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1. Executive Summary '

Work ferformed at the‘ Electrosynthesis Company Inc. (ESC) has successfully demonstrated
the operation of the ICI FM21-SP commercial scale electrochemical flow cell for the removal of
nitrite, nitrate and organic species from SRS and Hanford waste simulante. The FM21-SP cell was
operated in a batch niode in both divided and undivided cell configurations for at ieast 40 hours per
experiment or until 50% of the nitrite, nitrate and organic species were 'destroyed. The solution

concentration of nitrate and nitrite as well as off gas molar flow rates were measured. Thecell-

performed very well during the four experimental runs. Leak-free assembly and operatlon was easily
accomphshed each time. Membrane installation and cell assembly was quick and simple, thus
avoiding drying out of the membrane. Hanford waste s1mu1ants containing large amounts of
suspended solids were pumped through the cell without loss of ﬂow )

The results obtamed with the FM21- SP for nitrite and nitrate destrucuon in the divided cell
configuration are 51m11ar to those prev10usly obtamed by ESC when a laboratory scale cell was used,
as well as o results obtained at WSRC when actual low level radioactive waste was tested in the .
FMO1 laboratory cell. Induction periods at the nickel cathodes were observed in divided cell runs

7 with both the SRS and Hanford simulants. These induction periods may be due to the fdnnaﬁon and
dissolution of chrome (III) hydrpxide films on the cathode surface which could i%ihibit nitrate
reduction but allow ﬂydrdgen evolution. ‘ L ,

In the undivided cell configuration, nitrite and nitrate desu'uction rates were significantly

lower for both simulants tested. The poorer performance of the cellAin the undivided mode for

: ﬁitrite/nitrate destruction could be due again to the formation of chrome-(IlI) hydroxide films, re-

- oxidation of nitrite at the anode, or lower solution alkalinity. High destruction rates of organics were

~ achieved for Hanford simulant in the und1v1ded cell conﬁguratlon, however, when depleted Hanford
-simulant with higher Na*/alkalinity content was used as anolyte in the divided cell run, a lower

destruction rate was observed. Some destruction of organics was also observed for SRS simulant

in undivided cell tests. - ,
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2. Introducﬁoﬁ )

Th1s report details the pilot plant studies of the eleCU'ochemical desti'ucﬁon of nitrate, nitrite,
and organics from simulated alkaline low-level nuclear waste solutions. The work was conducted
at The Electrosynthe51s Company, Inc. (ESC) on behalf of Westinghouse Savannah River Company
(WSRC) and involved the treatment of Savannah River Site (SRS) and Hanford waste simulants i in
a full size commercial scale flow cell; the ICI FM21. The low level wastes are formed as a result

of treatment processes for high level wastes which :emove most of the radioactivity but leave behind
| large volumes of alkaline low level waste solutions. These solutions contain high levels of nitra';e

and nitrite which present enVuonmental release hazards as well as orgamc compounds which pose '

risks such as the formatlon of ﬂammable gases during mtermed1ate storage due to rad101yt1c
. decomposition of the organics. Organic complexants such as ethyler;edlaxnmmeteiraacetate (EDTA)

can also bind radionuclides prevenﬁng efficient removal. Electrochemical reduction of nitrite and

"nitrate results in the formation of nifrogen,‘ ammonia, and nitrous oxide gases which are less harmful. -

to the environment. Elect;ochemical oxidation of organics reduces the chemical oxygen demand

(COD) of the waste and forms carbon dioxide upon oomplete oxidation of the organics. The

destruction of mtrate nitrite, and orgamcs in the low-level waste could also perm1t evaporatlon and

recovery of the caustlc value of the waste, reducing the volume of the low-level waste stream for
disposal and prov1dmg a source of caustic for neutrahzatlon of acid waste clean-up solutions.
The electrochemical destruction process was scaled up from previous laboratory scale ﬂow

cell Work done at ESC ' and at WSRC and PNL“’5 $. Nearly complete electrochemical reductlon

! 1.D. Genders, "Final Report - Electrochemical Processing of Nitrate Waste Solutlons” Electrosynthesw
Co Inc., Report No. WSRC-TR-90-491, May 31, 1990. .

2 ID. Genders “Phase II Final Report - Electrochemical Processing of Nm'ate ‘Waste Solutlons
Electrosynthesis Co., Inc., Report No WSRC-TR-93- 090 October 7, 1992.

31.D. Genders, D. Hartsough, and D. T. Hobbs, “Electrochemical Reduction of Nltrate and Nitrites in
Alkaline Nuclear Waste Solutions”, J. Applied Electrochemistry, publication pending.
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of nitrite and nitrate from SRS simulant to nih'ogen, ammonia, or hitrons oxide was demonstrated

’ in laboratory plate and frame flow cells. The performance of various electrode materials was
mvestlgated and the effects of key operatmg parameters such as temperature, current densrty,

und1v1ded vs. divided cell conﬁguratlon, and anolyte composition were 1dent1ﬁed Nitrite, N,, N,O, |

and NH; were the only products identified, formed by the following reactions:

NO;+H,0+2¢ -  NO;j+20H . = ()
NO;y +2H,0+3e - %N, +40H * )
ONO, +3H,0+4e - . N,0+60H . A3)
NO; +5H,0+6¢ -  NE,+70H L ®

The electrochemlcal oxidation of EDTA in the Hanford mix has also been investigated in
laboratory flow cells. The overall destruction reactron 1s ] '

NaEDTA +12H,0 -  N,+4Na*+ 36H* + CO,+40c  (5)

Other possible anode reactions include the oxidation of hydroxide:

40H . O+2H0+4 . ®)
and the oxidation of nitrite: o ‘ - .
NO;+20H - NO;+H0+2e )

The goal of the present phase was to demonstrate the destruction of nitrate, mtnte and
organics at the pilot scale using the same electrochemical flow cells which could also be used in the
final plant. Two tests were performed on the SRS simnlant in divided and undivided cells. ‘A
sodium hydroxide anolyte was employed in the divided SRS test. These tests investigated the effect

of using a cation exchange membrane as a cell divider. Two tests were also conducted with the

‘D.T. Hobbs “Summary Techmcal Report on the Electrochemical Treatment of Alkaline Nuclear Wastes
(U)”. Westinghouse Savannah River Company, Report No. WSRC-TR-94-0287, July 30, 1 994

3D.T. Hobbs, "Electrolytic Denitration of Radioactive Savannah Rlver Site Waste (U)”. Westmghouse
Savannah R1ver Company, Report No. WSRC-TR-95-0176, Apnl 26, 1995.

6D T. Hobbs, "Electrochemical Destruction of Nltrates and Organics FY 1995 Progress Report (U)”.
Westinghouse Sayannah River Company, Savannah River Technology Center, Report No. WSRC-TR-95-0248,
May 30, 1995. .
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Hanford mix, one undivided and one divided. The divided cell run used a simulated Hanford mix
without sodium nitrite or sodium nitrate present as the anolyte. In the plant, the nitrite and nitrate
* would first be removed from the Hanford mix catholyte the spent catholyte would then be recycled
to the anolyte so that organics destructlon could occur at the anode. Each experiment was run for
40 hours or until 50% feduction in organics and NO,/NO;" was achieved and th.g solution analyzed
for nitrate, nitrite, and TOC. The 6ff-gas product c:)mposition and flow rate was measured so that
the current efficiency for nitrite, nitrate, and organics removal and product distribution as a function
of the type | of simulant (SRS‘ vs. Hanford) and divided vé. undivided configuration could be

determined. < : ' ‘ <.
3. Experimental
3.1  Process Description

All four experimental runs were carried out in an ICI Model FM21 SP pléte and frame flow
cell (Figure 1) with a single pair of plana‘r électrodes Each electrode has a surface aiea of 0.21m?.
The membrane to electrode gap is 0.5cm. For the runs using SRS synthetic. mix, two nickel
electrodes were used For the runs using the synthetic Hanford mix, a platinized tltamum anode and
a nickel cathode were used In the divided cell run usmg a SRS soluhon, a Nafion® 350 membrane
pretreated by soaking in 20% NaOH at 80°C was used. In the dlylded.cell run using Hanford
solution, the used membrane from the SRS solution run was initially used, but was replabed with a
new piece of Nafion 350 membrane pfetreafed by soaking in 1M NaOH at §O°C for ~ 2-1/2 hours.

