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1. INTRODUCTION

This report documents the laboratory results of RPP-PLAN-35958, Test Plan for the Effluent
Treatment Facility to Reduce Chrome (V1) to Chrome (I11) in the Secondary Waste Stream.

With the exception of the electrochemical corrosion scans, all work was carried out at the Center
for Laboratory Science (CLS) located at the Columbia Basin College. The clectrochemical
corrosion scans are attached as Appendix A. The full CLS report is attached as Appendix B.
This document summarizes the work carried out at CLS and includes the electrochemical scans
and associated corrosion rates for 304 and 316L stainless steel.

The reduction of Cr'® to Cr*® will decrease the mobulity of chromium in the environment;
allowing the waste stream from the Effluent Treatment Facihty (ETF) thin film dryer to pass the
SW-846 Method 1311, “Toxicity Charactenstic Leaching Procedure” (TCLP), for final disposal
in the Environmental Restoration Disposal Facility (ERDF) landfill (WHC-191, Environmental
Restoration Disposal Facility Waste Acceptance Criteria). The concentration limits for
chromium at the ERDF are established using the chromium limits in Title 40, Code of Federal
Regulations, §268.48, “Land Disposal Restrictions - Universal treatment standards™

(40 CFR 268.48), of 0.6 mg/L by the TCLP method.

An earlier successful effort used sodium metabisulfite to reduce Cr (VI) to Cr (I1I) under an
oxidation reduction potential of +280 mV and acidic (pH 2) conditions (RPP-RPT-34083,
Reduction of Chrome(V1) to Chrome(Ill) using Sodium Metabisulfite under Acidic Conditions).

However, under acidic conditions it was found that the bisulfite attacks the protective chrome
coating 1n 304 and 316L and yields the material unsuitable for processing chloride containing
water [RPP-RPT-35175, Corrosion Study for the Effluent Treatment Facility Chrome (VI)
Reductant Solution Using 304 and 316 Stainless Steel].

The literature has reported several candidates for the reduction of Cr (VI) “Alternative
Chromium Reduction and Heavy Metal Precipitation Methods for Industrial Wastewater™
(Chang 2003) reports on the use of sodium metabisulfite, ferrous sulfate, zero-valent 1ron, and
dimethyl dithiocarbamate From the candidates tested, the sodium metabisulfite and the ferrous
sulfate were the most promising (Chang 2003)

“Overview of [n Situ Remediation Case Studies,” in Chromium (VI) Handbook (Jacobs and
Rouse 2005) indicates sodium metabisulfite, hydrogen sulfide, ferrous sulfate, and calcium
polysulfide as suitable reductants.

Since sodium metabisulfite has proven not to be a candidate at the ETF due to corrosion
properties, it was therefore eliminated in this study Hydrogen sulfide is considered a dangerous
chemical and was not considered in this testing.
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The candidate reductants considered are ferrous sulfate and calcium polysulfide. The respective
reactions are the following (Jacobs and Rouse 2005):

Acidic conditions
14H" + 6F*" + Cr.07 — 6F® + 2CP" + 7TH0 (1)
Neutral or alkaline -
3Fe™ + CrOf + 4H,0 — 3F™ + CFT + 8OH (2)
Calcium polysulfide (CaSs)
10H® + 2CrO/ + 3CaSs(s) — 3Ca®" + 2Cr(OH)s(s) + 158(s) + 2H,0 (3)
According to “Calcium polysulfide remediation of hexavalent chromium contamination from
chromite ore processing residue” (Graham et al 2002), reaction 3 rapidly reduces Cr (VI) over a

pH range of 8 to 12.

2. MATERIALS AND METHODS

Synthetic groundwater simulant brine was formulated and served as the matnix for spiking
chrome (VI) and chrome (III) during the study (Table 1)

Table 1. Synthetic Groundwater Brine Simulant.

Compound Mass (mg)
CaCl, 13,513.68
CaS0, 65,579 51
K550, 4,390 12
Mg(NO,), 46,773 69
NaNO; 169911 3
Na,0-Si0, 25,793 77
H,S0," 67,044.79

Sum 393,006.87
pH range’ 3.5t06

% If needed, ptl will be adjusted with sodium hydroxide or sulfunc acid

2.1 ELECTROCHEMICAL CORROSION SCANS

Cyclhe potentiodynamic polanization scans was carried out on the following combinations, using
304 and 316L stainless steel coupons:

a. The groundwater simulant at a pH of 3.5 to 6 (as formulated).
b. The groundwater simulant with ferrous sulfate at the correct stoichiometry,
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Table 2 is the formulation provided by CLS for electrochemical corrosion testing.

Table 2. Synthetic Groundwater Brine for Electrochemical Analysis.

Compound Mass (g) Mass (g)
CaCl, 13.5136 13 5136
CaSQ;, 65.5795 65 5795
K;S0, 43901 4 3901
Mg(NOs); 46 7736 46 7736
NaNQ; 1699113 1699113
Na,O-510; 25,7937 25 7937
FeSO, NA [ 39°
Deionized water 674 0382 672 6482

" Based on 5 mL of a 1M solution

2.2 CHROME REDUCTANT TESTING

Based on the anticipated concentration of chrome (VI), synthetic groundwater brine simulant
was prepared, chrome (V1) added, and the candidate reductant added in a imed/volumetric
manner.

Final confirmation of the efficacy of the candidate reductant was confirmed by submitting

samples to the inductively coupled plasma spectrometry and ion chromatography for total
chrome and chrome (V1) concentrations.

2.3 TOXICITY CHARACTERISTIC LEACHING PROCEDURE

A TCLP was carried out based on the matrix in Table 3.

Table 3. Toxicity Characteristic Leaching Procedure Matrix (+ = spike; - = no spike).

Source pH Cr (VI) Spike Cr (III) Spike
Simulated groundwater 10 + +
(~39 wt%) 11 + +
12 -+ +
Sodium sulfate 10 # +
(~25 wt%) 11 + +
12 + +
Ferrous sulfate 10 - -
[after reaction with Cr (V)] 11 - -
12 - -
Calcium polysulfide 10 - -
[after reaction with Cr (V)] 11 - -
12 - -
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The solutions indicated 1n Table 3 were dried at 365 °F (185 °C) to simulate the ETF drier After
drying, a TCLP was carried out to determine what mass of chrome leached.

3. RESULTS

Laboratory results from the CLS effort are presented in dctail in Appendix B. A discussion of
the individual samples for TCLP preparation and the sample specifications are presented in
Tables 2 and 3 of Appendix B. The summary of averaged analytical results are presented in
Appendix B and reproduced here in Table 4

Table 4. Summary of Analytical Results.

Ferrous Average Average
Spike Sulfate Cr(VI) Total Cr
Leacheate (100 ppm) Adjusted pH* Reduction (ppm) (ppm)

Na,SO, Cr(1I) 10 NA 006 029
Na,SO, Cr(H) 11 NA 0 0032 0.057
Na, SO, Cr(III) 12 NA 0007 0.064
Na,SO4 Cr(V1) 10 NA 18 19
Na,SO, Cr(VI) 11 NA 15 14
Na,SO,4 Cr(VI) 12 NA 20 20
Groundwater Cr(III) 10 NA 17 17
simulant
Groundwater Cr(111) 11 NA 3.2 16
simulant
Groundwater Cr(11I) 12 NA 27 14
simulant
Groundwater Cr(VI) 10 Yes 16 19
simulant
Groundwater Cr(VD) 11 Yes 16 19
simulant
Groundwater Cr(VI) 12 Yes 16 18
simulant
Groundwater Cr(VID) 10 NA 0.18 13
simulant
Groundwater Cr(VI) 11 NA 0.25 12
simulant
Groundwater Cr(VID) 12 NA 029 71
simulant

*The pH was adjusted prior to evaporation
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Table 5 provides the results of the clectrochemical scans.

Table 5. Results of Electrochemical Scans.

Groundwater Simulant without Groundwater Simulant with
Ferrous Sulfate Ferrous Sulfate
Steel : :
Corrosion Corrosion
OCP* Rate (mpy)" P ocCP Rate (mpy) i
304 -161.9 1.8E-02 862 -148 7 2.5E-02 2.71
316L -168 9 1 2E-02 167 -164.4 1 38E-02 4.29

*ocp = Open circult potential, the rest potential of equilibrium potential between the metal and solution
"mpy = muls per year (1 mil = 0 001 inch)

“yt The goodness-of-fit statistic for corrosion rate calculations, a value <100 1s acceptable

il

4. DISCUSSION

The ferrous sulfate was successful 1n reducing the Cr (V1) to Cr (III) Calcium polysulfide was
marginally effective and produced offensive odors during the reduction step and therefore was
determined to not be a suitable process for the ETF. From the electrochemical scans, general
corrosion was approximately 1E-02 mils per year.

