240* 365 pCyg
Uramum (Total)* 144 pCyg

Table 1.1: Treatabilty Study Benchmarks

pCyg Picocunes per gram

Programmatic Prehminary Remediation Goal (PRG) - Draft
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20 BENCH-SCALE TEST DESIGN

This sectton describes the bench-scale test design for the Phase IT solvent extraction treatability study The
solvent extraction bench-scale tests were designed to 1dentfy the effectiveness of solvent extraction technology 1n
removing COCs from RFP soil and vegetation The Phase II bench-scale tests consisted of two general tasks
sample preparation and solvent extraction tests Sample preparation mvolved screening, blending, and spliting
two separate soil samples into analytical samples and bench-scale test samples In additon, sample preparaton
mnvolved cuttng, blending, and sphiting the vegetation sample into analytical samples and bench-scale test
samples Sample preparation was performed prior to conducting Phase I tesung The same feed matenal was
used for both Phase I and Phase II testing

The solvent extraction tests were performed usmng tnethylamine and those reagents and operaung conditions
identified 1n Phase I testing which yielded the most favorable plutonium removal The specific technical
approach of the sample preparation and solvent extraction tests are described 1n the following sections

21 Sample Preparation

Soil and vegetation samples selected by EG&G from RFP were submitted to the laboratory for sample
preparation, chemical charactenization, and bench-scale tesung The on-site laboratory prepared the soil samples
by screeming, blending, and sphiting each sample 1nto separate test and analytical samples. RCC technicians
prepared the vegetation sample on-site by chopping, blending and splitting the vegetation sample nto separate
test and analytical samples The detailed descriptions of the sample preparation for soil sample #1, soil

sample #2, and the vegetation sample are presented i the following sections These samples were prepared
prior to conducting Phase I testing The prepared feed samples were used for both Phase I and Phase II testing
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2.1.1 Soil Sample #1 Preparation

A standard Tyler sieve was used to remove material greater than 1/4 inch in diameter The amount of oversize
material was recorded and the oversize material was set aside for return to RFP  The blending process involved
sphtting the screened sample 1nto two portions, recombining the split sample and mixing the recombined soil
thoroughly The spliting, recombining and mixing (homogenization) step was performed a mimmum of

eight umes Following the homogenization step, analytical and bench-scale test samples were divided as shown
in Figure 2 1 The analytical samples were further divided into chemical charactenzation samples and submatted
for chemical analysis The resultng analytical data on the feed provided the baseline to evaluate the
effectiveness of the blending process and plutonium removal efficiencies during bench-scale testing

The bench-scale test sample portion selected for Phase II testing was homogenized again using the procedure
described above An addiuonal sample for feed charactenization confirmatory analyses was withdrawn from the
homogemzed Phase II sample portion

2.1.2  Soil Sample #2 Preparation

Preparation of soil sample #2 consisted of screening, blending and spliting as descnibed 1n Section 211
Following the screening and blending (homogenization) step, soil sample #2 was split into analyucal and bench-
scale test samples as shown 1n Figure 21 The analytical sample was further divided mnto chemical
charactenization samples and submutted for chemical analysis The resulting analytical data provided the basehine
to evaluate the effectiveness of the blending process and plutonium removal efficiencies duning bench-scale
testing

The bench-scale test sample portion selected for Phase II tesing was homogemized again using the procedure
described above An additonal sample for feed characterization confirmatory analyses was withdrawn from the
homogemzed Phase II sample portion

2.1.3 Vegetation Sample Preparation

The vegetation sample "as received” consisted of two root balls and their accompanying stems and leaves The

stems and leaves were clipped with scissors and set aside The root balls were rinsed m a bucket of water to

[0
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remove any soil adhering to the surface of the vegetation Any floating material was skimmed off the water

surface and set aside

The remaining root balls (minus the soil), stems, leaves, and skimmed matenal were combined and then ground
in a meat grinder The resultung ground vegetation mixture was blended by hand using a split and combine
techmque as described m Section 211 Following the blending step, analytical and bench-scale test samples
were split as shown 1n Figure 22 The analytical samples were further split and submitted for chemical analysis
The resulung analytical data provided the baseline to evaluate the effectiveness of the blending process and
plutonium removal efficiencies duning bench-scale testing

The bench-scale test sample portion selected for Phase II tesung was homogenized again using the procedure
described above An additional sample for feed charactenzaton confirmatory analyses was withdrawn from the
homogenized Phase II sample portion

2.1.4  Soil Particle Size Distribution Analytical Testing

A sieve test was conducted on soil #1 and sou #2 to determine the distnbution of matenal and activity as a
functuion of particle size The sieve test was conducted using 150 grams of prepared feed soil. The feed soil was
mixed with 150 ml of O IN sodium hexametaphosphate (SHMP) The SHMP acted as a dispersing agent for the
soul slurry The soil slurry was then put through a senies of screens arranged to capture sequenually smaller
particle size fractions The three screens used were #5, #8 and # 40 mesh The matenal that passed through all
screens was collected and flocculated to ard in separation of sohids and hiqud The hquid above the flocculated
so1l was decanted and filtered using a #40 and a #41 Whatman filter The flocculated sohids were drnied and
combined with the matenal recovered via filtration and submutted to the laboratory for 1sotopic plutonium
analysis The decanted hqud was collected after filtration and submitted for 1sotopic plutonium analysis

22 Solvent-Extraction Tests

Solvent-extraction tests were performed using the most effective combination of oxidizing/reducing agents,
complexing agents, triethylamine, extraction ume and extraction temperature 1dentified during Phase I testing
Generally, each extraction stage consisted of adding a reagent, mixing the sample with the reagent solution,
separating hiquuds from solids (centnifugation) and recycling solids to the extraction vessel After completion of
all the extraction stages, tnethylamine was added to the separated reagent solution, contammnants were
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concentrated, and water and tnethylamine were recycled (Tnethylamine was used to remove the water from the
contaminant solution, allowing the water to be recycled without evaporation or other separation techmques) A
block diagram of the solvent extraction bench-scale test process 1s presented in Figure 2 3