The catholyte and anolyte reservoirs ponsisteci of 50 galldn and 100 gallon custom fabricated
fiberglass tanks. The tanks were calibrated before use with ~water; 'The solution was circulated using
two March Model ,TES 5C MD magnetically coupled centrifugal pumps. The impellers in both
pumps were machined down and bored out to allow for expansion at elevated temﬁeratureé. The

flow rates were measured using two EXAKT Model MA200 polysulfone rotameters equipped with
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Model #MAF3M magnetic floats and Model #Z31 unlatched limit switches to ensure that a

| minimum flow was always maintained.
‘ -.The anolyte and catholyte solutrons were heated using two 240V x 4000 Watt stalnless steel
drum heaters. The catholyte heater was connected ‘via relay to an Omega Model #CN310 d1g1tal
temperature controller, and the temperature was controlled usmg atypel thermocouple inserted via
a Teflon thermowell d1rect1y into the catholyte solutlon. The anolyte solution temperature was
controlled via the built in controller on the heater. - Before each run was started, the solutions were
preheated to near the required temperature, using timers connected to the heater relays. The entire
pilot plant was contained within two PVC drip trays capable of containing all solutions should a
catastrophic failure occur. Placed within each drip tray was an PR Model SP-AB spill sensor to
detect any leakage that might occur. Power was supplied to the cell by a Raprd Model SCRA 4000-
18 power supply connected via a IOOOA/ 100mV shunt to the current manifold. Current readings
were taken directly off the shunt using a multrmeter “The power supply was connected via relay to
the main pilot plant control system. :
Electrode potentials were monitored using two Cole Parmer Mo_del HO5990-50 gléss body

calomel reference electrodes mounted directly in the solution strearns immediately after they exited

the cell. A schematic of the pilot plant is shown in Figure 2.
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The SRS simulant (see Table 1 for composition) was run in the divided configuration under

the following conditions:

Anolyte
Catholyte
- Current Density
Membrane
* Circulation. Rate
* Temperature
Anode
Cathode -

80 gals approx. 20% NaOH
20 gals SRS simulant

3.5 kA/m? (735A)

Nafion 350

4-4,5 gal/min. .

70°C

Nickel

Nickel

- The SRS simﬁlant was run in the undivided configuration under the folloWing conditions:

Electrolyte
Anode

Cathode
Current Density
Temperature
Flow rate

15 gal SRS simulant
Nickel ‘
Nickel
3.5kA/m? (735A)
70°C
4-4.5 gal/min.

The Hénford simulant (see Table 2 for é’ompbsition) was run in the undividedconﬁglﬁation

under the following conditions:

Electrolyte
Anode
_Cathode
Current Density
Temperature
_ Circulation Rate

[}

S

15.5 gal Hanford simulant
Platinized Titanium

Nickel

4.2 kA/m? (882A)
65°C
4-4.5 gal/min.

Nalco 2 is a commercial coagulant which was the source 6f sodium élumine}te for the Hanford m1x

. Tt was obtained from Nalco Chemical Company (Oak Brook, IL).

P
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The Hanford simulant was run in the divided conﬁguratlon under the followmg condmons

Ano de - Platinized Titanium
Cathode - Nickel ,
Anolyte - 40 gal depleted simulant (see Table 3 for
' composition)
Catholyte - - 30 gal Hanford simulant
Membrane ©- Nafion 350
Circulation Rate - 4-4.5 gal/min. -
Temperature - 65°C
Current Density - 4.2 kA/m? (882A)
TABLE1 .

SRS SIMULANT COMPOSITION

CHEMICAL CONCENTRATION g/L.
NaNO; - 867 "
NaNO, S | 414
Na;SO; ~ o - 19.88

Na,PO,12H,0 , 3.23
" NaCl S 129

 NaF \ 0.63 -
Na,Si0; - : 081

Na,CrO,4H,0 * | 07T

NaTPB (Tetraphenyl Borate) \ - . 0.89 .
Na,CO; N '16.96
NaOH o _ 102.8

. HgCl . 0.0006 -

AI(NO,); 9H,0 A ' 116.29

RuCL3H,0 o : 00116
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TABLE 2
HANFORD SIMULANT COMPOSITION

CHEMICAL o CONCENTRATION g/L

ALO, (fomNalco2) ~ - 109
Na,O (from Nalco 2). . 10.0
" Na,ALO, (fomNalco2) - 17.57
' Na2OH (fromiNalco2) - 384
NaOH | . C 235
Cr(NO,); 9,0 | 12,62
~ Fe(NO,),9H,0 : 0.808 -
Ca(NO,),4H,0 - - . 054
KNO, 3 337
Ni(NO,),6H,0 - . | 0.30
- zncl, ~ 0017, |
Cs NO, , - T 0.0084
SK(NO), - 0.000625 -
NaNO, ' , 52.187
NaNoO, _ _ /630
Na,CO, EEP 2.2
Na,PO,12H,0 : - 10.24
Na,S0, = - B o 2.365 -
NaCL =~ , o 5.19
NaF T ' 0.265
Na,EDTA J ‘ _ ‘ - 212
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 TABLE3 o
HANFORD DEPLETED SIMULANT COMPOSITION

~

CHEMICAL ‘ " CONCENTRATION (g/L)
ALO, (from Nalco2) -, | . - 10.9
N2,O (fomNalco2) 10.0
NaALO, (from Nalco 2) » 1757
NaOH (from Nalco 2) . 384
, NaOH ‘ _ : ~13 Molar -
Cr(NO,), 9H,0 o | 12.62
Fe(NO,);9H,0 , 0.808"
Ca(NO,),9H,0 - L . 054
Ni(NO,),6H,0 - , 030
zacL, - : 07
csNo, { 0084
‘Na,CO;. -, 222
Na,PO,12H,0 1024
Na,S0, S ' 236" .. -
'NaCl - e 5.19
NaF co S 0.265
Na,EDTA N 212
SI(NOs), . 000625
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3.2  Gas Handling System

In the divided cell configuration, the oxidation gas pro&acts (mainly O2 and CO,) Were first
passed though a condenser/demlster consisting of 304 stainless steel woven fabric wound around
stainless steel coolmg coils and all ‘contained in as gal polyethylene drum, then vented to the
atmosphere. , , . '

In the dﬂ(nded as well as und1v1ded ceIl conﬁgura’uon the reduction gas products as well as
the mixed gas produets (ox1dat10n and reductlon) were first diluted to safe levels by the introduction
of dilution air into the gas stream-shortly after it exited the cell. ThlS was accomplished using a
Nalge Model 71320-0075 explosion proof lab blower. The flow of dilution air was continuously
monitored using an Omega Model FST320 thermal dispersion flow switch mounted directly in the
dilution air inlet pipe. The flow switch was connected to an Onﬁega Model LVCN 146 controller and
powered by a Lambda Model #LL.S5120 power\ supply. The diluted gas products were then drawn
. through a condenser/demister similar to that descnbed above and then through the blower to the
‘outside atmosphere. The flow of gases through the blower was. also continually momtored by
measuring the charige in pressure across the blower using a water manometer and an IR
Thermowatch capacitance controller model L7-1 1005A coupled with a sensing head attached
directly to the manometer. ‘ . ‘

‘The actual flow of dilution air was.also measured penodxcally usmg a Kurtz Model 444 air

veloc1ty meter.