The reduced chrome did exhibit some partial re-oxidation during the drying process, which
yielded a crystalline form.

The crystalline matrix was subjected to the TCLP. This resulted in complete dissolution of the
sample, allowing chrome to no longer be contained m a binding matrix, which allowed it to pass
through the filter media during the filtering step. This was due to the elevated solubility of
Cr(OH); 1n the slightly acidic conditions for the TCLP leach solution

The process to reduce Cr (VI) was successful in the groundwater brine To pass TCLP, it is
recommended that the reduced brine be grouted in a cementitious matrix.
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Appendix A

Electrochemical Scans
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Figure A-1. 304 Stainless Steel without Ferrous Sulfate, the Reverse Trace is a Negative
Hysteresis, Returning to the Left of the Forward Trace.
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Figure A-2. 304 Stainless Steel with Ferrous Sulfate, the Reverse Trace is a Negative
Hysteresis, Returning to the Left of the Forward Trace.
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Figure A-3. 316L Stainless Steel without Ferrous Sulfate, the Reverse Trace is a Negative
Hysteresis, Returning to the Left of the Forward Trace.
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Figure A-4. 316L SS with Ferrous Sulfate, the Reverse Trace is a Negative Hysteresis,
Returning to the Left of the Forward Trace,
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Appendix B

Center for Laboratory Sciences Report
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The CLS staff operated under the instructions presented in the CH2M Hill Hanford project Test Plan
(RPP-PLAN-35958) and under the guidance of CH2M Hill and Fluor Hanford technical staff The
premuse of this test plan 1s that chromum present in the waste stream in the hexavalent state can be
reduced to the less mobile trivalent state and then sequestered so as to be impervious to the acid

digestion involved with the EPA Method 1311 Toxicity Characteristic Leaching Procedure (TCLP).

Literature review resulted in several candidate reductants, all of which were excluded within the test
plan introduction except for ferrous sulfate and calcium polysulfide Per the test plan, the following
chemical equilibria are predicted to be operative during the reduction activities:

Neutral or alkaline conditions:

Employing ferrous sulfate (FeSO,) as the reducing agent:
3Fe* gy + CrOf (g + 4H0 M2> 3 Fe¥* () + Cr* () +8OH

Acidic Conditions.

Employing calcium polysulfide (CaSs) as the reducing agent
10 H" + 2Cr042‘(aq) + 3Ca85(,) — 3C23+(3q) g ZCF(OH);;(S) +ISS(5) +2H,0

According to both equilibria, the reduction of the hexavalent chromium will result in the precipitation of

insoluble chromum (111) hydroxide

Formulation for groundwater brine (~39wt %), simulated to represent the influent to the Thin Film
Dryer at the Effluent Treatment Facility, was provided in the RPP-PLAN-35958 CLS was also
mstructed to prepare a sodium sulfate solution (~25wt %). The sodium sulfate solution 1s included

this project to represent a resin regeneration solution employed at ETF.

Evaporation of simulated groundwater brine and sodium sulfate samples spiked with hexavalent
chromium and then reduced by the ferrous sulfate or Ca-polysulfide under 185°C will simulate the
conditions at the ETF drier.  Once desiccated and subjected to Toxicity Leaching Characteristic
Procedure (TCLP) digestion, Inductively Coupled Plasma-Mass Spectroscopy (ICP-MS) analysis will

address the suitabihity of the waste for disposal

B-5
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The activities undertaken at CLS fall into six phases

10

2.0

30

40

50

6.0

1.1

Preparatory Work

1.1 Preparation of the simulated groundwater brine, sodium sulfate and ferrous sulfate
solutions

1.2 Fortification of the simulated groundwater brine and sodium sulfate solution with Cr (111)
and Cr (V1) standard solutions

Testing of the reduction of hexavalent chromium to trivalent chromium by ferrous sulfate and

calcium polysulfide

Preparation of 100 ppm Cr (III) and Cr (VI) fortificd sodium sulfate and groundwater simulant

samples

Preparation of the chromium fortified sodium sulfate and groundwater simulant and solutions per

EPA method 1311, Toxicity Leaching Charactenistic Procedure (TCLP)

Analysis of TCLP extracts using EPA 200 8 ICP-MS analysis for metals and EPA method 218.6

lon Chromatography (IC) analysis for hexavalent chromium

Preparation of simulated groundwater brine for submussion to 2228 for electro-chemicat analysis,

Preparation of the simulated groundwater brine, sodium sulfate, and ferrous sulfate

solutions

RPP-PLAN-35958 directed a simulated groundwater to be prepared from the reagents and masses as

listed in Table | The pH of the solution was to be adjusted with concentrated H,SQO, to fall in the range

of 3 5-6 0.
Table 1: Synthetic Groundwater Brine Simulant Preparation
RPP-PLAN-35958 RJLG, CLS RJLG, CLS

Formulation Batch 1 Batch 2

Volume Detonized Water | Liter 2 Liters 2 Liters
Compound grams Actual grams Actual grams

CaCly 13.5136851 27.0389 27 0274

CaS0y 65 57951 131 1572 131 159

K2504 439012 8.7812 878024

Mg(NO;)2 46.77369 93 5602 93 5474

NaNO; 1699113 339 8248 339 8226

NaO-5:0; 25 79377 51 5891 41 5875

B-6
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The groundwater simulant was prepared 1n two 2 liter batches as per Table | and combined nto one 4
liter flask Following thorough mixing, the initial pH of the simulated groundwater was 5.92. Titration
with concentrated H>SO4 and monitored with a Thermo-Orion ' 3-Star pH meter resulted in the final pH
of 5.43

The groundwater brine was split into five 400 ml portions and each spht was fortified to 100 ppm

trivalent or hexavalent chromium Section 1 2 presents the details for the Cr fortifications.

Sodium sulfate solution preparation
A total of 4 liters of 25% sodium sulfate solution was prepared in two 2 liter batches as follows

. 500 g NaSOQ4 (American Chemical Society (ACS) grade 99.0% mmimum) CLSID
CI020508Q0Q was transferred to a clean 2 L class A volumetric flask, certification #0007.
Approximately | 8 liters of deionized water was added to flask.’

. 500 g NazSO4 (ACS grade 99 0% minimum) CLSID  CI020508SS was transferred quahtatively
to a clean 2 L class A volumetric Flask, certification #0054  Approximately | 8 lters of
delonized water was added to flask

The two volumetric flasks were subjected to agitation on shaker table and heated to induce solution of
the Na;SO4. Once in solution, the flasks were brought to the 2L mark with deionized water
The sodium sulfate solution was nitially sphit into three 300 m! and three 660mlL. portions for

preparation of chromium spiking to a final 100 ppm Cr** or Cr®* concentration

Ferrous sulfate solution preparation:

A total of 100 ml of ferrous sulfate solution was prepared as follows:

. 27 801 g FeSOy4 (ACS reagent grade) was transferred quantitatively to a 100 ml volumetric flask
Deronized water was added to the flask to a final solution volume of 100 ml The ferrous 1ron

concentration was made at 1 molar

1.2 Fortification of the simulated groundwater brine and sodium sulfate selution with Cr (1)

and Cr (V1) standard solutions

! I'hermo-Orion 15 a registered trademark of the Thermo Scientific Corporation. Waltham. Massachusetts.

B-7
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Trivalent chromium spike solution:
Single element trivalent chromum standard at a concentration of 10,000 pg/mL (Lot #E00369A, CLS
ID #MR0O42407G), was employed to generate 100 ppm Cr’* concentration No preparation of the
standard solution was necessary Spike volume to bring the sodium sulfate and groundwater brine
aliquots to 100 ppm Cr’* were calculated based on the volume of the ahiquot and transferred via pipette.
° Spike volume for 100 ppm Cr concentration using NayCrOy.

Vistiat = ((Veina{Coral)/ Crasnat

Vst volume of stock reagent required to yicld necessary concentration
Ciawa toncentration of stock reagent
Vina  final volume required (sample volume)

Coma  final concentration required

Example spike volume to prepare a 100 ppm sodium sulfate solution
Ve = ((0 300 LY(100 mg/L)Y10° mg/L
Vima = 3.0 mt Cr** standard

Hexavalent Chromium spike material:
The Cr®* standard material was composed of a Na,CrOy4" 4 H»0O solid reagent (Lot #534816, CLS ID
#MRO020708A)

. Mass of NayCrQy required for a spike of 100 ppm Cr®* concentration:

{FW Na,CrO,4 411,0 g/mol/MW Cr g/mol) * required linal concentration mg/L * sample volume Liters
. Na,CrQ4* 4 Hy0 mg to prepare a 100 ppm Cré" sample.