22.1 Soil Sample #1 Solvent-Extraction Tests

Two solvent extraction tests were conducted during Phase II testing of soil sample #1 The test parameters used
for each test are presented Table 21 A step-by-step description of one of the two tests 1s given below to
provide further clanfication of the extraction sequence used during Phase II sample testing

A 200-gram portion of soil sample #1 was placed in a one-hiter extraction vessel A solution of 3 percent
hydrogen peroxide, used as an oxidizing agent, was added to the extraction vessel to achieve a liqud-to-solids
ratio of 8 to 1 by weight. The solution was agitated and heated to 190°F Citric acid, used as a complexing
agent, was then added to the extraction vessel to obtamn a 0 1 molar citric acid soluton The mixture was
agitated for 60 mimnutes at 190°F and allowed to settle The solids were separated from the hqud extract solution
via centrifugation This extract solution, free of suspended sohds, was composited and later analyzed for 1sotopic

plutonum, amernicium, and total uranlum

The above extracuon procedure was repeated eleven more umes, staring with the addition of hydrogen peroxide
to the sohids and hquid remaining 1n the extraction vessel, for a total of twelve extraction stages The final
treated solids were later analyzed for total wranium, 1sotopic plutomum, and americium  After the final
extraction, a composite extract solution was formed using the extract solution from each extraction stage
Tnethylamine was then added to the extract solution to concentrate the contamunants to a mimumal volume
(Addition of tniethylamine forms a two-phase system a hight phase containing triethylamine and water, and a
heavy phase contamning the contaminants and a small amount of water ) The heavy phase was then analyzed for
1sotopic plutonium, amencium, and total uranium The recovered water from extract solution concentration was
sampled and later analyzed for 1sotopic plutomum, americium, and total uranum.

22.2 Soil Sample #2 Solvent Extraction Tests

Two solvent extractton tests were performed using the test parameters shown i Table 22 The step-by-step
procedure used for soil sample #2 was sumilar to that discussed mn Section 2 3.1 for soil sample #1.

(¢
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223 Vegetation Sample Solvent Extraction Tests

One solvent extraction test was performed using the test parameters shown in Table 23 The step-by-step
procedure used for the vegetation sample was similar to that discussed 1n Section 2 3 1 for soil sample #1

~— e — —
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Table 2.1: Summary of Solvent Extraction Test Parameters for Soil Sample #1

Oxidizing or Other Number of Extraction
Test Reducing Complexing Reagents Extraction Time Per Extraction
No. Agent Agent Used Stages Stage Temperature
1 H,0, CH;0, Tnethylamine 12 60 min 190 F
2 Na,S,0, Na,CH,0, Tnethylamine 12 60 min 190 F

F Degrees Fahrenhent
C:H;0, Citnic acid
H,0, Hydrogen peroxide
mmn Minutes
Na,CH,0, Sodium citrate
Na,S,0, Sodium dithionite
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Table 2.2: Summary of Solvent Extraction Test Parameters for Soil Sample #2

Oxadizing or Other Number of Extraction
Test Reducing Complexing Reagents Extraction Time Per Extraction
No Agent Agent Used Stages Stage Temperature
1 H,0, CH,0, Tnethylamine 12 60 min 190 F
2  NaS,0, Na,CH,0, Trnethylamne 12 60 min 190 F
F Degrees Fahrenhent
CsH;0; Citnic acid
H,0, Hydrogen peroxide
mimn Minutes
Na,CH,0, Sodium Citrate
Na,S,0, Sodium dithionite

(4
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Table 2.3: Summary of Solvent Extraction Test Parameters for the Vegetation Sample

Oxidizing or Other Number of  Extraction
Test Reducmg Complexing Reagents Extraction Time Per Extraction
No. Agent Agent Used Stages Stage Temperature
1 Na,S,0, Na,CH,0, Tnethylamine 12 60 min 190 F
F Degrees Fahrenheit
min Minutes
Na,C.H,0, Sodium citrate
Na,S,0, Sodmum dithionite

I
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Figure 2 1?7 Soil feed split TREE
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Figure 22 Veg feed split TREE
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Figure 2 3 Block diagram of bench test process




EG&G ROCKY FLATS PLANT Manual RFP/ER-94-00032
ENVIRONMENTAL RESTORATION PROGRAM Document Revision 0, Draft A
Draft Phase Il Results Report for Page 14 of 39
Solvent Extraction Bench-Scale Treatability Study Eftective Date November 23, 1994

30 ANALYTICAL AND QUALITY ASSURANCE/QUALITY CONTROL PROGRAM DESIGN

As descnibed 1n Section 2 0, the sampling and analytical program was conducted 1n support of the Phase II
solvent extraction bench-scale treatability study to assess the ability of solvent extraction technology to remove
COCs from contammated RFP soil and vegetaton This analytical program was accompanied by a quality
assurance/quality control (QA/QC) program to establish the defensibility of the analytical results The analytical
and QA/QC programs conducted for the Phase II solvent extraction bench-scale treatabihity study are summarized
below

3.1 Analytical Program Design

As described 1n Section 2 0, the analytical program for the Phase II bench-scale tesung included two general
components (1) chemical characterization of the RFP feed soul and vegetation samples prior to Phase I testing,
and (2) radiochemical analyses for COCs mn support of Phase II bench-scale solvent extraction tests  Sample
analyses for both components of the Phase II analytical program were performed at the laboratory on location