33  Safety Interlock System : ’ ) - -

The pilot plant was controlled by an E.SC‘Bos‘s 700 series electrochemical process control
system. Th1s monitored the process and was designed to initiate the safety interlock system in the
" event of an unsafe condition. The urisafe conditions are listed below: <

-
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 Anolyte Flow =~ - - Low
Catholyte Flow ‘ - Low.
Cell Spill Sensor .- Activated
Tank Spill Sensor = Activated
Dilution Airflow - Low
AP Across Lab Blower - Low

Cell Voltage .- . High

In the event ﬂiat any of these conditions occurred, then the power supply was automatically shut off

‘and.a nitrogen purge automatlcally mh‘oduced via an activated so]en01d valve into the cell In

addltlon, the automatic shutdown sequence could be activated manually.
3.4  Sampling And Analysis

Solution samples urere taken Elirectly from'the reéirculating tanks usmg a50mL syringe with \
_ an extended tip and stored in polyethylene sample botﬂes. The samples were analyzed for alkalinity
using the standard acid-base titration vuith 1.0 M HCI and phenolphthalein indicator. The samples
were analyzed for niu'ate, nitrite and sulfate species using a Dionex DX500 Ion Chromatograph '
equipped with an automated samplef and controlled using the Peaknet™ sofcwafe system. " The ‘
mtnte nitrate and sulfate species were sepa.rated and quantlﬁed on an IonPac AS4A-SC Amm ‘
column with an IonPac AG 4A-SC 4mm guard column.” The eluent consisted of 0.0018M Na,CO,
5 0.0017M NaHCO, at a flow rate of 21n]/mm. The eluent was pumped with a Model GP40 gradient |
pump and the species detected on a Model CD20 conductivity detector. Three separate standards
were used to calibrate the ion chromatograph each time a set‘ of samples was analyzed. The samples
and standards were diluted 1:5000 before being placed in the autosemoler. Solution samples for
organic analysis were sent to Galbraith Laboratories (Knoxville, TN) for total ‘org;mic carbon and .
total inorganic carbon analysis. ‘ - '

Gas samples were taken from a Teflon "standplpe“ located on an incline at the cell catholyte
e)ut port using a 0.5mL gas tight syringe and analyzed on a Gow Mac gas chromatograph equipped
W1th a series 550P thermal conductivity detector and Hewlett Packard #3396A integrater. Ammonia
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and nitrous oxide were' separated and quantified on a Chromasorb 103 column modified with 10%
Versamide 900/8% KOH, using helinm as the-carrier gas ata column pressure of ~ 40 psi. Oxygen,
mtrogen and methane were separated and quantified on a Molecular Sieve SA 60/80 10ft column
also usmg helium at ~ 40 psi column pressure. Hydrogen was also separated and quantified on the
molecular sieve column but usmg argon as the carrier gas also at a pressure of ~40 psr The ratio
and quantity of gases present was determined by,usmg a external standard gas mixture (Scott
" Specialty Gases, Certified Master gas, + 2%) with the following ‘composition: | '

NH,. - 122%

CH, - 952%  /
N, - 122%
H,: . 66.08%

A separate gas mixture contammg 10.1% N,O in helium was used to calibrate the GC for N,O as
N,O could not be safely blended with the first calibration gas mix. Methane was used as a "tracer"
gas to quantify the total flow of product gases exiting the cell. . ¢

35 Gas Flow Measurement

Total off-gas flow rate was determined by using methane as a tracer gas. Methane was
injected into the solution inlet using a mass flowmeter (Sierra Top Trak™ 820 Series Model No.
822-2-0Vi-PS-V1-T5, 0 - 1 LPM flow range, 2% accuracy) to measure the volumetric flow rate.
The percentage of methane in 'the ‘off-gas was then determined’by GC. Since the methane flow rate -
and percentage of off-gas were known, the total gas flow rate could be determmed, and the flow rate
of component gases in moles per unit time could be determmed in order to calculate current
efficiencies for gaseous reaction products. The accuracy of the methane tracer gas techmque was
‘tested by inj ecting methane at known flow rates into dilute, pure NaOH' (0.3M) in the undivided
. FM21 cell (Ni anode and cathode). The caustic was electrolyzed at 1, 2, and 3.5 kA m with
methane injection and the off-gas composition analyzed by GC. The only possible reaction is:

2H,0 ‘ . 2H,+0, ®



4

H, + O, Flow Rate, LPM

0 o ‘
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Therefore, at a given current, both the volumetric flow rate of off-gas and the composition are
known. Methane injected into the cell at a known flow rate should then comprise a known -
percenfage of the off-gas at each currént. Figure 3 gives the percentage of methane found in the pﬂ:‘-
gas at each current vs. the theoretical percentage of methagé in the off-gas. The theoretical
percentage of meﬁme is corrected for room temberaturé The figure shows éxcellent‘ agreement
between the theory amount of methane produced and that actually found. ThlS indicates that the

tracer gas technique will accurately measure total off-gas flow rates.

Figure 3
FMV21 Cell Méthane Tracer Gas Test
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4. Results and Discussion

’

41  Summary of Results - 3

Table 4 summarizes the Voltages, solution volumes, and solution cdmposition at the start and

- end of each of the four experiments. :

. Table 4
o " Summary of Results '
) SRS Soln, - ~ SRS Soln,’ Hanford Soln, |- Hanford Soln,
‘Divided Cell Undivided Cell Undivided Cell Divided Cell
Cell Voltage(V) 4.0-4.5 33-34 44-69 7.1-4.9
Anode vs SCE (V) 0.33-.32 2.33-2.30 '0.53-0.68 0.51-0.40
Cathode vs SCE (V) '1:10-1:33 1.00-1.16 [4.40-6.20] T 1.45-1.36
Run Time (Hrs) 493 .40 .40.2 382
. Charge Passed (coul) 1.31E8 " 1.06E8 ’ 1.28E8 121E8
Initial Vol Cath (Gal) .20 15 . 155 . 30
Final Vol Cath (Gal) 20.5 145 15 L 30 -
Initial Vol Anolyte (Gal) 80 - - 40.
Final Vol Anolyte (Gal) |- — 1. - R 37.5
Initial Nitrite (M) 053 0.53 0.74 0.75
Final Nitrite (M) - o034 036 -0 029
- Initial Nitrate (M) 1.99 ' 2.04 0.74 - 0.77
Final Nitrate (M) 0.73 208 | 167 - 040
Initial TOC (mg)L) ' - 750* _ 7600 . 7600*
Final TOC (mg/L) - . 460 B 1750 5904
* ~ Theoretical Amount , )
= Note'that potentials measured for the electrodes are not compensated for iR. Clea.flyy this cathode potential

includes almost all of the cell iR. ..

!
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42  SRSRun1- Divided Cell

/

For this run, the catholyte was 20 gaHoﬁs of the SRS mix and the anolyte was 80 gallons of
8 M NaOH. The cell was séparéted by Nafion® 350 cation exchange membrane which was
pretreated by soaking in 20% NaOH at a temperature of 80 °C for three hours. B-oth\elec-trodés were
nicl;el; and the cell was operated a;t a cm'rent'-depsity of 3.5kA m? (@35 A) and-a temperature of 70 A
°C fdr a tofai run length of 49.1 hours. - Anolyte and catholyté flows wére 4.5 gpm. Deionized water
was periodically) added to the catholyfe to make the w\/olume' back up to approximately 20 gallons.
After 49.1 hours of electrolysis, 56% of the combined NO;™ + NO, was removed from
solution, and the overall current efficiency was 60% assﬁming ammonia as the only pro'dﬁct. This
assumption was made because athmonia was the only gaseous nitrate reduction prodliét seen in the
Gé gnalyses. Figure 4 shows the soluﬁon analyses ﬁ'om the catholyte. The figure shows an *
induction period for roughly the first 20 .ﬁoﬁré of electrolysis where little nitrate/nitrite destruction
occurred. No ammonia was seen in the off-gas during this period (Figure 5 ), and the production rate
and cﬁrrenfc efficiency for hydrogen are high (Figures 6-7): Some ammonia_may have formed in
' solution during this period but not degassed at the sample point because its concentration was t0o
low to exceed its Solubiiity in the solution. During this period, the SRS solution was yellow and

clear, and the cell voltage was 4.0 - 4.5 Volts. .