{234 04 g/mol/52 g/mol) * 100 mg/l. * 0660 L. =297.05 mg Na,CrOy: 4 H,0
o (for cach of three 660 ml Na,SQ, samples)

(234 04 g/mol/52 g/mol) * 100 mg/L, * 200 [, =900.2 mg Na,CrO, 4 1,0
s (135 g Na,CrOy 4 H,0 for cach of six 300 ml groundwater brinc samples)

2.0  Testing the reduction of hexavalent chromium to trivalent chromium by ferrous sulfate

and calcium polysulfide

Oxidation/Reduction potential testing of the two hexavalent chromium reductant candidates was

conducted by the Fluor Hanford and CH2M Hill Hanford technical staff During this testing, calcium

B-38



RPP-RPT-37878, Rev. 0

RJ LecGroup, Inc Project Number GALB01937
RJ LeeGroup, Inc CLS Document Control Number CLSRP I-0802

polysulfide was rejected as a potential reducing agent The CLS analytical staff was nstructed to
continue preparation and analysis with ferrous sulfate as the only reductant. The CLS staff was also
instructed to add a 5 ml volume of ferrous sulfate to the fortified simulated groundwater samples
decanted for cvaporation and TCLP preparation (300 ml total volume at 100 ppm Cr*"). All HACH ?
Chromium VI meter testing was conducted by the Fluor Hanford and CH2M Hill Hanford technical

personnel
3.0 Preparation of 100 ppm Cr (IIT) and Cr (VI) sodium and groundwater simulant samples

Table 2 defines the attributes of fifteen 500 ml beakers prepared for evaporation and eventual TCLP
digestion. Prior to evaporation, the solutions fortified with either Cr** or Cr®" were titrated with NaOH
to pH of 10, 11 and 12.

The beakers were then subjected to evaporation in a two step process. The initial evaporation occurred
in a 95° C oven for approximately 110 hours The temperature was then elevated to 185°C for an
additional 24 hours.

During evaporation, the sodium sulfate solutions formed large well defined crystals. The evaporated

groundwater samples dried to solid dense material.
Table 2 presents the aliquots of the sodium sulfate and groundwater samples that were established for

evaporation for final TCLP digestion and analysis The table also illustrates the trivalent and hexavalent

chromium spiking and reduction by ferrous sulfate where appropriate.

B-9



RPP-RPT-37878, Rev. 0

RJ LeeGroup, Inc Project Number GALS01937
RJ l.eeGroup, Inc CLS Document Control Number CLSRPT-0802

Table 2: Sample Specifics for TCLP Preparation

NaOH C Arl;?t:‘[}t Vo?P the Ferrous
Source adjusted i 9 YMEOT | Sulfate | ICP/MS and IC Sample IDs
Fortification | Volume | mg for 100
pH Reduction
(mL) ppm
10 Cr3* 300 3.0ml No WAO030120080048  001-003
1 Cr3* 300 30ml No WAQ30120080048  004-006
3+ o
I 12 Cr 300 30ml No WAOQ30120080048  007-009
0
(B 10 Cré* 660 | 29705 mg No WAO030120080048  010-012
1 Crb+ 660 297 05 mg No WAO030120080048  013-015
12 Cré+ 660 297 05 mg No WAO030120080048  016-018
10 Cr3* 300 30ml No WAO030120080048  019-021
1! Cri* 300 30ml No WAQ30120080048  022-024
12 Cri+ 300 30ml No WAO030120080048  025-027
10 Crb* 300 135 mg No WAQ30120080048  028-030
Simulated
Groundwater 11 Crét 300 135 mg No WAQ030120080048 031-033
Brine

12 Cré+ 300 135 mg No WAO030120080048  034-036
10 Cré* 300 135 mg 6 mi WAQ30120080048  037-039
11 Gret 300 135 mg 6 ml WAO030120080048  040-042
12 Crét 300 135 mg 6 ml WAQ30120080048  043-045

4.0  Preparation of the evaporated groundwater simulants and Sodium Sulfate solutions using
EPA method 1311 (RJLG, CLS LAP-032) Toxicity Leaching Characteristic Procedure
(TCLP)

Once evaporated, the remamning solids were pulverized in their containers (500mL beakers)

Approximately 5 g from each of the pulverized solids were tested for determiation of extraction fluid

per EPAI311

EPA Method 1311 specifies leaching material in one of two extraction fluids based on the pH of a § g

sample in delonized water If the pH 1s <5 then extraction fluid #1 is used Extraction fluid #2 1s
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used for a pH of >5 which requires the use of 3.5 mL of IN HCL and heating to 50 degrees C. The test
sample is maintained at 50 degrees C and then allowed to come to room temperature. The method

further requires a leachant to leachate ratio of 1: 20.

The evaporated sodium sulfate solutions required the use of extraction fluid #2, while the evaporated
groundwater simulants required extraction fluid #1. Approximately 100g of solids were used for

leaching all TCLP preparations. Table 3 provides the TCLP sample specifics.

The extraction fluid and 100 g portions were rotated at ~30 RPM for a period of 18 hours at room
temperature (23 degrees C plus or minus 2 degrees) room temp, in accordance with EPA 1311. During
the rotation process sample WA100320080048 (007-009) leaked approximately 40% of its solution.

Rotation continued to completion once the spill was contained and cleaned.

As Figure | illustrates, the CrVI fortified samples exhibited strong color providing visual indication of

the dominate chromium oxidation state.

Figure 1 Post TCLP Leached Groundwater Samples

At the conclusion of the rotation process it was evident that the greater portion of the 100 grams of
solids exposed to the TCLP extraction solution in each TCLP extract dissolved. The undissolved solids
from the simulated groundwater simulant formed a heavy white particulate. When agitated, this
particulate settled rapidly to the bottom of the container. Therefore, the groundwater simulants were not

filtered prior to further digestion.



Table 3: TCLP Sample Specifications

RPP-RPT-37878, Rev. 0

RJ LeeGroup, Inc Project Number GAL801937
RJ LeeGroup, Inc CLS Document Control Number CLSRPT-0802

G| sompletor | SO | pracion || BmOF
Source ICP/MS and IC Sample IDs p Sample for | "™ | Extraction
Fortification | Extraction Fluid ;
Digestion Fluid
Fluid
WAQ030120080048  001-003 Cr+ 50463 712 2 1427 5
WAD30120080048 004-006 8 g 49891 68 8 2 1377 2
WAQ30120080048  007-009 Cr3t 5038 687 2 1394 5
Sodium Sulfate
(25 wt %)
WAQ30120080048 010-012 Crt+ 5 0009 1003 2 2005.8
WAQ30120080048  013-015 Crét 50497 1003 2 2006 4
WAO030120080048 016-018 Cré* 51486 100 2 20017
WAO030120080048  019-021 Cr3+ 51949 48.7023 1 974 046
WAO030120080048  022-024 Cre 50762 48 9396 1 978 792
WAUQ030120080048  025-027 Cr3t 50022 50 5696 1 1011 392
WAUQD30120080048  028-030 Cré+ 5.0585 502193 1 1004 386
Simulated
Groundwater | WAO030120080048  031-033 Crét 5 0606 47 3263 1 946.526
Brine
WAQ030120080048 034-036 Cré* 5107 46 3983 1 927 966
WAOQ30120080048  037-039 Cré* (R) 50703 50416 1 1008 32
WAO030120080048 040-042 Cro*(R) 50745 49 2752 1 985 704
WAOQ30120080048  043-045 Cre*(R) 50841 48.8004 1 976 008
(R) Indicates reduction with FeSO,
5.0  Analysis of TCLP extracts using EPA 200.8 ICP/MS analysis for metals and EPA method

300.0 IC analysis for hexavalent chromium

The TCLP extracts produced from section Il were prepared for analysis of total Cr by ICP-MS To

ensure data validations, three samples of each TCLP leachate were drawn from the parent solution for

Page 12 of 35
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total chromium analysis The TCLP extracts were digested and prepared according to EPA method
3005A, “Acid Digestion of Waters for Total Recoverable or Dissolved Metals for analysis by FLAA or
ICP Spectroscopy” Following preparation, all samples were analyzed using EPA method 200 8 (RJLG,
CLS LAP-030), “Determination of Trace Elements in Waters and Wastes by [CP-MS *

An additional 3 samples were drawn from each leachate for hexavalent chromium analysis The
samples were prepared and analyzed by EPA method 218.6 (RILG, CLS LAP-007) “Determination of
Hexavalent Chromium i Drinking Water, Groundwater and Industrial Wastewater Effluents and in
PVC Filters by [on Chromatography using EPA Method 218.6”

Discussion of Analytical Results

The complete total chromum (ICP-MS analysis) and hexavalent chromium (IC analysis) analytical
reports are presented 1n attachments A and B respectively Table 4 presents a summary of the averaged

values for each TCLP leachate.