3.1.1 Feed Sample Chemical Characterization

Prior to conducting the Phase I bench-scale tests, the feed soil and vegetation samples obtamned from RFP were
screened, thoroughly blended, and splhit into analytical and test samples as descrnibed in Secuon 21 The
analytical sample sphts were submitted to the on-site laboratory, prior to Phase I testing, to be analyzed for the
following radiochemical parameters Pu-238, Pu-239,240, Isotopic U, U (total), Am-241, gross alpha, and gross
beta Plutonium and amencium 1sotopes were analyzed for using alpha spectrometry, uranium was analyzed
using kinetic phosphorimetry, and gross alpha and gross beta were analyzed using gas proportional counting
The specific analytical protocols apphied for the characterization of feed samples followed the on-site laboratory
standard operating procedures (SOPs) for radiochemical analyses as documented 1n the Quality Assurance
Addendum (QAA) for the solvent extraction bench-scale treatability study Results from the feed sample
chemical characterization analyses established feed (influent) concentrations of COCs and were used to assess
removals of COCs achieved by the Phase II tests A sample of the feed material used for Phase II testing was
submitted to the laboratory for confirmatory analyses according to the procedures described above

In addition to radiochemical analyses, the Phase II analytcal sample splits from the feed samples underwent
screening analyses for total sohds The total solids analyses were performed on location by RCC techmicians
using their internal SOPs
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3.1.2 Radiochemical Analyses for Bench-Scale Solvent Extraction Tests

Extraction formulations and approaches which showed the greatest promise 1n Phase I testing based on percent
plutonium removal results were repeated duning Phase II tesung Samples of major process media from these
tests were submitted to the on-site laboratory to be analyzed for specific radiochemical parameters Process
sample types and analytcal parameters for these Phase II solvent extraction tests are summarized in Table 3 1
These analyses employed the same analytical methods used in the feed sample chemical charactenization
analyses, and followed the on-site laboratory’s SOPs for radiochemical analyses as documented m the QAA for
the solvent extraction bench-scale treatability study

32 Quahty Assurance/Quality Control Program

QA/QC protocols were apphed duning the Phase II solvent extraction bench-scale treatability study to establish
the reliability of the reported analytical results Multple internal QC checks were performed during test sample
analysis, including the analysis of duplicate test samples, laboratory method blanks, and laboratory control
samples Radiochemical tracers were used as required by method SOPs to monitor the recovery of COCs from
test sample matrices. Following sample analysis and results reporting, a data review and validation program was
implemented to assess data quality and defensibility, and to identify potential hmitations on data useability
relative to the objectives of the treatability study This QA?QA review 1s stll 1n progress and final results will
be completed prior to submitting the final Phase I and II test report

Detauls of the QA/QC program for the solvent extraction bench-scale treatability study 1s provided i the QAA.
Data quality 1ssues identified from the application of QA/QC protocols in the Phase II testing will be discussed
as they relate to specific test results 1n Section 4 0 A summary of overall data quality for the solvent extraction
bench-scale treatability study will be included 1n the final report.
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Table 3.1: Summary of Phase II Sampling and Analytical Program

Analytical Parameters

Number of
Samples
Process Collected Total
Sample Type* When Collected Per Test Pu-239,240 py U
Interstage sohds After the 6th and 9th extraction 2 x x X
stage
Interstage extract Composite sample of the extract 2 x X X
solution solution from extraction stages
1-6, and 7-12
Final treated sohids After final extraction stage 1 x x X
Final extract concentrate  After combining and 1 x x x
(heavy phase) concentrating all extract solutions
from test
Recovered Water After combming and 1 X x x
concentrating all extract solutions
from test
Pu Plutonium
U Uranum

Includes major process media sampled dunng Phase II tests

A
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4.0 RESULTS AND DISCUSSION

This section presents the results of the Phase II bench-scale testing, as described in Section 2 0, including
analytical results, percent contaminant removal calculations, mass balance calculations, and data quality

assessment.
4.1 Phase II Bench-Scale Testing

The Phase II bench-scale tests produced both process and anaiytical results Process test results for each soit and
vegetation sample included values for extraction temperature, extraction ime, solids setthng and centrifugation
charactenistics, oxidation/reduction agent addition, complexing agent addition, feed to reagent (1¢,
oxidation/reduction and complexing agent) ratios, and solvent to reagent ratos Analytcal results identified the
percent of plutomum removed for each set of process conditions for each soil and vegetation sample tested
Analyucal results provided data for mass balance calculations Analytical and test parameter results of the
Phase 1 bench-scale testing were used to idennfy the test parameters to be used dunng Phase II testing Results
from the two components of the bench-scale testing (sample preparation and solvent extraction tests) are
summanzed below for soil sample #1, soil sample #2, and the vegetation sample

41.1 Feed Sample Preparation Results

Following the screening, homogenization, and splitting described 1n Section 2 1, the chemical characterization
analytical samples were submitted to the on-site laboratory for chemical analysis to provide data to evaluate the
effectiveness of the blending process The results of plutonium chemical characterization analyses for each
sample are presented in Table 41 Additional analytical results (1 ¢ , uranlum, amencium, and ol and grease,
etc ) for chemical charactenization analyses for each sample are presented in Appendix A

A porton of the prepared feed matenal selected for each Phase II test was submutted to the analytical laboratory
for confirmatory analyses The plutonium concentrations reported for soil sample #2 and the vegetation sample
fell outside the 90% confidence interval determined during Phase I tesing The analysis of these samples is
currently being repeated. A discussion of these subsequent results will be provided in the final Phase I and II

report

A sieve test was conducted on soil #1 and soll #2 as described in sections 214 and 411 The amount of
matenal captured by each screen and the reported actvity of each fraction 1s presented in Table 40 The

2
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activity determination for the recovered hiqud fraction 1s 1n progress and will be presented mn the final Phase I
and II report

A et e o e — £ e . e e e e
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Table 4.0: Summary of Sieve Test Results