Figure4 ' . - Figure 5
SRS SOLN, DIVIDED RUN SRS SOLN, DIVIDED RUN - .
MOLES REMAINING VS ELAPSED TIME OFF-GAS COMPOSITION
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Figure6 - . Figure 7
SRS SOLN, DIVIDED RUN SRS SOLN, DIVIDED RUN
12 GAS PRODUCTION RATE - 40 . CURRENT EFFICIENCY VS ELAPSED TIME
- 0

CURRENT EFFICIENGY
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After about 2‘0 hours, the perfofn;an@ of the cell changed dramatically. Nitrate began to be
réduced at an appreciable rate, and the hydrogen p_roductic;n rate and c‘uirent\ efficiency dropped\
markgdly. The solution color changed from yellow to grayish-green, and solids appeared in solution.
Thes¢ solids are mainly sodium sulfate, since the IC analyses indiéated that sulfate disappeared frérﬂ
solution at about this time and IC analysis of the sblids dissol_ved in water showed sulfate as the main’
peak. Sodium sulfate is p'robablly the least soluble of the salts present in the mix and Would therefore
be the first to piecipitate when the sodiuﬁ concentration increased due to transport of sodiﬁm from
the anolyte ;co catholyte. The hydrogen production rate aqd hydrogen .‘current efficiency remajned; )
low for the remainder of the run. ’ ) - ' ’

~ Overall 271 moles of hydrogen were i)roduced and 13.5 moles of nitrite plus 90.1 moles of
nitrate were consumed. If we assume that ,nitfatq‘/nitrite were reduced to form ammonia only, then
the hydrbgen and ammonia formation would require ‘1344 moles of eléctrons; 1353 moles of
electrons were actﬁaﬂy passed. Thus Virtuaﬂy‘all of the current \may be accounted for by hydrogen
productibn and ammonia 'proéluqﬁon. ' However, only 5.6 moles of ammonia gas were actually /
accoﬁnted for by GC analyses and 2.3 moles ammonia were found-in solution. If ammonia is the
only product, it must have degassed from solution at the catholyte tank rather than at the sample
o point at the cell outlet. In brder to lower the éonCentrgtion of hydrogen below the explosive limit,

v

7 -~
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A

a high dilution a1r flow was used at the tank which-made the analysrs of reducuon products coming
~ off the tank 1mpossrb1e ,
The rate for mtrate plus mtnte destruction was 1.26 X 10 moles/coulomb ﬁom twenty hours

to the end of the expenment The rate of desn'ucuon in the divided Hanford mix run was 1.48 x 10° o

~ moles/coulomb (see Section 4.5) after the induction period and the rate of destruction in‘the ETF
concentrate was between 1.1 and 1.5 x 10 moles/coulomb (Runs ED-11 - ED-15) when a divided

cell wrth a mckel cathode was used.” The rate of desu'uctlon in laboratory scale Work at ESC wrth
. the SRS mix (Run #223-51, d1v1ded cell, nickel cathode) was 1.0 x 10*s moles/coulomb after the
mductlon period.® Thus the rate of destruction at nickel after the induction period is similar in the ‘
FM21 cell ‘with both the Hanford and SRS m1x to that seen at ESC when a laboratory scale cell was
used with the SRS mix and also is similar to work at WSRC where ac’cual low level radioactive waste
was tested in the FMOl cell. Tnls demonstrates a successful scaleup of the proeess to the
commercial scale. ' |
Induction periods with nickel cathodes have been observed m previous divided laboratory
scale flow cell experiments with the SRS mix. This period was only about I hour in Run 223-51.°
When the solution \;olmne was increased (Run 223-68),‘the induction period iasted,for the entire run
(50 hours).!°" These experiments were run at a higher current de'nsity (5 kA-m®) and with'a sulfuric
acid anolyte. Color changes v'vere noted in the first experiment; after the induction period, the SRS
mix changed fron‘; yellow to pale green, suggesting the reduction of Cr* to CF*, No such color
change was observed in the second exneriment. No induction period at nickel was seen in work at . |

WSRC with rhe ETF concentrate (Runs ED-11, ED-12, ED-13).!1. These tests were conducted at 5

!

7D.T. Hobbs, Report No. WSRo-TR-95-o 176, April 26, 1995. op. cit’
51D. Genders, “Phase II Final Report”, 37-38...op. cit.

%).D. Genders, "Phase II Final 'Report”, 37-38. op. cit.

107 D, Genders, f‘Phase If Final Report”; 33-34, 51-52. op. cit.

HD.T. Hobbs, Report No, WSRC-TR-85-0176, April 26, 1995. op. cit,

4
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kA m'2 40°C, and used a sodlum hydrox1de anolyte. The ETF concentrate did not contain chromate. *
The literature mdlcates that chromate in base can form Cr(OH), films on platinum, gold, and i iron
’ cathodes which hinder electron transfer across the film and prevent large molecules such as CIO;,
Fe(CN)s*, and chromate from reaching the active electrode surface. The films ere, however,
permeable to hjfdroxide and hydrogen, thus allowing water electrplysis and hydrogen evolutionto
occur.>>" The color change seen in the present pilot plant run and in Run 223-51 suggests that
breakdown of the film occurs allewing' further reduction ‘of c]:trom‘ate as well as reduction of
nitrate/nitrite. The breakdown‘ of the film would then end the induction period. 'Reductien of nitrate
at a nickel cathode is sdid to be inhibited by chromate which forms chrodnium hy'droxide\ﬁlms,
whereas chromate is said to be reduced to soluble chromite (COy) at lead cathodes thus avoiding
film formation and inhibition of nitrate reduction.’s These (ﬁndings are-supported by our Phase II
work where lead cathodes did not show any induction periods and gave good, reproducible curr,ent‘
| efficiencies for nitrate/nitrite reduction in 5, 50, and 1000 hour divided flow cell tests. It has also
been shown that the addition of chromate to base lowers the no,rmally' high hydrogen overpotential
ofalead cathode however, the inhibition of the reduction of larger molecules was not investigated. 16

The addmon of alkali to Cr* salts prec1p1tates Cr(OH)3 xH,0 in a gel form. The ﬁeshly
prepared precipitate is amphoteric, dissolving in acid to form Cr* salts and in base to form
chromites. However, the: precipitate becomes less readilﬁr dissolved by alkah on standmg for
prolonged periods of t'ime.17 Thus the behavior of the chromium hydroxide films is complex and

12G. Lindbergh add D. Simonsson, J. Electrochem. Soc., 137, 3094 (1990).-

13G. Lindbergh and D Simonsson, Electrochim. Acta., 36, 1985 (19915. ,

1A. Comell, G. Lindbergh and D. Simonsson, Electrochim. Acta., 37‘ 1s73f(1992).
15D T, Hobbs, Report No. WSRC-TR-95- 0248 May 30, 1995. op. cit.

16G Lindbergh and D. Simonsson, Extended Abstract No. 1176 presented at the l72nd Electrochemical
Society Meeting, Honolulu, Hawau (1987).

17H. Remy, "Treatise on Inorgamc Chemistry", Vol. II, 135-136 (1956).
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requires more fundamental study. One option could be to. simply remove chromate from the solution
in a pretreatment step. An electrochemical procedure using high surface area electrodes for chrorriéte
removal from alkaline solutions has been described.”® However, nearly complete removal of -

chromate would have to be achieved as even low concentrations of chromate are thought to form the

film.