The pH of the post rotation TCLP extracts was approximately 4-6 for all samples. According to the
redox equilibria for iron sulfate and sodium chromate n the presence of sodium hydroxide, the ferrous
iron reduces chromium 1n the hexavalent oxidation state to the trivalent oxidation state

3Fe™ 1g) + CrO (o + 4H,0 B> 3 Fe™ o+ CrF (+ 9 OH

Based on the above equation, the resulting chromium product should then be insoluble Cr(OH);
Cr(OH); s relatively insoluble in a pH range of 7.0 to 8 5. Based on the total chromium ICP-MS
results (>5 ppm chrome for all groundwater samples) the pH adjustment to 10, 11 and 12 did not

maintain chromium in an insoluble state throughout the preparation and analytical processes

Following the TCLP extraction the pH of the solutions was in the range of 4-6. The TCLP leaching
process in the acidic environment of extraction fluids resulted in the dissolution of the Cr(OH); Visual
inspection of the extracts supports this conclusion as does the ICP-MS data. The average total
chromium results from the [CP-MS data are relatively similar throughout the experiment regardless of

the addition of the ferrous sulfate. The ICP-MS results demonstrate the inability of the pH adjustment
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and FeSO, reduction to sequester the chromium such that the TCLP extraction according to EPA

Method 1311 will not mobilize the chrome

However, the IC results for the FeSO, reduced samples indicates that the reduction of the hexavalent
chromium 1s stable following the TCLP extraction The 1C preparation and analysis of the 3 TCLP
solutions fortified to 100 ppm Cr®" and the 3 TCLP solutions fortified to Cr®" and reduced with FeSO,
was performed twice to venfy the resulting hexavalent chromium concentrations. In both analytical
runs, the hexavalent chromium concentrations were less than | ppm The preparation for IC analysis
requires adjustment of the pH to 9 The solutions were visually inspected following this adjustment, and
no color change was evident. From a qualitative perspective, this supports the actual 1on

chromatography results
The ICP-MS and IC analysis of the sodium sulfate fortified to 100 ppm trivalent chromium has been

rejected for reporting purposes The reaction of a sodium sulfate solution fortified with 100 ppm Cr >

and subjected to pH adjustment with NaOH does not support the sequestering of chromium.
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Table 4: Summary of Analytical Results
531“[1)P|e Leachate Description Fortification Atlpudad s A‘g:‘ige ?:;Hg‘:

S pH Reduction ppm -
001-003 Sodium Sulfate 100 ppm Cr 3+ 10 0060 029
004-006 Sodium Sulfate 100 ppm Cr 3+ 11 00032 0057
007-009 Sodium Sulfate 100 ppm Cr 3* 12 0 0070 0.064
010-012 Sodium Sulfate 100 ppm Cr &+ 10 18 19
013-015 Sodium Sulfate 100 ppm Cr &* 11 15 14
016-018 Sodium Sulfate 100 ppm Cr &* 12 20 20
019-021 Groundwater Sumulant 100 ppm Cr 3* 10 L7 17
022-024 Groundwater Stmulant 100 ppm Cr 3+ 11 3.2 16
025-027 Groundwater Stmulant 100 ppm Cr 3+ 12 2.7 14
028-030 Groundwater Simulant 100 ppm Cr &* 10 16 19
031-033 Groundwater Simulant | 100 ppm Cr #* 11 16 19
034-036 Groundwater Simulant 100 ppm Cr &+ 12 16 18
037-039 Groundwater Simulant 100 ppm Cr & 10 Yes 0.18 13
040-042 Groundwater Simulant 100 ppm Cr % 11 Yes 0.25 12
043-046 Groundwater Simulant 100 ppm Cr 5 12 Yes 0.29 7.1
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6.0  Preparation of simulated groundwater brine for submission to 2228 for electro-chemical

analysis
Table 5: Synthetic Groundwater Brine Simulant Preparation for Electro-
Chemical Analysis at 2225
RPP-PLAN-35958 | RJLG, CLS RILG, CLS

Formulation Batch 3 Batch 4

Volume Detonized Water 1 Liter 1 Later 1 Liter
Actual Actual

Compound grams

grams grams

CaClz 13 5136851 13 5167 13.5130

CaSOy 65.57951 65 5801 65 6084

K504 439012 43897 44046
Mg(NO3)2 46 77369 46 7715 46 7690
NaNQ; 1699113 169 9092 169.9201
Na;O-510, 2579377 257909 25 7934

Two additional batches of the groundwater brine simulant were prepared per the above table for electro-
chemical analysis The pH of both batches was approximately 5 A 5 mi volume of 1M FeSO; was
added to batch 4 The two 1 Iiter simulated groundwater brine simulants were manifested to CH2M Hill

Hanford on April 4, 2008 (the chain of custody is attached as appendix D)

All work on this project was performed v conjunction with all hygiene and safety precautions as
prescribed in the CLS Chemical Hygiene/Safety Plan, CLS Quality Assurance Manual and the

Hanford Analytical Services Quality Assurance Requirements Document.

All samples created during this project will be archived at the RJ Lee Group CLS facility for 90 days or
rehnquished to CH2M Hill. Active chain of custody will be maintained until final disposal or transfer of
custody 'All waste including samples at the end of the archival period unless manifested to CH2M Hiil
Hanford will be disposed of per applicable fedcral and state regulations Quality assurance operations

were documented throughout the project as prescribed in the CLS Quality Assurance Plan
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LABORATORY REPORT

RJ LeeGroup , Inc.| Center for Labaratory Sciences
2710 North 20th Ay enue, Pasco WA 99301
Tel (509) 545-4989 | Fax (509) 544-6010

CH2M Hill

P O Box 1500
Richland, WA 99352
Attn Larry Lockrem
Phone (509)373-4711
Fax

Sample |D

Sodium Sulfate adyusted to pH 10 Cr 3+ Spike
SS pH 10-1 TCLP Cr3+ (NR)
SS pli 10-2 TCLP Cr3+ (NR)
SS pH 10-3 TCLP Cr3+ (NR)

Sodium Sulfate adjusted to pH 11 Cr 3+ Spike
S5 pH 11-1 TCLP Cr3+ (NR)
SS pH 11-2 TCLP Cr3+ (NR)
S5 pH 11-3 TCLP Cr3+ (NR)

Sodium Sulfate adjusted to pH 12. Cr 3+ Spike
SS pH 12-1 TCLP Cr3+ (NR)
S5 pH 12:2 TCLP Cr3+ (NR)
55 pH 12-3 TCLP Cr3+ (NR)

Sodium Sulfate adjusted to pH 10. Cr 6+ Spike.
S5 pH 10-1 TCLP Cré+ (NR)
S5 pH 10-2 TCLP Cré+ (NR)
SS pH 10-3 TCLP Cré6+ (NR)

Sodium Sulfate adjusted to pH 11. Cr 6+ Spike
SS pH 11-1 TCLP Cré+ (NR)
S5 pH 11-2 TCLP Cré+ (NR)
SS pH 11-3 TCLP Cré+ (NR)

Sodium Sulfate adjusted to pH 12. Cr 6+ Spike
S5 pH 12-1 TCLP Cré+ (NR)
§S pH 12-2 TCLP Cré+ (NR)
SS pH 12-3 ICLP Cré+ (NR)

RJLG Job No WA100320080048 Total Chromiom
Analysis Method EPA 200 8, Non-Potable Water

R} Lee Group 1D

WA100320080048-001

WA100320080048-002

WA100320080048-003
AVERAGE

WA100320080048-004

WA100320080048-005

WA100320080048-006
AVERAGE

WA100320080048-007

WAT00320080048-008

WAT100320080048-009
AVERAGE

WA100320080048-010

WA100320080048-011

WA100320080048-012
AVERAGE

WA100320080048-013

WA100320080048-014

WA100320080048-015
AVERAGE

WA100320080048-016

WA100320080048-017

WA100320080048-018
AVERAGE
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mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L