Activity
Dry wt., g pCi/g
Pu-239,240 Pu-238
Soil #1
Feed so1l used 138 740 * --
Sieve fractions collected
#5 mesh 10 167 <0425
#8 mesh 33 680 <0150
#40 mesh 655 720 120
< #40 mesh 697 312 530
Liqud ao P oo
Soil #2
Feed soil used 133 1350 * -
Sieve fractions collected
#S5 mesh 03 158 <0315
#8 mesh 62 109 0173
#40 mesh 400 237 041
< #40 mesh 869 679 113
Liquid ¥k o ok

* Mean feed concentration
** Analysis 1 progress
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412 Soil Sample #1 Test Results

The process data collected during Phase II bench-scale testing of soil sample #1 are summanzed as follows
The extraction temperature was held constant at 190 F
The extraction tme was 60 minutes per extraction stage
Solids settling times of up to 30 minutes were tested and centnfugation was requred
The oxidaton/reduction and complexing agents tested are presented in Table 2 1
The ratio of feed to reagent (1 ¢ , oxidation/reduction and complexing agents), expressed on a weight-
to-weight basis, was 8 to 1
The ratio of solvent to reagent, expressed on a weight-to-weight basis, varied between 2 1 and 10 1

The results of Pu-239,240 and total uramum analyses conducted on so1l sample #1 feed, interstage (1 ¢, sixth and
ninth extraction), and final treated solids from Phase II solvent extraction tests are presented in Table 43 The
analytical results show that 1n tests 1 and 2, plutonium 18 reduced from a mean feed concentration of 740 pCy/g
(as determined prior to Phase I testing) to 88 pCi/g and 83 pCy/g, respectively, 1n the final treated solids The
concentration of plutomum 1n the solids 1s not significantly reduced after the imtial four extractions. Therefore,
conducting four extractions mstead of twelve would have yielded simular results Additional analytical results
(1e, extract solution, extract concentrate) from Phase II, soil sample #1 solvent extraction tests are presented mn
Appendix A

413 Soil Sample #2 Test Results

The process data collected during Phase IT bench-scale testing of soil sample #2 are summarized as follows
The extraction temperature was held constant at 190 F
The extracuon ttme was 60 minutes per extraction stage
Soluds setthing times of up to 30 minutes were tested and centnfugation was required
The oxidation/reduction and complexing agents tested are presented mn Table 2 2
The ratio of feed to reagent (1 ¢ , oxidauon/reduction and complexing agents), expressed on a weight-
to-weight basis, was 8 to 1
The ratio of solvent 1o reagent, expressed on a weight-to-weight basis, vaned between 2 1 and 10 1

The results of Pu-239,240 and total uranium analyses conducted on soil sample #2 feed, interstage (1, sixth
extraction, ninth extraction), and final treated solids from Phase IT solvent extraction tests are presented n

Ale
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Table 44 The analytical results show that m test 1, Pu-239,240 1s reduced from a mean feed concentration of
1350 pCy/g (as determined pnior to Phase I testing) to 100 pCy/g 1n the final treated sohds The Pu-239,240
analysis of the treated sohids for test 2 are under QA/QC review and will be discussed 1n the final Phase I and II
test report The concentration of plutonium 1n the solids 1s not significantly reduced after the imual four
extractions Therefore, conducting four extractions nstead of twelve would have yielded similar results
Additional analytical results (1e, extraction solution, extraction concentrate) from Phase II, soil sample #2
solvent extraction tests are presented m Appendix A

414 Vegetation Sample Test Results

The process data collected during Phase II bench-scale testing of the RFP vegetation sample are summarized as
follows

The extraction temperature was held constant at 190 F

The extraction tme was 60 minutes per extraction stage

Solids settling imes of up to 30 minutes were tested and centrifugation was required

The oxidation/reduction and complexing agents tested are presented in Table 2 3

The ratio of feed to reagent (1 ¢, oxidaton/reduction and complexing agents), expressed on a weight-

to-weight basis, was 8 to 1

The ratio of solvent to reagent, expressed on a weight-to-weight basis, was 2 1

The results of Pu-239,240 and total uramum analyses conducted on feed, interstage (1 ¢, sixth extraction, ninth
extraction), and final treated solids from Phase II solvent extraction vegetation testing are presented mn Table 4 5
The analytical results show that n test 1, Pu-239,240 1s reduced from a mean feed concentration of 620 pCi/g
(as determined prior to Phase I testing) to 23 pCy/g m the final treated sohds The concentration of plutonium mn
the solids 1s not significantly reduced after the mtal four extractions Therefore, conducting four extractions
mstead of twelve would have yielded similar results Additional analytical results (1 ¢, extraction solution,
extraction concentrate) from Phase II, vegetation sample solvent extraction tests are presented in Appendix A

4.2 EVALUATION OF PHASE II ANALYTICAL RESULTS
Data evaluation of Phase II analytical resuits was performed to assist 1n assessing the overall bench-scale test

performance dunng Phase II testing The following three specific evaluatons of Phase II analytical data were
performed (1) a statistical evaluation of feed soil analytical results (conducted prior to Phase I testing),

P _
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(2) evaluation of percent contaminant removal (Pu-239,240), and (3) evaluation solids and contaminant mass
balances These evaluations are presented below

4.2.1 Statistical Evaluation of Feed Soil

For each of the two soil samples and one vegetation sample, the anthmetic mean, standard deviation, and

90 percent confidence intervals were calculated for the feed soil concentrations to assess the vanability and
homogeneity of the feed sample streams This statisical anlaysis was conducted pnor to Phase I tesung, These
statistics were calculated for Pu-239,240 using the following formulas

Mean =x=(¥Xx)/n

nkx? - (Ex)*

Standard deviation = s =

m@-1y
Upper confidence mterval = (X) + (tR(s)