Cell inspection after the run revealed no signs of prec1p1tates in the membrane. The anode
-was discolored brown and the cathode was discolored grey No prec1p1tates could be scraped off the
electrodes for analysis.’ The end catholyte was green in color with white solids precipitated and foam
at the top. The catholﬁrte had a stroﬁg ammonia edor.' Photographs of the cell are included in
Appendlx B. [ . B ) 4

The hydroxlde concentrauon increased from 1.9 M to 14,9 M durmg the run. The

nitrite/nitrate destruction would have formed 906.moles of hydroxide, assummg ammonia asthe only |

| product, and would have required 802 moles of electrons. The remaining current (543 moles of
electrons) must have gone into hydroéen formation and therefore formed 543 moles of hydroxide.
The total increase in cetholyte hydroxide found by titration was 979 moles, therefore the current
efﬁclency for hydroxide formation in the' catholyte is 68%. The mefﬁc1ency is likely due to the
back-migration of OH" across the membrane ’ ,

43 SRSRun2 . Undivided Cell .
, »

The cell was put together usmg the Teverse (unused) s1de of both nickel electrodes from the

first run. They were first both degreased - wnh acetone and rinsed with water before being inserted

into the cell. The cell was run for a total of 40 hours over a 5 day penod. The temperature'was

maintained -at or close to 70°C for the entire ‘run. Deionized water was added periodica]lly‘tq

maintain a constant electrolyte volume since water vapor was continually being lost through the gas ‘

R Llpsztajn “Electrochemical Removal of Chrommm from Chlorate Solutions", US Patent No.
4,834,848 (1989). )
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venting system. Periodic tests of the water.vapor (via a condensate trap attached to-the blower

housing) for pH indicated that only a minute amount of caustic mist was slipping past the demister.

The solution color remained yellow throughout the entire run, indicating the continued presence of

chrome(VI) species. Figures 8-10 show the NO,/NO," destruction, off gas composition and gas

current efficiencies obtained during the run.

Figure 8 Figure 9.
SRS SOLN, UNDMDEﬂ RUN ~ SRS SOLN, UNDIVIDED RUN
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A small amount 6f NO,/NO, destruction was observed (11% overall)-during the run. The

B NOZ' was reduced by ~ 36% and the NO;™ was reduced by ~ 5% with an overall current efﬁciency

- of 10%, assuming ammonia as the ‘only produét. The off g‘as composition was almost exciusivély

" oxygen and hydrogen, with their respective current efficiencies being close to 100% dﬁring the first
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~20 hours . Thereafter, a small droﬁ in O, and H, current efficiency (down to ~ 90%) was observed
for the rest of the run. Based on the net change in moles of nitrate and nitrite and the total charge
passed, the rate of destruction was calculated to be 1.5 x 107 moles/coulomb.. :NOZ'/N O, gaseous g
reduction prodﬁcts were only detected in only trace emounts. | ‘

The destruction of NO,/NO; in the undivided cell is considerably. less than was qbserved
in the divided ¢ell mode. Nitrite formed by the reductlon of nitrate at the cathode could be re-
oxidized at the anode. This "shuttle" would result in no net change in NO, /NO3 spec1es The
destruction rate is-also less than was observed in similar undivided cell conﬁguratlon tests using the
- FMO1 cell with nickel electodes and actual radioactive ETF solutlon19 Chromate was not present
in the ETF solution. Itis beheved that the presence of chrome(VI) in the electrolyte hindered the
destruction of NO,/NO;" by being reduced to chrome(III) and subsequently bemg deposited as an
insoluble chromitm(IIT) hydroxide layer on the cathode surface, as has been discussed prewously
Due to the undivided configuration, no significant i increase in caustic concentration was observed
'/ ([NaOH] increased from 1.9M to 2.3M). Therefore it is possible that if an insoluble layer of .
chrome(IIl) hydroxide hed formed, that it may nof have redissolved.‘ It has been reported that
chrome(IIT) hydroxide readily dissolves'in concentrated alkalis to form chromites.2’ Clearly, the
chemistry of the formation and possible dissolution of the chrome (III) films is very complex and
‘not well understood. o - -

Initial SRS solution TOC analyses b§; Gelbraith Laboratories (see Appendix A) are
inconsistent; values of 1169, 1890 and 3224 mg/L. were obtained. The theory TQC for the SRS mix
is 750 mg/L. The error in the initial TOC analysis is probably due to the non-homogeneity of the
. solution. The TOC analyses at 20 hours 'a‘nd 40 'ho{lrs are 47\8 and 460 mg/L, respectively. These -
analyses may indicate some loss in TOC content, mdlcatmg that the portlon of the oxidation current
not being used for O, production was shared between the reoxidation of NO2 to NO3 and the

1D T. Hobbs, Report No. WSRC-TR-95-0176, April 26, 1995. op. cit.

20p A Cotton, G. Wilkinson, P.L. Galus, "Basic Inorganic Chemistry", 2nd ed., 486 (1987).
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oxidation of organics present. Thé reduction portion of the "shuttle” may have been larger than the
oxidation part, resulting in the net loss of NO,™ species observed. " Alternatively, the cathode may
' not have been active for nitrate/nitrite reduction at all, and therefore the net loss of NO,” would be
due to oxidation of nitrite at the anode. The cell ‘was opened up after the run and the eomponEnts
inspected for signs of deterioration. Photographs of cell components are included in Appendix B. -
The cathode appeared very clean with no visible co‘aﬁng apparent. The anode appeared clean except
. fora smali area on the right lower section of the electrode which appeared to have a very fine

brownish coating.
44 Hanford Run 1 - Undivided Cell | o -~

The cell was assembled using a platinized titanium anode and a mckel cathode. The nickel
cathode was cleaned usmg emery paper followed by rinsing , with water prior to being mstalled in the
cell. The cell was run for a total of 40.16 hours overa 5 day penod The cell temperature could not

' be maintained at 65° C and rose dunng the day into the 70° - 80°C range This temperature rise was‘
due to the unexpectedly high cell voltage observed. The cell voltage rose from 4. 4V t0 6.7V during
" the first 9 hours of the run and thereafter remained relatively constant in the 6 6 - 7 0 range for the
| ‘rest of the run whereas the cell voltage for the SRS undivided run was 3 3 - 3.4 volts and steady.
Deionized water was added penodrcally to the tank to mamtam a constant volume. The solution
color’ changed during the run going ﬁom a dirty green colorto a bnght yellow. Again, there was no
| significant loss of caustic through the ventmg system (based on pH testing of the condensate trap)
Figures 11-13 show the NO,/N O3 destruction, off gas composition, and gas current efﬁclencles ,
All of the nitrite present in the solution disappeared after ~ 10 hours of electrolysis. Durmg the same |
time ﬁ;ame,' the nitrate increased and then levelled off for the rest of the run. Analysis of the off
gases during the run showed that they consisted exclusively of O, and H, with no NO,/NO;
reduction gas products detected. These results indicate that all the nitrite species have been oxidized

to nitrate.
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It appears that the oxidation of nitrite species to nitrate at the platinized titanium anode is

* occurring at a faster rate than the reduct10n of nitrate species to nitrite at the nickel cathode. This

phenomenon has been reported prewously 2! The current efficiency for hydrogen and oxygen
productlon are both less than 100% and this is likely due to the NO,/NO;y "shuttle" occurring. The

oxygen current efficiency starts off much-lower than does the hydrogen cu:n:ent efficiency but then

both stablhze Wlth the oxygen current efﬁc1ency ata level somewhat lower than that for hydrogen.

ThlS is consistent with a net ox1dat10n of NO, to NO;™ in the first part of the run. It also indicates

2‘D.T. Hobbs, Report No. WSRC-TR-95-01'76, April 26, 1995. op. cit.




The Electrosynthesis Co., Inc. . ' -

Page 27

that another ox1dat10n reaction (orgamcs destruction) is occumng .