Result

031
029
028
0.29

0061
0 060
0030
0.057

0067
0061
0 064
0 064

19
18
20
19

Qualifier % RPD

RJ Lee Group Job No WA100320080048
Sample Collection 2/8/2008
Samples Recewved 3/10/2008

Report Date 7/15/2008
Analysis/Prep Date 3/14/2008
Preparaton Method EPA 1311
Chent Project Chrome VI -
GALB01937

Quantitation Dilution Factor
Limit (if needed)

B,D 02 10
B,D 13 02 10
B,D 25 02 10
B,D 02 10
B.D 06 02 10
B,D 51 02 10
02
B,D 02 10
B,D 24 02 10
B,D 12 02 10
B,D.J,S 20 1000
B,D.J,S 17 20 1000
B,D,S 14 20 1000
B.D,JLS 20 1000
B, DJS 11 20 1000
B,D,J,S 10 20 1000
B,D,S 20 1000
B,D,)S 17 20 1000
B.D,S 07 20 1000
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LAROBATORY REFORE R] LeeGroup, Inc | Center for Laboratory Sciences

2710 North 20th Ax enue, Pasco WA 96301
Tel (509) 5454989 | Fax (509) 544-6010

CH2M Hill RJ Lee Group Job No  WA100320080048
P O Box 1500 Sample Collection 2/8/2008
Richland, WA 99352 Samples Received 3/10/2008
Attn Larry Lockrem Report Date 7/15/2008
Phone (509)373-4711 Analysis/Prep Date 3/14/2008
Fax Preparation Method EPA 1311

Client Project Chrome VI -

GALB01937

RJLG Job No * WA100320080048 Total Chromium
Analysis Method EPA 200 8, Non-Potable Water

Quantitation Dilution Factor
Limit (if needed)

Sample 1D R) Lee Group 1D Result  Qualifier % RPD

Groundwater Simulant adjusted to pH 10, Cr3+ Spike.

GW pH 10-1 TCLP Cr3+ (NR] WA100320080048-019 mg/L 18 B.D,J.S 20 100
GW pH 10-2 TCLP Cr3+ (NR) WA100320080048-020 mg/L 17 B, DS 05 20 100
GW pH 10-3 TCLP Cr3+ (NR) WA100320080048-021 mg/L 17 B,D,JS 12 20 100
AVERAGE mg/L 17
Groundwater Simulant adjusted to pH 11. Cr3+ Sprke.
GW pH 11-1 TCLP Cr3+ (NR) WA100320080048-022 mg/L 16 B.D,JS 20 100
GW pH 11-2 TCLP Cr3+ (NR) WA100320080048-023 mg/L 16 B.D,JS 01 20 100
GW pH 11-3 TCLP Cr3+ (NR) WA100320080048-024 mg/L 16 B,D,J.S 002 20 100
AVERAGE mg/L 16
Groundwater Simulant adjusted to pH 12 Cr3+ Spike.
GW pH 12-1 TCLP Cr3+ (NR) WA100320080048-025 mg/L 13 B,D,JS 20 100
GW pH 12-2 TCLP Cr3+ (NR) WAT10032008(K48-026 mg/L 15 B,DJS 40 20 100
GW pH 12-3 TCLP Cr3+ (NR) WAT00320080048-027 mg/L 13 B.D.JLS 03 20 100
AVERAGE mg/L 14
Groundwater Simulant adjusted to pH 10 Cr6+ Spike.
GW pH 10-1 TCLP Cr6+ (NR) WA100320080048-028 mg/L 18 B.D, LS 20 100
GW pH 10-2 TCLP Cré+ (NR) WA100320080048-029 mg/L 21 B, DS 38 20 100
GW pH 10-3 TCLP Cré+ (NR) WA100320080048-030 mg/L 18 B.D, LS 05 20 100
AVERAGE mg/L 19
Groundwater Stmulant adjusted to pH 12 Cré+ Spike
GW pH 11-1 TCLP Cré+ (NR) WA100320080048-031 mg/L 19 B.D,JS 20 100
GW pH 11-2 TCLP Cré+ (NR) WA100320080048-032 mg/L 19 B,D,JS 01 20 100
GW pH 11-3 TCLP Cré+ (NR) WA100320080048-033 mg/L 19 B DS 05 20 100
AVERAGE mg/L 19
Groundwater Simulant adjusted to pH 12 Cr6+ Spike
GW pH 12-1 TCLP Cré+ (NR) WA100320080048-034 mg/L 18 B.D,J.S 20 100
GW pH 12-2 TCLP Cré+ (NR) WA100320080048-035 mg/L 18 B,D,JS 03 20 100
GW pH 12-3 TCLP Crét (NR) WA100320080048-036 mg/L 18 B,D,] S 03 20 100
AVERAGE mg/L 18
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LABORATORY REFORT R] LeeGroup , Inc | Center for Laboratory Sciences

2710 North 20th Avenue, Pasco WA 99301
Tel (509) 545-4989 | Fax (509) 544-6010

CH2M Hill Rj Lee Group Job No WA100320080048
P O Box 1500 Sample Collection 2/8/2008
Richland, WA 99352 Samples Recewved 3/10/2008
Attn Larry Lockrem Report Date 7/15/2008
Phone (509)373-4711 Analysis/Prep Date 3/14/2008
Fax Preparation Method EPA 1311

Chent Project Chrome VI -

GALB01937

RJLG Job No - WA100320080048 Total Chromium
Analysis Method. EPA 200.8, Non-Potable Water

Quantitation Dilution Factor
Limit (if needed)

Sample 1D R} Lee Group 1D Result  Qualifier "4 RIPD

Groundwater Simulant + Iron Sulfate adjusted to pH 10

GW+FS pH 10-1 TCLF (R) WA100320080048-037 mg/L 13 B,D, ]S 20 100
GW+FS pH 10-2 TCLP (R) WA100320080048-038 mg/L 12 B,D,JS 16 20 100
GW+FS pH 10-3 TCLP (R) WA100320080048-039 mg/L 14 B,D,JS 05 20 100
AVERACGE mg/L 13
Groundwater Simulant + Iron Sulfate adjusted to pH 11
GW+FS pH 11-1 TCLP (R) WA100320080048-040 mg/L 12 B,D,).S 20 100
GW+FS pH 11-2 TCLP (R) WA100320080048-041 mg/L 12 B, DS 11 20 100
GW+FS pH 11-3 TCLP (R) WA100320080048-042 mg/L 12 B.D,LS 03 20 100
AVERAGE mg/L. 12
Groundwater Simulant + Iron Sulfate adjusted to pH 12
GW+FS pH 12-1 TCLP (R) WA100320080048-043 mg/L 70 BD,S 2 10
GWH+FS pH 12-2 TCLP (R) WA100320080048-044 mg/L 73 B,D,S 09 2 10
GW+FS pH 12-3 TCLP (R} WA100320080048-045 mg/l. 71 B,D,S 04 2 10
AVERACGE mg/L 7.1

* All soltd matnicres reported on a dry weight basis unless otherwise noted
* All values reported without blank correction unless otherwise noted

Analyst Comments Quantitation Lumit 15 based on the lowest point on the calibration curve and dilution factor (where applicable)

Report Qualifiers

D=Dslution apphed lo sample B = Analyte detected in the assocated Method Blank

H = Holding hunes for preparation or analysts ex ceeded S = Spike Recovery oulside accepled recovery linnits

] = Analyie delected below quantitation limit R = RPD (relative percent difference} outsrde accepted recovery lumis

These results are submatted pursuant to R Lee Group's current terms and conditions of sale, including the company's standard warranty and himitation of hahty provisions  No responsibiity or hatlity 15 assumed for the
mmanser 1 mhielt e resulls are used or interpreted  Unless nohfied e writing to return the samples covered by this report, R] Lee Group unil store the samples for o period of Hirly (30) days before discarding A slupping and
handling fee wnill be assessed for the return of any samples

Page 20 of 35

0 A%Y ‘8L8LE-Ld¥U-ddY



RPP-RPT-37878, Rev. 0

APPENDIX B

Ion Chromatography Analytical Report
for Hexavalent Chromium Analysis

Prepared by:
Glynnis Anne Bowman, CHMM
Operations Manager

RJ LeeGronp, Inc.
Center for Laboratory
Sciences

2710 North 20t Avenue
Pasco. WA 9930
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R] LeeGroup , Inc | Center for Laboratory Sciences
2710 North 20th Avenue, Pasco WA 99301
Tel (509) 545-4989 | Fax (509) 544-6010