\'n
Lower confidence mterval = (%) - (&2
\'n
where
x, = The concentration of Pu-239,240 measured 1n an individual rephicate chemical charactenization

analysis of a feed sample during Phase I Three ndividual rephicate analyses were performed for
soil sample #1, and 4 such analyses were performed for soil sample #2 and the vegetation sample

n = The number of observations (1 e, the number of individual replicate results for each soil or
vegetation sample) For soil sample #1, n = 3, whereas n = 4 for soil sample #2 and the
vegetation sample

t., = The Student’s t-Distribution for the 90 percent confidence mnterval for n-1 degree of freedom (¢,
= 2 920 for 2 degrees of freedom [soil sample #1], and t_, = 2 353 for 3 degrees of freedom [soil
sample #2 and the vegetation sample])
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Statistics for the Phase I feed so1l and vegetation samples are presented i Table 4 6 The same Phase I feed soil
and vegetation was used for the Phase II tests Based on the range 1n values for the standard deviation, the
statistics mndicate that the highest degree of vanability in feed soil results was observed in soil sample #2 and the
vegetation sample results  Specifically, the 90 percent confidence interval of the Pu-239,240 concentration mn
so1l sample #2 ranged from 1113 pCy/g to 1585 pCy/g and from approximately 481 pCy/g to 752 pCi/g n the
vegetation sample For these examples, a standard deviathon of 201 pCi/g and 115 pCy/g was calculated for soil
sample #2 and the vegetanon sample, respectively, relative to mean concentrations of 1350 pCy/g and 620 pCy/g,
respectively Calculation of percent relative standard deviations (% RSDs) based on these values (S/x times 100)
produce % RSDs of less than 20 percent for both samples, which 1s considered acceptable for radiochemical
analyses

Confirmatory feed analyses conducted during Phase II produced Pu-239,240 concentrations which were outside
the 90% confidence interval for soil #2 and the vegetauon These samples are being re-analyzed at this ume and
a discussion of the subsequent analysis results will be provided 1n the final Phase I and II report

4.2.2 Evaluation of Removal Efficiencies for Plutonium
The percentages of Pu-239,240 removed were calculated for Pu-239,240 for each of the solvent extraction tests
conducted 1n Phase II The individual percentages of Pu-239,240 removed were calculated using analytical

results from feed and treated solid samples as follows

(Feed Sample Pu-239,240 Concentration)-(Treated Sohd Pu-239,240 Concentration) x 100 = Pu-239,240 Percent Removal
(Feed Sample Pu-239,240 Concentratnon)

The calculated results of the Pu-239,240 percent removal are presented below and are based on the mean feed
concentrations calculated prior to conducting Phase I testing

4221 Soil Sample #1 Pu-239,240 Percent Removal Results

The percentages of Pu-239,240 removed for Phase II testing of soil sample #1 are summarized i Table 47 The
results for soil sample #1, based on the mean feed concentration, showed 88 and 89 percent removal of
Pu-239,240 for tests number 1 and 2, respectively  The parameters used during each of these tests are
summarized n Table 2 4

29
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4.2.2.2 Soil Sample #2 Pu-239,240 Percent Removal Results

The percentages of Pu-239,240 removed for Phase II testng of soil sample #2 are summarized in Table 48 The
results for soil sample #2, based on the mean feed concentration, showed 92 percent removal of Pu-239,240 for
test number 1 Incomplete QA/QC review of test results prevents calculation of percent removal for soil #2 The
percent removal calculations for soil #2 will be discussed the final Phase [ and IT report The parameters used
during each of these tests are summarized 1n Table 2 5

4.2.2.3 Vegetation Sample Pu-239,240 Percent Removal Results

The percentages of Pu-239,240 removed for Phase II testing of the vegetation sample 1s presented in Table 4 9,
The results show a 96 percent removal of Pu-239,240 from the sample The parameters used during this test are

summarized i Table 2 6

4.2.3 Solids and Pu-239,240 Mass Balances

Mass balance calculations were performed on the basis of Phase IT test and analytical results Mass balance
calculations consisted of solids mass balances and Pu-239,240 mass balances for each of the solvent extraction
bench-scale tests conducted 1in Phase II  Solids mass balances for each so1l and vegetation sample were
computed using the total weight of each feed sample, treated sohds samples, mn process samples, and nonvolatile
reagents used dunng each solvent extraction test. Data used for calculation of the solids mass balances are
presented 1n Appendix B The percent mass recovered for each test was calculated as follows

Percent Solids Recovered = Mass of effluent sohds x 100%
Mass influent solids
where
Mass of effluent solids =  total mass of treated sohids recovered after completion of each solvent extraction
test
Mass of influent solids =  total mass of feed sample, on a dry basis, and mass of nonvolatile reagents

3o
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Contammant mass balances for Pu-239,240 were conducted using the process and analytical data presented
Appendix A The percent contamnant recovery was calculated as follows

Percent Pu-239,240 Recovered = Z [Conc g, x Mass,g] x 100%
(Pu-239,240 Mass),,,
where
Pu-239,240 Mass,, = Conc, X Mass of feed sample in grams (as received basis)
Concgos = Mean concentration of Pu-239,240 1n the feed sample, pCi/g (as received basis)
Concg, = Concentration (as received basis) of Pu-239,240 1n the specific process fraction,

pCy/g (this includes treated solids, interstage sohds, and extract samples)

Mass,, = Total (as received) mass of the specific process fraction, in grams

4.23.1 Soil Sample #1 Sohds and Contarmnant Mass Balance Results

Solids and Pu-239,240 mass balance results for soil sample #1 are summanzed 1n Table 4 10 Sohids mass
balance results for soil sample #1 were 109 percent and 92 percent recovery for tests number 1 and 2,
respecuvely Contaminant mass balance results for soil sample #1 show that the Pu-239,240 recovernies were
111 percent and 100 percent for test numbers 1 and 2, respectively The Pu-239,240 recovenies dunng Phase II
testing of soil #1 were within the laboratory’s control mats of 75 to 125 percent.