/ Figure 14 shows the destruction of organics dunng the run. There is a net destruction of ~
77% of the organics for the run. It also illustrates that the majority of the destruc’uon occurs within
 the first 5 - 10 hours with only a minor amount of further destruction occurnng for the rest of the run.
The overall current efﬁéiency for organics destruction (assuming a 40 élecﬁon.procesé) also droi:s
dramatic;lly as the run progresses from a high of 60% down to less than 10% by the end of the run.
The higher current efficiency observed at the start of the run may be due to the m1t1a1 concentrétidn
of 6rga1ﬁcs being higher thus facilitating better mass transport. 'Additionally, the initial organic
species may be more easily oxidized, but as the run progresses, species that are harder to oxidize’
such as acetates and citrates?® build up. It is difficult to determine whether the presence of NO,
' species had aﬁy effect on the destruction rate of organics since they both showed a dramatic decline
within the first 5 hours of the run: | |

Figure 14
HANFORD SOLN, UNDIVIDED RUN 1
DESTRUCTION OF ORGANICS
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" The cell was opened up for inspecﬁon and phbtogfaphs (see Appendix B) of the components
- were taken. The anode appeared quité clean with no visible coating observed. The cathode appeared
to have a very fine reutral colored coating ‘which sc;aﬁed off with a plastic scraper but was not -

substantial enough to collect a sample.



The Electrosynthesis Co., Inc. | ‘ s 22000 -=

Page 28

4.5 IHanford Run - Divided Ceﬁ

The FM21 cell was assembled using the piatinized titanium anode which had l;een wiped’
With tissue and rinsed with water, é. nickei cathodé which was cleaned with emery papér and then
rinsed with water, and the Nafion 350 membrane ﬁpm" the SRS simulant divided cell run. This
membrane had been stored in cieionized water. The cathoiyte consistéd of 30 gal of regular Hanford
simulant and the anolyte consisted of 40 gal of depleted Hanford simulant (described previously).
In order to make up this simulant it was assumed that all sodium nitrite and sodium nitrate species
had been reduced via the six or eight electron process described previously fo the hydroxide species,
hence the simulant had a nominal starting alkalinity of ~ 13 M NaOH. l

Upon startmg up the cell, it was immediately noticed that a very high cell voltage (8V) was
obtained at very low currents (0.66 kA/m?). Electrode potentials did not appear excessive with the
‘anode being 0.4V vs SCE and the cathode 1.9V vs SCE. Solution conductivities appeared normal
" with the anolyte beingr 220 mmho cm’ and the catholyte conductivity 178 mmho cm™ at room
temperaturé. At Q.66 kA/m?, the corﬁbined soluﬁon iR loss at room temperature would only be 340
mV given that the membrane to élecirodé gap in the FM21 Cellis O.SCm: The voltage problem was
remedied by replacing the membrane with a new piece pretreated by soaking in 1M NaOH at 90°C
for ~ 2-1/2 hours. The cell was run for a total of 38.2 hofu.ts.’ Solution temperatures fluctuated
between 65-75°C for most of the run. The catholyte and anolyte solution volumes were maintainéd
. relatively constant by the peribdib addition of deionized water to both sides. The run was stopped
before the 40 hour mark because of rapidllv increasing cell voltages and temperature. Much dense
foam was observed in the catholyte reservoir at the end (approx. 80% of the total volume) which was
attributed to an oversaturation of the catholyte with transported sodium jons resulting in precipitation
of solids in the form of foam ‘

Figures 15 - 18 show the destructlon of NO,/NO5y specles off gas composmon gas.
production rate, and the hydrogen current efﬁc1ency occurrmg during this run. There was a 60. 8%

destruction of nitrite spec1es and 247.9% destructlon of nitrate species for an overall total of 54.2%
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destruction. The overall current efficiency was 51%, assummg ammonia to be the only product. The

catholyte off gas-composition consisted almost exclusively of hydrogen with smell amountsof

ammoma detected: No N,O or N, was detected Iti 1s likely that the small amounts of ammonia

detected are due to poor degassmg at the sample point. Gas sa.mples were taken exmng the catholyte

circulation tank in an’ effort to more accurately detect/quanufy the gaseous. reductlon products.

However, due to the magmtude of the dilution of the cell off gases, their concentratlons were too

small to be detected by GC ana1y51s

: Flgure 15 Figure 16
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'Based on the net change in moles of nitrite and nitrate and the total charge passed, the overall

rate of destruction was calculated to be 7.7x107 moles/ coulomb. This is low when compared to that

i
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previously reported for ETF solutions by WSRC22 and reflects the “induction period “ that was
observed for the first approx 22 5 hours of the run when very little reduction occurred When this
calculation is done based on the change occu.rrmg after the “induction period”, then the rate of
destructlon is1 48x106 moles/coulomb wh1ch closely matches those obtained by WSRC. This
“mductlon period" was also observed in the SRS simulant d1v1ded run. Itis possrble that chrome(IIl)
hydroxide may have adsorbed onto the cathode shuttmg down the reduction process until the
alkalinity had mcreased enough to redissolve the adsorbed layer. The rate of destruction of NO,™
/NO3- species in this run is- s1gmﬁcantly dlfferent than was observed in the undivided cell
configuration using the Hanford simulant. This is due primarily to the membrane preventing the
migration of oxidized or reduced species to the other electrode to be reduced or oxidized back to
their original state. Overall 211 moles of hydrogen were produced and 46 moles of nitrite ‘plus 358
moles of nitrate were consumed up to the 34.8 hour mark of the run (the last gas sample taken). If
-we assume ammonia to be the only reduction product, then the hydrogen and ammonia formation
would require 985 moles of electrons, /which is \approzc. 87% of the 1129 moles of electrons passed .
over 34.3 hours. Itis possible that the large amounts of foam observed further contributed to the
poor degassing of solution at the sample point, making accurate quantitative gas analysis difficult.
In terms of caustic current efﬁciency, there was a net increase of 11 69_ moles OH on the
cathode side. If we assume the total theoretical caustic increase was 361.9 moles (via NO,
' reduction) +377.1 moles (via NO; reduction) -+ 611 moles (charge remaining from total) equalling
1350 moles, then the caustic current efficiency was 87%, which is not uncommon for Nafion R 300
~ series membranes in chlor-alkali apphcatlons 2 When the current efficiency is calculated for the |
anolyte side based on change in alkalinity (mcludmg carbonate formed) the current efficiency is
78%. | : o | |
Figure 19 shows'the concentration of organics (as analyzed by\Galbraith laboratories) during

22D).T. Hobbs, Report No. WSRC-TR-95-0176, April 26, 1995.. op. cit.

M.0.Coulter, "Modern Chlor-Alkali Technology", Vol. 1, 174 (1980).
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the run There is some uncertainty in the results, particularly the initial sample, due to the non-
homogeneous nature of the sample. The high alkalm1ty/sod1um content of the starting solution may
have rendered the organic salts partially insoluble, accountmg for the lower than expected TOC
content. As the mn progressed, sodium was transported across the membrane and alkahmty
decreased, thus allowing more orgamcs into solutlon The final TOC content equates to a net
destruction of approx. 22% (assuming the sl:artmg concentration to be the theoret:lcal amount Whlch
~was added). This is lower than was observed in the undivided run and again is hkely related to the -

lower solub111ty

Figure 19

HANFORD SOLN, DIVIDED RUN
DESTRUCTION OF ORGANICS

N M N

W N

TOC CONCENTRATION (giL)

-, ' 0 10 20 . 30 40
’ ELAPSED TIME (HOURS) !

' The cell was opened up for mspectlon and photographs taken (Append.lx B). The anode
appeared clean except for slight discolorations over some. areas of the electrode. The cathode had
a black deposit over almost the entire surface of the electrode which was not easﬂy removed by
vﬁping. 'The membrane appeared stained with brown deposits along the bottom right surface on the

anode side.
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5. Conclusions and Recommendations

The Electrosynthesis Company has successfully demonstrated the operation of the ICI
FM21-Si—f’ commercial scale electrochemical flow cell for the removal of niﬁite, nitrate and organic
species from SRS and Hanford waste simulants. The eell was operated in both divided and undivided
configurations for at least 40 hours per experimeni or unt11 50% of the nitrites, nitrates, and organics
were destroyed. Current efﬁciencies 'nnd rdestruction rates were determined for organics 'and
mmte/mtrate species. \ ‘

. The results obtained with the ICI FM21-SP cell for N02 /N 03 destruction in the divided cell
conﬁguratlon are similar to those obtained previously at ESC as well as to those obtained at WSRC
(Table 5). The presence of ‘chfo'rne {(VI) species in SRS simulant appears to be harmful to the
reduction reaction in both the divided and undivided configurations where a nickel cathode is used.
In the divided conﬁguré.ﬁon an “induetion period”is seen where very little reduction takes place.
Once this period is over the reaction then proceeds at a rate similar te the reduction rate in the ETF
" solution where no chrome is present The reduction rate seen in the present work after the mducuon |
period isalso similar to the Phase II laboratory scale work with a 'nickel cathode at ESC.