CH2M Hill

P O Box 1500
Ruchland, WA 99352
Attn Larry Lockrem
Phone (509)373-4711
Fax

Sample 1D

Sodium Sulfate adjusted to pH10 Cr 3+ Spike
SS pH 10-1 TCLP Cr3+ (NR)
S5 pH 10-2 ICLP Cr3+ (NR)
SS pH 10-3 TCLP Cr3+ (NR)

Sodium Sulfate adjusted to pH11 Cr 3+ Spike
SS pH 11-1 TCLP Cr3+ (NR)
SS pH 11-2 TCLP Cr3+ (NR)
SS pH 11-3 TCLP Cr3+ (NR)

Sadium Sulfate adjusted to pH12. Cr 3+ Spike
§5 pH 12-1 TCLP Cr3+ (NR)
S5 pH 12-2'ICLP Cr3+ (NR)
S8 pH 12-3 TCLP Cr3+ (NR)

Sodium Sulfate adjusted to pH 10 Cr 6+ Spike
SS pH 10-1 TCLP Cré+ (NR)
55 pH 10-2 TCLP Cré+ (NR)
S5 pH 10-3 TCLP Cré+ (NR)

Sodium Sulfate adjusted to pH 11 Cr 6+ Spike
5S pH 11-1 TCLP Cré+ (NR)
SS pH 11-2 TCLP Cré+ (NR)
SS pH 11-3 TCLP Cré+ (NR)

Sodium Sulfate adjusted to pH 12. Cr 6+ Spike
SS pl112-1 TCLP Cré+ (NR)
55 pH 12-2 1CLP Cré+ (NR)
55 pH 12-3 TCLP Cré+ (NR)

RJLG Job No WA100320080048 Hexavalent Chromium

Analysis Method EPA 300 0, Non-Potable Water

RJ Lee Group 1D Unils Result
WA100320080048-001 mg/L 0058
WA100320080048-002 mg/L 0061
WAT100320080048-003 mg/L 006

AVERAGE mg/L 0060
WA100320080048-004 mg/L 00033
WA100320080048-005 mg/L 00032
WA100320080048-006 mg/L 00032

AVERAGE mg/L 00032
WA100320080048-007 mg/L 00073
WA100320080048-008 mg/L 00071
WA100320080048-009 mg/L 0 0066

AVERAGE mg/L 00070
WA100320080048-010 mg/L 17
WA100320080048-011 mg/L 18
WA100320080048-012 mg/L 18

AVERAGE mg/L 18
WA100320080048-013 mg/L 15
WA100320080048-014 mg/L 15
WA100320080048-015 mg/L 14

AVERAGE mg/L 15
WAT100320080048-016 mg/L 19
WA100320080048-017 mg/L 20
WA100320080048-018 mg/L 20

AVERAGE mg/L 20

RJ Lee Group Job No WA100320080048
Sampie Collecthion 2/8/2008
Samples Received 3/10/2008

Report Date 7/15/2008

Analysis/Prep Date 3/14/2008

Preparation Method EPA 300 0
Client Project Chrome VI -
GALB01937

Quantitation Dilution Factor
iier " RPD 2
Qualifier B Limit (if needed)

00025

13 00025

09 00025

00025

07 00025

11 00025

00025

05 00025

25 00025
D 025 100
D 13 025 100
D 08 025 100
D 025 100
D 001 025 100
D 05 025 100
D 025 100
B 14 025 100
D 07 025 100
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EABORALORY REECHER RJ LeeGroup , Inc.1Center for Laboratory Sciences

2710 North 20th Avenue, Pasco WA 99301
Tel (509) 5454989 | Fax (509) 544-6010

CH2M Hall R] Lee Group Job No WA100320080048
P O Box 1500 Sample Collectton 2/8/2008
Richland, WA 99352 Samples Received 3/10/2008
Attn Larry Lockrem Report Date 7/15/2008
Phone (509)3734711 Analysis/Prep Date 3/14/2008
Fax Preparation Method EPA 3000

Chent Project Chrome VI -

GALB01937

RJLG Job No WA100320080048 Hexavalent Chromum
Analysis Method EPA 300 0, Non-Potable Water

Quantitation Dilution Factor
Limit (if needed)

Sample 1D R} Lee Group ID Units Result  Qualifier % RPD

Groundwater Simulant adjusted to pH 10 Cr3+ Spike

GW pH 10-1 TCLP Cr3+ (NR) WA100320080048-019 mg/L 16 D 025 100
GW pH 10-2 TCLP Cr3+ (NR) WA100320080048-020 mg/L 1Z D 26 025 100
GW pH 10-3 TCLP Cr3+ (NR) WA100320080048-021 mg/L 17 D 27 025 100
AVERAGE mg/L 17
Groundwater Simulant adjusted to pH 11 Cr3+ Spike
GW pH 11-1 TCLP Cr3+ (NR) WA100320080048-022 mg/L 30 D 025 100
GW pH 11-2 TCLP Cr3+ (NR) WA100320080048-023 mg/L &2 D 16 025 100
GW pH 11-3 TCLP Cr3+ (NR) WA100320080048-024 mg/L 33 D 19 025 100
AVERAGE mg/L 32
Groundwater Simulant adjusted to pH 12 Cr3+ Spike
GW pH 12-1 TCLP Cr3+ (NR) WA100320080048-025 mg/L 27 D 025 100
GW pH 12-2 TCLP Cr3+ (NR) WA100320080048-026 mg/L 29 D 19 025 100
GW pH 12-3 TCLP Cr3+ (NR) WA100320080048-027 mg/E 26 D 07 025 100
AVERAGE mg/L 27
Groundwater Simulant adjusted to pH 10 Cré6+ Spike
GW pH 10-1 TCLP Cré+ (NR) WA100320080048-028 mg/L 16 D 025 100
GW pH 10-2 TCLP Cré+ (NR) WA100320080048-029 mg/L 15 D 14 025 100
GW pH 10-3 TCLP Cré+ (NR) WA100320080048-030 mg/L 16 D 04 025 100
AVERAGE mg/L 16
Groundwater Simulant adjusted to pH 11 Cr 6+ Spike
GW pH 11-1 TCLP Cré+ (NR) WA100320080048-031 mg/L 16 D 025 100
GW pH 11-2 TCLP Cré6+ (NR) WA100320080048-032 mg/L 16 D 01 025 100
GW pH 11-3 TCLP Cré+ (NR) WA100320080048-033 mg/L 15 D 14 025 100
AVERAGE mg/l 16
Groundwater Simulant adjusted to pH 12 Cr 6+ Spike
GW pH 12-1 TCLP Cré+ (NR) WA100320080048-034 mg/L 16 D 025 100
GW pH 12-2 TCLP Cré+ (NR) WA100320080048-035 mg/L 17 D 19 025 100
GW pH 12-3 TCLP Cré+ (NR) WA100320080048-036 mg/L 15 D 12 025 100

AVERAGE mg/L. 16

0 'Y ‘8L8LE-Ld¥-ddY
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LANORATORERERCILT R] LeeGroup , Inc.1Center for Laboratory Sciences

2710 North 20th Avenue Pasco WA 99301
Tel (509) 545-1989 | Fax (509) 54-6010

CH2M Hull R] Lee Group Job No WA100320080048
P O Box 1500 Sample Collection 2/8/2008
Ruchland, WA 99352 Samples Recerved 3/10/2008
Attn Larry Lockrem Report Date 7/15/2008
Phone (509)373-4711 Analysis/Prep Date 3/14/2008
Fax Preparation Method EPA 300 0

Chent Project Chrome VI -

GAL801937

RJLG Job No WA100320080048 Hexavalent Chromium
Amlys:s Method EPA 300 0, Non-Potable Water

Quantitation Dilution Factor
Limit (if needed)

Sample 1D R]J Lee Group 1D Units Result  Quualifier % RPD

Groundwater Simulant, Cr** spike + Iron Sulfate adjusted to pH 10

GW+FS pH 10-1 TCLP (R) WA100320080048-037 mg/L 018 D 025 100
GW+FS pH 10-2 TCLP (R) WA100320080048-038 mg/L 017 D 06 025 100
GW+FS pH 10-3 TCLP (R) WA100320080048-039 mg/L 018 D 002 025 100
AVERAGE mg/L 018
Groundwater Simulant, Cr** spike + Iron Sulfate adjusted to pH 11
GW+FS pH 11-1 TCLP (R} WA100320080048-040 mg/L 026 D 025 100
GW+FS pH 11-2 TCLP (R) WA100320080048-041 mg/L 025 D 060 025 100
GW+FS pH 11-3 TCLP (R) WA100320080048-042 mg/L 025 D 06 025 100
AVERAGE mg/L 025
Groundwater Simulant, Cr** spike + Iron Sulfate adjusted to pH 12
GW+FS pH 12-1 TCLD (R) WAL00320080048-043 mg/L 024 D 025 100
GW+FS pH 12-2"ICLP (R) WA100320080048-044 mg/L 034 D 90 025 100
GW+FS pH 12-3 TCLD (R) WAL00320080048-045 mg/L 028 D 41 025 100
AVERAGE mg/L 029