4232 Soil Sample #2 Solids and Contaminant Mass Balance Results

Solids and Pu-239,240 mass balance results for soil sample #2 are summanzed in Table 4 11 Solids mass
balance results for soil sample #2 were 111 percent and 88 percent recovery for test numbers 1 and 2,
respectively Contaminant mass balance results for soil sample #2 show that the Pu-239,240 recovery was 81
percent for test number 1 Incomplete QA/QC review of test results prevents calculation of percent recovery for
soil #2 The percent recovery calculations for soil #2 will be discussed 1n the final Phase I and II report. The
Pu-239,240 recovery was within the laboratory’s control hmits of 75 to 125 percent

2
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4.2.33 Vegetation Sample Sohds and Contaminant Mass Balance Results

Solids and Pu-239,240 mass balance results for the vegetanon samples are summarized in Table 4 12 Sohds
mass balance results for the vegetation sample show 134 percent recovery Contaminant mass balance results for
the vegetation sample show that the Pu-239,240 recovery was 148 percent. This recovery is outside the
laboratory’s control imit range of 75 to 125 percent The high recovery 1s attnbuted to extraction 1-6 composite
extract sample non-homogeneity This will be confirmed by QA/QC data review and reanalysis, if requred

This data will be further discussed 1n the final Phase I and II test report.
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Table 4.1: Summary of Pu-239,240 Chemical Characterization Analytical Results

Soil Sample #1 Soil Sample #2 Vegetation Sample
(pCv/g) (pCv/g) (pCi/g)
NA 1530 681
799 1514 599
664 1200 463
149 152 125
Mean 740 1350 620

Phase II Confirmatory
Analyses 688 895 * 340 *

pCy/g Picocurnes per gram
NA  Not analyzed

* Re-analysis underway, QA/QC Incomplete
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Table 4.2: Summary of Soil Sample #1 Solids Analytical Resuits

Results
Pu-230,240 Total U

(pCi/g) (g7
Test 1
Feed* 740 12
6th ext. Sohds 42 08
9th ext. Solids 44 09
12th ext. (final treated) Sohds 88 09
Test 2
Feed* 740 12
6th ext. Solds 32 11
9th ext. Solids 35 09
12th ext. (final treated) Solids 83 10

ext.
pCvg
g/

Extraction
Picocunies per gram
Micrograms per gram

Mean feed concentration (discussed 1n Section 42 1)

24
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Table 4.3: Summary of Soil Sample #2 Solids Analytical Results

Results
Pu-239,240 Total U

(pCi/g) (2%
Test 1
Feed* 1350 6.2
6th ext. Solids 97 22
9th ext. Sohds 108 21
12th ext. (final treated) Solids 102 25
Test 2
Feed* 1350 62
6th ext. Sohds 43 11
9th ext. Sohds 27§ 17
12th ext. (final treated) Solids 27

— ]

ext.
pCvg
g/g

Extraction

Picocuries per gram
Micrograms per gram

Mean feed concentration (discussed 1n Section 4 2 1)
Re-analysis i progress, QA/QC Incomplete
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Table 4.4: Summary of Vegetation Sample Solids Analytical Resuits

Results
Pu-239,240 Total U
(pCi’g) (g/8)
Test 1
Feed* 620 57
6th ext. Sohds 17 0.74
9th ext. Sohds 19 080
12th ext. (final treated) Solids 23 082
ext. Extraction
pCy/g  Picocunes per gram
g/g  Micrograms per gram

Mean feed concentration (discussed mn Section 42 1)
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Table 4.5: Feed Soil and Vegetation Statistical Evaluation of Plutonium Analysis

Concentration
Chemical Chemical Chemical
Characterization Characterization Characterization
Results Results Results
Soil Sample #1 Soil Sample #2 Vegetation Sample

(pCi/g) (pCi/g) (pCi/g)
Concentrations NA 1530 681
799 1514 599
664 1200 463
749 1153 725
Mean 740 1350 620
Standard Deviation 68 201 115

90% Confidence Interval

Upper Interval 852 1585 752
Lower Interval 622 1113 481

NA  Not analyzed

pCyg Picocurnies per gram
% Percent
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Table 4 6: Soil Sample #1 Pu-239,240 Removal

Feed* Treated Solids
Test Number of Concentration Concentration Percent
Number Extractions (pCvg) (pCi/g) Removal
1 12 740 88 88
2 12 740 83 89

pCyg Picocunes per gram

* Mean feed concentraton (discussed in Section 4 2 1)
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Table 4.7: Soil Sample #2 Pu-239,240 Removal

Feed* Treated Solids
Test Number of Concentration Concentration Percent
Identification Extractions (pCi/g) (pCi/g) Removal
1 12 1,350 102 92
2 12 1,350 # #

pCi/g Picocunes per gram

* Mean feed concentration (discussed 1n Section 4 2 1)
# Not available, QA/QC mmcomplete
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Table 4.8: Vegetation Sample Pu-239,240 Removal

Feed* Treated Sohds
Test Number of Concentration Concentration Percent
Identification Extractions (pCv/g) (pCi/g Removal
1 12 620 23 96

pCyg Picocunies per gram

* Mean feed concentration (discussed 1n Section 4 2 1)
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Table 4.9: Soil Sample #1 Solids and Pu-239,240 Mass Balance Results

Solids Pu-239,240

Test Recovery Recovery*
Number (percent) (percent)
1 109 111
2 92 100

pCyg Picocurnes per gram

* Based on mean feed concentrations
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Table 4.10: Soil Sample #2 Solids and Pu-239,240 Mass Balance Resulits

Solids Pu-239,240*

Test Recovery Recovery
Ident:fication (percent) (percent)

1 111 81

2 88 #

* Based on mean feed concentrations
# Not available, QA/QC incomplete
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Table 4.11* Vegetation Sample Solids and Pu-239,240 Mass Balance Results

Solids Pu-239,240*
Test Recovery Recovery
Identification (percent) (percent)
1 134 148
—_—

* Based on mean feed concentrations
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5.0 SUMMARY OF RESULTS AND RECOMMENDATIONS