‘ In,the‘und1v1ded configuration with the SRS mix no net reduction of m1:r1te/mt1rate was seen.

The postulated formation of cﬁome () hydroxide film on the cathode may combine with the

“shuttle” effect to stop the\ net reduction of NO,/NO; species for the entire run. When the Hanford

simulant was used in the undivided cell, t'ne platinised titanium anode proved to be more efficient

at oxidizing NO,” to NO;™ than the nickel cathode was at the“reduction process (Cr** present), thus

'no net reduction of species was observed throughout the run. In the divided conﬁguration an

“induction period” was also seen after which the destructlon rate was similar to that seen for SRS

- simulant. Further work needs to be done to more completely understand the chemistry and the
effects of the chrome species on the reductlon reactions occurring at the cathode.

The destruction of organics in the'SRS und1v1ded cell run was difficult to quantlfy due to
* uncertainty in the analysis. In the Hanford simulant undivided run, much higher organics destruction
was observed than in the divided cell run. The reason fo; the difference likely lies in the difference
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in solubiﬁty of the organic species infhé solutions. The anoly;te in the divided run contained much
more Na'/alkalinity, thus reducing the solubility' and hence the reaction rate. The destruction of
organiés, in Hanford solution should be further iﬁvestigated as a _funcﬁon of Na* /alkalinity.
Finally, in light of the fact that a possible membrane failure occurred at the end of the SRS
 divided run, membrane stability studies should be conducted in both SRS and.Hanfor»d; solutions.

Table 5 ‘

Overall NO,/NO, . | NO,/NO, Destruction Rate Organics
’ Destruction Rate - After Induction Period Destruction
Run .| (Moles/Coulomb) *(Moles/Coulomb) (%)
| SRS, Divided Cell 19ET 126E-6 =2
SRS, Undivided Cell |~ 15B7 - -| ~  15B7. - —
Hanford, Undivided o 0 77
" | Hanford, Divided - TTBT 1.48E-6. .22
ESC Phase 2, Divided | ° 89E7 1.0E-6 -
(Run 223-51) . | .
WSRC, Divided ETF | . LI-15E-6 - 1.1-1.5E-6 —
(Runs ED11-ED15) o o .
PNL SRR — " 50
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Summary Identification Of Samples Analysed By Galbraith Laboratories. :

Their Sample ID # Run Elapsed 'i‘ime (Hours)
L7721 Initial SRS Soln —
L7722 SRS Undivided. 40
L7723 SRS Undivided - 20
L7724 SRS Divided (Catholyte) 493
L 7725 SRS Divided (Catholyte) 252
L 7726 . SRS Divided (Catholyte) 41.1
M 0700 Tnitial SRS Soln (Repeat ) I
L 9420 Initial Hanford Soln |, | ——meee -

(Undivided Run) -
L 9421 Hanford Undivided 14
L9422 . Hanford Undivided 28.8
L 9423 Hanford Undivided 402 -
M 2793 Hanford Undivided - 2.1
M 2794 ‘Hanford Undivided- 4.1
M 2795 " Hanford Undivided 6.1
M 2796 - Hanford Undiyi({ed 9
M 4057 Initial Hanford Soln =~ | = —=meeeeem-
(Divided Run, Anolyte)
' M 4058 Hanford Divided, Anolyte 10 .
M 4059 Hanford Divided, Anolyte 20
M 4060 Hanford Dividéd, Arolyte 30
M 4061 ' Hanford Divided, Anolyte 382
M-5480 - ‘Repeat of M-4057 —
M-5481 " Repeat 0of M-4058 10
M-5482 " Repeat of M-4059 20
M-5483 . Repeat of M-4060 30
M-5484 Repeat of M-4061

, 382
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Dennis Chai. - .
The Electrosynthesrs Co
72 Ward Road

Lancaster NY 14086

-

. LABORATORY REPORT

. AMENDED

Sample'Receivéd‘:'l
Report Date:
Purchase Order #

Accuracy with speed - since 1950

.07/ 0/95
- 0811/95
WSRC370695DC

*SAMPLE ID

LAB ID

“ANALYSIS

* RESULTS.

1 LrTret

Total Inorganic
"Carbon
Total Organic Carbon

Ammonia calculated
as Nitrogen

1499 . .. mig/Liter"
3224 - . mg/Liter

3 _ppm

= I

To’cal fnorganic.
Carbon

‘_Fl'c_)tal ‘Organic Carbon.
" . Ammonia calculated . .

~ . .as Nitrogen-

2413 - mglLiter.
460°-:7 % - mglLiter

20" A ppmi

5., 0 . L7728

. Total Inorganlc

Carbon e h s em

P

Total Organlc Carbon
: H.,',Ammonla calculated

. ias Nltrogen -

. 2187 .:':lfmg/l-ltef'j -

478 ':—f'mg/ther". -

57 s 'ppm_ .

o L7724

Ammonia calculated .
as Nitrogen

295‘- ; ~  ppm 2

 Page16f2

. 2323 Sycamiore Drive
Knoxville, TN 37921-1750
Tel: (615) 546-1335

' lArialytit_:a’I_'é'erwices,' worldwide

i P.O. Box 51610 -
Knoxwlle, TN 37950-1 610
Fax {615) 546-7209 '
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GALBRAITH LABORATORIES, INC.  Accuracy with speed - since 1950

LABORATORY REPORT

- AMENDED

SAMPLE ID . LABID.  ANALYSIS =~ RESULTS - |

4 0 L7es . Ammonia calculated . -
: - as Nittogen =~ = . - 308 - ppm

B ’ , \“ A- . _.‘.- _" N
6 . .- L-7726. - Ammonia calculated . | |
g o 7o - as Nitrogen - 347 . ppm

CBM:le - L _' .‘ Page2of2 *.

2323 Sycamote Dijve - - - T s . -P.O.Box51610 ..
- Knoxville, TN "37921:1750 . Analytical sérvices, worldwide -~ - - Knoville, TN.37950-1610 . -
Tel: (615)546-1335 - - . oo LN T e (615) 546-7209, -



GALBRAITH LABORATORIES, INC. Accuracy with speed - since 1950

" LABORATORY FiEPORT’

I e Amended Report .
Dennis Chal - T . . ] Reanalysns Request:- ' 08/02/95
The Electrosynthesrs Company - - .. - Previous Lab I.D.: - L7721
72 Ward Road. S o Report Date! = .  08/08/95
Lancaster- NY 14086 e Amended Date: - .. 08/11/95

SAMPLEID. - LABID., ANALYSIS - - - "‘-t_ RESULTS S

#1 " M0700-© * Total Organic 11695 .' jmg/L

Carbon-* . T
P Total Inorganic 13t ' mgi/L
- Carbon ‘ Toee o
' T Total Organic . .  1890% - mg/L

R B g - Carbon * = o

, L Total Inorganic . _13%3 o rrgg/L
:\ - ) . ‘ .; N - - o P Carbon . ‘;-;._ ) - ‘ .‘ . “-",,1 ..

Note * The: Total Organlc Carbon premsuon is poor in thls sample due to the non-homogenous
o nature of this solutlon b . i

Note There wrll be no charge for this repeat analysns

e ks
5 .