* All solid matnaes reported on a dry weight basis unless otherwase noted
* All values reported without blank correction unless otherwise noted

Analyst Comments Quantitation Limat 15 based on the lowest pownt on the calibration curve and dilution factor (where applicable)

Report Quialifiers

D=Ddutron applied to sampie B = Analytc detected m the associated Method Blank
H = Holding tanes for preparation or analysis exceeded S = Spike Recovery outside accepted recovery Innits
| = Analyte detected below guantitation lmts R = RPD (relative pereent difference) outside accepted recovery limils

These results are submutted pursuimt to R| Lee Group's currenl terms and conditions of sale, including the compuny s standard warraniy and limatation of hatnlity provisions  No responsibality or labality 1s assummed for the
manner 1t which the results are used or inlerpreted  Unless notificd tn wnitmg to return the samples covered by tins report Ri Lee Group wnil store the smnples for & period of thirty (30) days before discarding A slupping and
handiing fee wiil be assessed for the retury of any samples

0 A9Y "8L8LE-1d¥-ddYd
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RPP-RPT-37878, Rev. 0

RJ LeeGroup, Inc Project Number GAL801937
RJ LeeGroup, Inc CLS Document Control Number CLSRPI-0802

Appendix C: Quality Assurance Report

Recovery of Total Chromium for Samples 001 through 009 (ICP-MS Analysis)

The recovery of total chromium failed to meet expectations for the sodium sulfate samples (001-009)
fortified to 100 ppm chromium [il. Recovery of chromum following TCLP extraction of these samples
was expected to be at least as high as the recovery for the chromium I[II fortified groundwater brine
samples (019-027).

The parent sodium sulfate solutions that resulted in 001 through 009 consisted of deionized water and
ACS grade Na;SO; and the single element trivalent chromium standard (10,000 ppm). No other
materials were added to the solution prior to evaporation Following cvaporation, the samples were
treated as discussed in the report for TCLP extraction—no other materials were added to the evaporites

other than the extraction fluid. The resulting leachate exhibited no color and no precipitates

The RJ Lee Group, CLS staff has researched t hese anomalies and have not determined an

explanation for the ICP-MS results The following considerations were taken into account

e Failure of the fortification delivery mechanism:

Prior to the on start of fortification, the bottle of the single element trivalent chromium standard (10,000
ppm) was unopened and contained a nomnal volume of 10 ml Following the delivery of the three 3 ml
spikes the volume remaining n the standard bottle was approximately 1 ml. No other analytical work
requiring fortification with a trivalent chromium standard solution occurred during the time of the

preparatory work for the RPP-PLAN-35958

¢ Erroneous chromium concentration reported on the label of the standard:
The remaining portion of this standard was analyzed on the ICP-MS on June 19, 2008 and the results

from three sub-samples yielded an average total chromium concentration of 1.04 x 10* ppm

e Failure of the ICP-MS sample induction mechanism to take up the appropriate volume of subsample

If the instrument’s peristaltic pump fails to deliver the appropriate volume of subsample, the

concentration reported on the instrument data sheets can be either greatly exaggerated or undervalued.

B-26
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RJ LeeGroup, Inc Project Number GALB0O1937
RJ LeeGroup, Ine CLS Document Control Number CLSRPT-(0802

These samples were run again via ICP-MS with resulting similar concentrations Three samples, one from
each pH range were also checked with the ICP-AES and the recovery of total chromium was of the same

magnitude as the ICP-MS data

e Failure of the ICP-MS to recover total chromium.

Samples 001 through 009 were analyzed in the same batch run as samples 010 through 018 (fortified to
100 ppm hexavalent chromium). The total chromium recovery for samples 010 through 018 is not in
question and the corresponding hexavalent chromium (IC) results compare very well with the ICP-MS

data for these samples
The batch quality control samples {(calibration verification, calibration blank, detection limit, laboratory
control standard, and laboratory fortified blank) analyzed with samples 001 through 009 in the ICP-MS

istrument run are all within the acceptable toleration range of +/- 25% recovery.

¢ Fractional crystallization during evaporation resulting 1n a non-homogeneous evaporite.

Prior to TCLP leaching, the samples were manually crushed in order to generate a homogenous material
for leaching. A portion of the crushed sample was removed to test for TCLP extraction fluid
determination. The remainder of the sample (minus a portion that adhered to the beaker walls) was

subjected to leaching

In order to rule this mechanism out, the TCLP procedure and ICP-MS analysis would have to be

repeated and there is insufficient material remaining to accomplish this.

Discussion of Analytical Report Qualifiers

Inductively Coupled Plasma-Mass Spectroscopy (Total Chromium Concentration)

. [CP-MS Data B Qualifiers

The reagent blanks prepared and analyzed within the instrument run for the total chromium
concentration analysis were slightly above the level of the detection limit sample (0 02 ppm chromium).
Therefore, the sample data 1s presented with a B qualifier This data was not blank corrected With the

exception of samples 001 through 009 discussed earlier as presenting problematic data, the effect of
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RJ LecGroup, Inc Project Number GALB01937
RJ LeeGroup, Inc CLS Document Control Number  CLSRPT-0802

blank correction at the level of 0 02 ppm would have no cffect on the high chromium concentrations of

the remaining 36 samples

o ICP-MS Data S Qualifiers
The ICP-MS quality control analyses (ICV, DL LCS, LCSD and CCVs) were within the tolerance limits

of +/- 25% with the exception of the analytical batch sample spikes

Samples -013, -022, -025, -034, -040 and -043 exhibited spikes of greater than 145% recovery It 1s
possible that the spike concentration introduced to the sample spht was 0 5 ppm chromium as opposed

to 0 05 ppm chromium

All other sample spikes exhibit a negative recovery as compared to the sample that the spike was spht
from It is likely that the spike concentration of 0 05 ppm was lost within the very high chromum
concentrations of the samples (7.1 through 20 ppm). The allowable statistical variation around the
sample concentration at these values is such that 0 05 ppm addition of chromium 1s not statistically
viable. The spike concentration for this set of samples was cstablished such that if the sequestering of

chromium had been effective, a 0 05 ppm chromium spike would have been recoverable.

Ion Chromatography (Hexavalent Chrominm Concentration)
There were no data qualifiers applied to the hexavalent chromium laboratory report.  All of the IC
quality control analyses (ICV, DL, L.CS, and CCVs) were within the tolerance limits of +/- 25%. All of

the spike concentration recoveries were within the hmuts of +/- 25%
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LABORATORY REPORT

Quality Control R] LeeGroup, Inc | Center for Laboratery Sciences

2710 North 20th Avenue, Pasco WA 99301
Tel (509) 535-4589 | Fax (509) 544-6010

RJLG Job Ne. WA1003200580048 Total Chromium
Analysis Method EPA 200.8, Non-Potable Water

Batch ID Sub-Sample ID QA Type Result Ig:::zz::iiﬁ:: Y Recovery/RPD  Qualifiers Di:;';‘:;g;:(:;m
030608B-589 Icv mg/L 0.04781 005 96
030608B-590 LRB mg/L <002 002
030608B-591 DL mg/L 0.01899 002 95
030608B-592 MB mg/L 0.02096 B
030608B-593 LCS mg/L 007595 003 110
030608B-595 WA100320080048-001-Dup Dup mg/L 0.32956 702 D 10
030608B-596 WA100320080048-001-MS MS mg/L 03653 D05 116 B,D 10
030608B-602 ccv mg/L 005004 005 100
030608B-603 LRB mg/L <0.02 002
(30608B-605 ccv mg/L 0.0455 005 91
030608B-606 LRB mg/L <002
031308A-412 ICV mg/L 0 04702 005 9
031308A-413 LRB mg/L <0,02
031308A-414 DL mg/L 001926 002 96
031308A-417 WA100320080048-004-MS M5 mg/L 0533 05 94 B,D 10
031308 A-420 WA100320080048-007-MS MS mg/L 05193 05 91 B,D 10
031308A-425 ccv mg/L. 004752 005 95
031308A-426 LRB mg/L <002
(31308B440 ICV mg/L 00463 005 926
031308B-341 LRB mg/L <002
031308B-442 DL mg/L 001926 002 96
031308B-443 WA100320080048-010-MS MS mg/L 184778 05 -157 B,D,S 1000
031308B-448 WA100320080048-013-MS MS mg/L, 15 3157 05 308 B,D.S 1000
031308B-449 WA100320080048-016-MS MS mg/L 1933 05 -174 B.D,S 1000
0313088452 ccV mg/L 004634 003 93
031308B-453 LRB mg/L <0 02