This section summarnizes the RFP soil and vegetation Phase IT bench-scale test results and provides
recommendations based on these results Phase II bench-scale solvent extraction tests were evaluated to

(1) confirm the reproducibility of the plutomum removal results achieved during Phase I testing,

(2) evaluate the effect of additional extraction stages on removal of plutonium form RFP soil and vegetation
beyond that tested in Phase I, (3) calculate the percent of Pu-239,240 removed from RFP soil and vegetation
after solvent extraction testing, (4) calculate a plutonium (Pu-239,240) and solids mass balance for each of the
solvent extraction tests performed dunng Phase II, and (5) evaluate the performance of Phase II bench-scale tests
1 removing COCs from the soil and vegetation samples to concentrations at or below the treatability study
benchmarks (TSBs)

The results of the Phase II bench-scale tests, as summanzed 1n Table 5 1, indicate that a sigmficant removal of
Pu-239,240 from RFP soil and vegetation was achieved during Phase II testtng However, these removals were
comparable to those achieved during Phase I testing, indicating that the majonity of the plutonium removal
occurred 1n the first 3-4 extraction stages The Pu-239,240 removal for the tests with the most favorable results
was 89 percent for soil sample #1, 92 percent for soil sample #2, and 96 percent for the vegetation sample, based
on the mean feed concentrations calculated prnior to Phase I testing Pu-239,240 and solids mass balance results,
summanzed m Table 5 1, support the Pu-239,240 removal results. Solids recovery ranged from 88 to 134
percent and Pu-239,240 recovery ranged from 81 to 148 percent.

Based on the results of the Phase II bench-scale solvent extraction testing, 1t 1s evident that virtually all
plutonium extraction took place during the first four extraction stages and the final eight extraction stages
accomplished only limited additional extracion Removal of residual plutonium from the treated sohds to below
the TSBs would require further optimization testing to identify the opttmum extraction parameters

4
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Table 5.1. Summary of Phase II Bench-Scale Test Results

Pu-239,240 Pu-239,240 Solids
Number of Removal Recovery Recovery
Sample Extractions (percent) (percent) (percent)
Soil #1
Test #1 12 88 111 109
Test #2 12 89 100 92
Soil #2
Test #1 12 92 81 i
Test #2 12 # # 88
Vegetation 12 96 148 134

# Not available, QA/QC incomplete
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FIASE n Analyses Results
Test Pu- Pu-238, Am-241, KPA U
Sample ID Description No. 239/240, 1 pCvg ug/g
| Sample Number One
10-169
-01{Untreated Feed 182 688 115 15202 ] 854
-02|6th Extraction Solids 1 418 0757 8712 075
:I -03|9th Extraction Solids 1 44 2 0764 | 94248 09
-04|Composite Extract 1-6 1 143 0242 | 2421 | 16653
-05|Composite Extract 7-12 1 0 146 <0014 | 0035 163
:l -06 Treated Solids 1 883 163_| 18968 089
-07]6th Extraction Solids 2 324 0577 7 054 112
-08]9th Extraction Solds 2 354 0 651 7464 | 093
-08|Composite Extract 1-6 2 133 0 236 2296 | 183 61
:l -10|Composite Extract 7-12 2 0335 <0022 | 0085 178
-11]|Treated Solids 2 833 146 16572 099
-12|Recovered Water 1 0 605 <0022 | 0132 842
:l -13[Concentrated Contaminant 1 153 263 | 27829] 143
-14{Recovered Water 2 0 041 <0048 | <0011] 801
-15]Concentrated Contaminant 2 427 0734 7582 | 5759
jll Sample Number Two
94-10-233
-01{Untreated Feed 1&2 707 117 192681 636
:l -02]6th Extraction Solids 1 97 1 172 206581 217
-03{9th Extraction Solids 1 108 197 21297 | 2059
-04| Treated Solids 1 102 184 22408 248
:l -05|Composite Extract 1-6 1 186 0317 3254 | 0103
-06|Composite Extract 7-12 1 0298 | <0005 ? 0001
-07|Recovered Water 1 0113 <0011 | 0023 | 0001
-08|Concentrated Contaminant 1 264 0 441 5788 | 0083
:l -09|6th Extraction Solids 2 428 <0736 | 12333 111
-10|9th Extraction Solids 2 278 468 71315 172
-11|Treated Solids 2 355 614 80 73 272
} :l -12|Composite Extract 1-6 2 16 6 0 256 2912 | 0103
-13]Composite Extract 7-12 2 0911 0015 0379 | 0003
-14{Recovered Water 2 069 0013 0131 | 0016
:I -15[Concentrated Contaminant 2 378 0562 | 6978 | 0182
= -16{Rag Layer 2 481 0738
| getation Sample
_‘510-298
-01|Feed 1 370 568 13019} 548
-02|6th Extraction Solids 1 166 <0492 | 4109 | 074
-03|9th Extraction Solids 1 192 0 392 4 238 08
-04|Compostte Extract 1-6 1 521 0072 | 1007 | 0019
! -05]Composite Extract 7-12 1 0113 <0012 | <0040 0
-06| Treated Solids 1 226 0 381 5829 | 082
-07|Recovered Water 1 0234 <008 0074 | 0001
-08]|Concentrated Contaminant 1 729 0111 157 0016
-09|Rag Layer 1 105 0 164 1535 | 0034