LB:wp

2323 Sycamore Dr/ve ’ _ o o . & ' PO Box51610
KnOXVI/Ie, N 37921 1750 . A Analytic"alservices, worldwide . . i N '_KI'IOXVl/Ie, IN 37950‘1610
Tel (615) 561385« Lo T R (615) 546—7209
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GALBRAITH LABORATORIES, INC. Accuracy with speed - since 1950

LABORATORY REPORT . = .~

,'Dennns Chal _ : ~ i 7 .Sample Received: = . 07/21/95

‘The Electrosynthesis Company o ..~ Report Date: . 08/01/95 -
72 'Ward Road _ - .. % Purchase Order #: _ WSRC371895DC
Lancaster NY 14086 o L f ‘ A

1 SAMPLEID  LAB I_D.:-_‘-'_"_ ANALYSIS o R"ES"l.J.LTS_f:"-. o ||

A Leao . Cabon - - 087 o
' | ‘ Carbonate calculated o .
as Carbon -0.22 %

Total Organlc
Carbon by ]
difference - 065 . % -&Svoree

B . Ledeti Carbon S 081 e
' R o " Carbonaté calculated - SR
as Carbon L 074 T %

Total @rgamc - S S La
-Garbori by S A e
dlfference S 017 s TI%L

G L Lead2: Cabony Lo 0807 tituee
. . R Carbonate oalculated R T
S 0Tt e T %

Total Organlc
Carbon by o ° -
dlfference . 0.09 %

Page'1 of 2 .

2323 Sycamore Drive . L ‘ o ' PO: Box 51610
Tel:* (615) 546-1335 o e N - UFax: (615) 5467209




LABORATORY REPORT

. Dennis Chai

GALBRAITH LABORATORIES, INC. Accuracy with speed - since 1950

' 'SAMPLEID . LABID - ‘' ANALYSIS ~ RESULTS ||
D L9423 *Carbon o087 %
o : ’ - Carbonate calculated : o
7 ~ * - as Carbon ‘ 072 %
. *"Total Organic_
Carbon by B —
difference - 0.15 % -
CBile : Page 2 of 2
232,3 Sycamore Drive o : . PO Box 51610 .
- Knoxville, TN 37921-1750. : Anal_'ytical services, worldwide Lo Knoxvil_le, TN 37 950'1610
' , o - - Fax: (615) 546-7209"

- Tel: (615) 546-1335 - °



LABORATORY REPORT

'GALBRAITH LABORATORIES INC

Accuracy with speed - since 1950

" Dennis Chai. = . | ) , Sample Received: . 08/17/95
The Electrosynthesis Co - : Report Date: 08/25/95
72 Ward Road , . o , Purchase Order #: - "WSRC381595DC2
Lancaster NY 14086 - : =
. ] ; |
SAMPLE ID LAB ID - ANALYSIS RESULTS |
H1 M-2793 . Total Organic S
Carbon 5414 mg/Liter
Tétal Inorganic - , «
, Carbon 2229 " mg/Liter
H2 M-2794 °  Total Organic ' -
" Carbon 4950 - mgy/Liter
‘Total Inorganic .
Carbon 2375 mg/Liter
H3 ﬁ M-2795 . Total Organic ‘ ,
. : ' Carbon 3841 mg/Liter
Totel lnorganlc _
Carbon 3312 . mg/Liter
H4 , M2796 °  Total Organic’ "
" Carbon - ‘ . 2652 mg/Liter
Total Inorganic '
Carbon 4252 , mg/Liter
AL:le '

U.S. Mail: P.O. Box 51610 = Knoxville, TN 37950-1610 <  Other Carriers: 2323 Sycamore Drive Knoxwlle N 37921 1750

Tel: (615) 546-1335 Fax: (615) 546-7209




GALBRAITH LABORATORIES, INC.

Accuracy with speed - since 1950 oot

LABORATORY REPORT .

" Dennis Chai ‘ ' Sample Received: 08/25/95

' The Electrosynthesis Co : ! Report Date: " . 09/05/95

. 72 Ward Road - : . : _ Purchase Order #: =~ WSRC382495DC
Lancaster NY 14086 , .- S

SAMPLE ID LAB ID ANALYSIS | RESULTS
HA 1 M-4057 - Total Organic ' -
' ‘ Carbon 7 ) 2344 ©  mg/Liter
» Total Inorganic - o B
r ’ : Carbon = . ‘ 1080 ' mg/Liter
HA 2  M-4058 Total Organic. *© : . L
o : Carbon - 7349 ~-mg/Liter:
Total Inorganic \ _ :
Carbon . - 1826 mg/Liter
HA 3 . ‘M-4059 Total Organic ‘ ) )
' - Carbon, 6425 mg/Liter
Total Inorganic |
Carbon’ - 5365 . mg/Liter
HA 4 : M-4060 Total Organic _ ;
Carbon - 5613 mg/Liter
Total Inorganic . «
Carbon 2768 mg/Liter
/‘Page 1of2

U.S. Mail: PO Box 51610 « Knoxville, ™ 37950-1610 « Other Carriers: 2323 Sycamore Drive - Kl:lbxville, N 37521-1 750
Tel: (615) 546-1335 « Fax: (615) 546-7209
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GALBRAITH LABORATORIES INC

Accuracy w:th speed - since 1 950 : _

' LABORATORY REPORT

Dennis Chai (
" SAMPLEID = LABID | ANALY_SI',S | - RESULTS .
HAS ' ' M4061 - Total Organic - T
Carbo\n/ 5979 ‘ mg/Liter
Total Inorganic
Carbon : 2347 - mg/Liter
. ( ‘ : - )
CBM:le : ‘ . S " Page?2o0of2

t

U.S: Mail: PO Box 51610 = Knoxville, TN 37950-1610 «-  Other Carriers: 2323 Sycamore Drive Knoxwlle TN 37921 1750
Tel: (615) 546-1335 « Fax: (615) 546-7209




'GALBRAITH LABORATORIES INC

Accuracy with speed - since 1950

v

LABORATORY REPORT

" Dennis Chai ', S - Rean_alysié Reciuest: 09/07/95

The Electrosynthesis Co S 4 Previous Lab I.D.: © M-4057-61

. 72 Ward Road : . , Report Date: .. 09/11/e5
Lancaster NY 14086 - .

| samMPLEID . LABID ©  ANALYSIS® . RESULTS

HA 1 M-5480 Total Organic S ‘
' - Carbon * 2511 ~ mg/Liter
~ Total Inorganic R | _
Carbon , 1956 mg/Liter
CHA2 M-5481 : Total Organic S
‘ S - Carbon . 7145 mg/Liter
Total Inorganic , |
.Carbon - | 2370 mg/Liter
HAS M5482 ~  Total Organic ' -
: ' ’ : Carbon ~ .. 7735 mg/Liter
Total Inorganic o - ,
- Carbon ; - 2604 -mg/Liter
HA 4 ~ M-5483 ‘ Tctal\Organic . ,
: Carbon 5720 © mg/Liter
Total lncrganic
» Carbon 2790 mg/Liter

Page 1 of 2 -

U.S. Mail: P.O. Box 51610. « Knoxville; TN 37950-1610 «  Other Camers 2323 Sycamore Drive « Knoxville, TN 37921-1750
‘ ) Tel: (615)'546-1335 - Fax: (615) 546-7209




GALBRAITH LABORATORlES INC.

Accuracy with speed-- smce 1950

!

' LABORATORY REPORT -

Dennis Chai
SAMPLE ID - LABID . ANALYSIS : RESULTS .
HA 5 '~ M-5484 . Total Organic _
~ Carbon A 5830 ' mg/Liter

. Total Inorganic ‘ ;
~Carbon 2134 mg/Liter
. ‘ }

Notes: Samples contaln solid particles and were very difficult to mix in order to achieve a
homogenedus sample for analysis. ,

There will be no charge for these repeat analyses. ’

CBM:le " Ppage2ofz

U.S. Mail: P.O. Box 51610 « Knoxville, TN 37950-1610 « . Other Carriers: 2323 Sycamore Drive Knoxwlle, TN 37921-1750
Tel (615) 546-1335 ¢ Fax (615) 546-7209
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6.2 Appendix B: Cell Photographs
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