0 A9 ‘8LBLE-LdY-ddY
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LABORATORY REPORT

Quality Control R] LeeGroup , Inc | Center for Laboratory Sciences

2710 North 20th Avenue, Pasco WA 99301
Tel (509) 545-4989 | Fax (509) 544-6010

RJLG Job No.: WA100320080048 Total Chromium
Analysis Method: EPA 200 8, Non-Potable Water

Batch 1D Sub-Sample ID QAType  Units F(’:‘gl';:::“:ﬁ:t‘:;:‘ Recovery/RPD  Qualifiers m{'i‘tf l::-:c::.:}h"
031308D-483 IcvV mg/L 046342 05 93
031308D-484 LRB mg/L <0.02
031308D-485 DL mg/L 020158 02 101
031308D-486 LCS mg/L 0.0777 005 114
031308D-487 LCSD mg/L 007467 005 108
031308D-488 MB mg/L 002052 B
031308D490  WA100320080048-019-MS MS mg/L 16,8493 005 -1585 B,D,S 100
031308D494  WA100320080048-022-Dup  Dup mg/L  16.85771 609 D 100
031308D-495  WA100320080048-022-M$ MS mg/L 16 005 005 287 BD,S 100
031308D-496 ccv mg/L 047048 05 94
031308D-497 LRB mg/L <0.02
031308D-501  WA100320080048-025-MS MS mg/L 13.108 005 258 B,D, S 100
031308D-505  WA100320080048-028-Dup  Dup mg/L 1871458 340 D 100
031308D-506  WA100320080048-028-MS MS mg/L 180838 005 a1 B,D, S 100
031308D-508 cev mg/L 04697 05 94
031308D-509 LRB mg/L <002
031308D-512  WA100320080048-031-MS MS mg/L 188528 005 192 B,D, S 100
031308D-516  WA100320080048-034-MS MS mg/L 181052 005 301 B,D, S 100
031308D-520 cev mg/L 048931 05 98
031308D-521 LRB mg/L <0.02
031308D-505  WA100320080048-037-Dup  Dup mg/L 128336 334 D 100
031308D-523  WA100320080048-037-MS MS mg/l. 131984 005 -157 BD,S 100
031308D-527  WA100320080048-040-MS MS mg/L 1211802 005 145 B,D, S 100
031308D-532 ccv mg/L 049277 05 99
031308D-533 LRB mg/L <002

031308D-578 WA100320080045-043-MS MS mg/L 7.38941 005 769 B,D, S 10

0 "A9Y “8L8LE-Ld¥U-ddY



1€-4

LABORATORY REPORT

Quality Control R) LeeGroup, Inc | Center for Laboratory Sciences

2710 North 20th Avenue, Pasco WA 99301
Tel {509) 545-4989 | Fax (509) 544-6010

RJLG Job No.. WA100320080048 Total Chromium
Analysis Method. EPA 200.8, Non-Potable Water

Batch ID Sub-Sample ID QAType  Units Result Ec"ng::zi’f‘:f % Recovery/RPD  Qualifiers []i{!i‘!f‘it’llfifs;"’
031308D-580 ccv mg/L 04917 05 98
031308D-581 LRB mg/L <0.02
031308D-583 ccv mg/L 0.4807 05 96
031308D-584 LRB mg/L <0 02

* All solid matnicies reported on a dry weight basis unless otherwise noted
Analyst Comments

Report Qualifiers

D=Dilution applied to sample B = Analyle detected v tie assocuted Method Blank

H = Holdung tunes for preparation or analysis exceeded S = Speke Recovery outsde accepted recovery hnmits

L = Sample condition at recept out of complance wath method defined conditions R = RPD (relative percent difference) outside accepted recavery liunits

These results are subnutted purswant to Rf Lee Group's current terms and condstions of sale, mcluding the company's standard warranty and hmutation of bialnhity provisions  No responsibility or lability 1s assumed for
the manner m wiuch the results are used or interpreted Unless notified i writing ta return the samples covered by this report, R Lee Group wnll store the samples for a period of tlurly (30) days before discarding A
stupping and handlmg fee unll be assessed for the retwrn of any samples

0 A "8LBLE-LdU-ddY
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LABORATORY REPORT

Quahty Control R] LeeGroup , Inc | Center for Laboratory Saiences

2710 North 2h Avenue, Pasco WA 99301
Tel (509) 5454989 | Fax (509) 544-6010

RJLG Job No : WA100320080048 Hexavalent Chromium
Analysis Method' EPA 300.0, Non-Potable Water

Bateh 1D Sub-Sample 1D QA Type Units Result Eégf:;::ﬁ i’g:: ", Recovery Qualifier IJI{];E‘::,:‘::S; .

X031208 A-004 LRB mg/L <0 0025

X031208A-005 Icv mg/L 0.095253 01 95
X031208A-007 LCS mg/L 0009228 001 92
X031208A-010 DL mg/L 0001982 00025 79
X031208A-020 Cey mg/L 0093454 01 93
X031208A-021 LRB mg/L <0 0025

X031208A-030 WA100320080048-001-MS MS mg/L 0106054 005 96
X031208A-031 WA100320080048-002-MS MS mg/L 0107526 005 93
X031208A-032 WA100320080048-003-MS MS mg/L 0106949 005 94
X031208A-033 ccv mg/L 0.097597 01 98
X031208A-034 LRB mg/L <0 0025

X031208A-035  WA100320080048-013-MS MS mg/L  18.754091 5 85 D 100
X031208A-042 ccv mg/L 0.094846 01 95
X031208A-043 [.RB mg/L <0 0025

X031308A-005 LLRB mg/L <0 0025

X031308 A-006 ICV mg/L 0.107451 01 107
X031308A-011 ccv mg/L 0109339 01 109
X031308A-012 LRB mg/L <0 0025

X051608 A-001 Icv mg/L  0.097052 01 97
X051608 A-002 DL mg/L 0 002188 00025 88
X051608 A-003 LCS mg/L 0 097861 01 98
X051608 A-004 LCSD mg/L 009928 01 99
X051608A-005 LRB mg/L <0 0025

X051608A-019 ccv mg/L 0.093%966 01 94
X051608 A-020 LRB mg/L =<0 0025

X051608 A-030 ccv mg/L 0 097878 01 98

X051608 A-031 LRB mg/L <0 0025

0 'A9Y ‘8L8LE-1LdYU-ddY



£t-d

LABORATORY REPORT

Quality Control R) LeeGroup , Inc |Center for Laboratory Sciences

2710 North 20th Avenue, Pasco WA 99301
Tel (509) 545-1989 | Fax (509) 544-6010

RJLG Job No., WA100320080048 Hexavalent Chromium
Analysis Method EPA 300.0, Non-Potable Water

Expected/Spike Dilution Factor
i % Recovery Qualifier (if needed)

Batch ID Sub-Sample ID QA Type Unit
- - P Gl ype - Concentration

* All sol:d matricies reported on a dry weight basis unless otherwise noted
Analyst Comments

Report Qualifiers

D=Dulution npplied to sample B = Aralyle detected in the assocuated Methiod Blank

H = Holdng tunes for preparation or analysts exceeded 5= Spike Recovery outside accepted recovery limits

L = Sample condition at recetpt out of complarce vnth method defined condiirons R = RPD (relatroe percent difference) outside accepled recovery linmts

These results are subiitled pursuant to R] Lee Group's eirrent terms and conditions of sale, mcluding the company's standard warranty and lumitation of babnhty promsions  No responsibelity or habidity 1s assumed for
the maymer i which the results are used or interpreted  Unless nahﬁzd n writing to retwrn the samples covered by this report, R] Lee Group wnil store the samples for a period of thrty (30) days before discarding A
shipping and handling fee unll be assessed for the retirn of any samples

0 A9 ‘BL8LE-LdYU-ddd
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APPENDIX D

Chain of Custody for
Simulated Groundwater
Brine Samples Relinquished
to 222S
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