- mw | e e
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Solids Balances

Solids Mass Balances

Soil No 1, Citrate/Dithionite Test

‘Total Net
Solids, Solids,
ltem Description Mass,g % g
SOLIDS INPUT
Feed 200 92 0% 184
Total Input 184
SOLIDS OUTPUT
6 Solds 7 100 0% 7
9Solds 87 100 0% 9
Extract Sol'n TSS 94467 01% 13
Extract Soi'n TSS 96401 01% 13
Treated Solds 1592 100 0% 159
Total Output 200
TOTAL INPUT 184
TOTAL QUTPUT 200
PERCENT RECOVERY 109.0%
Soil No 1, Citric Acid/Peroxide Test
Total Net
Solids, Solids,
item Description  Mass,g % q
SOLIDS INPUT
Feed 200 92 0% 184
Total Input 184
SOLIDS OUTPUT
6 Solds 9 100 0% 9
9Solds 108 1000% 1
Extract Sol'n TSS 90813 00% 2
Extract Soi'n TSS 92428 00% 3
Treated Solids 1444 1000% 144
Total Output 169
TOTAL INPUT 184
TOTAL OUTPUT 169
PERCENT RECOVERY 91.8%
Page 1
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Sohds Balances

Soil No 2, Citrate/Dithionite Test

“Total Net
Solids, Solids,
ftem Description Mass,g % q
SOLIDS INPUT
Feed 200 890% 178
Total Input 178
SOLIDS OUTPUT

6Solds 66 100 0% 7

9Solds 103 1000% 10

Extract SoI'n TSS 94597 01% 14
Extract SoI'n TSS 95858 02% 19
Treated Solids 1481 1000% 148

Total Output 197

TOTAL INPUT 178
TOTAL OUTPUT __ 197
PERCENT RECOVERY 110.7%

Soil No 2, Citric Acid/Peroxide Test

Total Net
Solids, Solids,
item Description Mass,g % d
SOLIDS INPUT
Feed 200 89 0% 178
Total Input 178
SOLIDS OUTPUT

6Solids 55 1000%
9Solids 73 1000%
Extract Sol'n TSS 96715 01%
Extract Soi'n TSS 96524 00%
Treated Solids 1333 1000% 1

8&\1\10’

Total Output 157

TOTAL INPUT 178
TOTAL OUTPUT __ 157
PERCENT RECOVERY 88.4%
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Solids Balances

Vegetation, Citrate/Dithionite Test ‘
ota

Solids, Solids,
item Description _ Mass,g % g
SOLIDS INPUT
Feed 100 290% 230
Reagent 785 4 6% 36
Total input 326
SOLIDS OUTPUT
6Solids 15 100 0% 15
9Solids 22 1000% 22
Extract Sol'n TSS 48768 02% 86
Extract Soln TSS 48912 01% 64
Treated Solds 25 1000% 250
Total Output 437
TOTALINPUT 326
TOTALOUTPUT 4
PERCENT RECOVERY 134.0%
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Pu Balances
Phase Il Plutonium-239/240 Mass Balances

Soil No. 1, Citrate/Dithionite Test

Soil No 1 Total Solids = 92%

Soil No 1 Total Solids = 92%

et
Concentration, Activity,
item Description Mass.g pCl/g pCi
ACTIVITY INPUT
Feed 184 740 136160
Total input 136160
ACTIVITY OUTPUT
Treated Solids 1592 883 14057
6th Extraction Solids 7 418 293
9th Extraction Solids 87 44 2 385
Composite Extract (1-6) 94467 143 135088
Composite Extract (7-12) 9640 1 0146 1407
Total Output 151230
TOTAL INPUT 136160
TOTAL QUTPUT 151230
PERCENT RECOVERY 111.1% |Percent Removal 88 1%
Soil No 1, Citric Acid/Peroxide Test
Net
Concentration, Activity,
tem Description Mass,g pCllg pCi
ACTIVITY INPUT
Feed 184 740 136160
Total Input 136160
ACTIVITY OUTPUT
Treated Solids 144 4 833 12029
6th Extraction Solids 9 324 292
oth Extraction Solids 108 354 382
Composite Extract (1-6) 90813 133 120781
Composite Extract (7-12) 92428 0335 3096
Total Output 136580
TOTAL INPUT 136160
TOTAL OUTPUT 136580
PERCENT RECOVERY 100.3% |Percent Removal 88 7%
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Soil No 2 Total Solids = 89%

Soil No 2 Total Solids = 89%

Pu Balances
Soil No. 2, Citrate/Dithionite Test
Net
Concentration, Activity,
ltem Description Mass,g pCi/g pCi
ACTIVITY INPUT
Feed 178 1350 240300
Total Input 240300
ACTIVITY OUTPUT
Treated Solids 148 1 102 15106
6th Extraction Solids 66 971 641
9th Extraction Solids 103 108 1112
Composite Extract (1-6) 94597 186 175950
Composite Extract (7-12) 95858 0298 2857
Total Output 195666
TOTAL INPUT 240300
TOTAL QUTPUT 195666
PERCENT RECOVERY 81.4% |Percent Removal 924%
Soil No. 2, Citric Acid/Peroxide Test
Net
Concentration, Activity,
ltem Description Mass,g pCi/lg pCi
ACTIVITY INPUT
Feed 178 1350 240300
Total Input 240300
ACTIVITY OUTPUT
Treated Solds 1333 355 47322
6th Extraction Solids 55 428 235
9th Extraction Solds 73 278 2029
Composite Extract (1-6) 96715 166 160547
Composite Extract (7-12) 9652 4 0911 8793
Total Output 218927
TOTAL INPUT 240300
TOTAL OUTPUT 218927 _
PERCENT RECOVERY 91.1% |Percent Removal 73 7%
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Pu Balances
Vegetation, Citrate/Dithionite Test
Net
Concentration, Activity,
ltem Description Mass.g pCi/g pCi
ACTIVITY INPUT
Feed 29 620 17980
Total Input 17980
ACTIVITY QUTPUT
Treated Solids 25 226 565
6th Extraction Solids 15 166 25
9th Extraction Solids 22 192 42
Composite Extract (1-6) 48768 521 25408
Composite Extract (7-12) 4891 2 0113 553
—————————
Total Output 26593
TOTAL INPUT 17980
TOTAL OUTPUT 26593
PERCENT RECOVERY 147.9% |Percent Removal 96 4%

Vegetation Total Solids = 29%




