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PREFACE

These appendices support the results and discussion of the laboratory work performed to
evaluate the feasibility of in situ chemical oxidation for Idaho National Environmental and
Engineering Laboratory's (INEEL) Test Area North (TAN) which is contained in ORNL/TM-
13711/V1. This volume contains Appendices C-E.

Appendix C is a compilation of all recorded data and mathematical calculations made to interpret
the data. For the Task 3 and Task 4 work, the spreadsheet column definitions are included
immediately before the actual spreadsheet pages and are listed as "Sample Calculations/Column
Definitions" in the table of contents.

Appendix D includes the chronological order in which the experiments were conducted and the
final project costs through October 1998.

Appendix E is a compilation of the monthly progress reports submitted to INEEL during the
course of the project.
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Experiment: 2a-3-B Reactor Performance
Calibration Curve Date: 4/22/98

Experiment Start Date: 5/12/98

For additional comments, see LaboratoryNotebook BOOO025

ExperimentDescription:
Tested a 500 mL flask(29/42 S.T.) with ORBO tube adapter/teflon sleeve assembly at100 ppb TCE in DI water and obtained amass balance.
This Adapter utilized aTeflon Stopcock to close off the ORBO tube and sampling port while not in use. A10" long needle was used for sampling
All sample extractions placed on horizontal shaker for2 hours.

Appears tobe no significant difference between plastic and glass syringe sampling

Pages:

TCE SPIKE SOLUTION INFORMATION

Solution: DI Water

Volume of Solution in Flask 0.5003 liters
Mass of TCE Added: 0.0607 mg

Spike Concentration: 121 ppb
Equiliabrated at 12C
Start: 5/12/98 13:10 End: 5/13/98 11:10 EquilibrationTime (hrs)

TEST START TIME: 5/13/98 11:10

150

(added 60.7uLofa SAT. TCEsoln-assuming itwas lOOOppm)

~140
O.130

^120
g HO
H 100
3 90
§ 80
§. 70

< 60
50

'N£?3

10

22.00

15
Time (hrs)

20 25 30

55-56



Exp. 2a-3-B Reactor Performance For additional comments, see Laboratory NotebookB000025 Pages: 55-56

ORNL Sampling Sample Time Hexane Sample GC Cone. Flag Sample TCE(mg) Remaining Vol
No.

338

Time Name

5/13/98 11:10 2a-3b-t0-p

(hrs)

0.00

(mL)

4.923

(mL) TCE

4.924

(ppb)
107

TCE (ppb)

107.0

In Aliquot
0.001

(mL)

495.38 Beginning TCE mass (mg)
339

340

341

5/13/98 11:12 2a-3b-t0-g

5/13/98 12:07 2a-3b-t1hr-p

5/13/98 12:10 2a-3b-t1 hr-g

0.03

0.95

1.00

5.006

5.006

5.045

4.961

5.232

4.829

106

106

102

107.3

102

106

0.001

0.001

0.001

490.42 0.054

485.18

480.35 FinalTCE mass in Reactor (mg)
342

343

344

5/13/98 13:16 2a-3b-t2hr-p

5/13/98 13:18 2a-3b-t2hr-g

5/13/98 15:10 2a-3b-t4hr-p

2.10

2.13

4.00

5.005

5.015

5.000

4.974

5.227

5.166

107

110

113

108

105

109

0.001

0.001

0.001

475.38 0.046

470.15

464.99 TotalMass of TCE in Aliquots(mg)
345

346

347

5/13/98 15:11 2a-3b-t4hr-g

5/14/98 8:15 2a-3b-t21 hr-p

5/14/98 8:15 2a-3b-t21 hr-g

4.02

21.08

21.08

4.967

4.973

4.918

5.211

4.933

4.904

110

100

106

105

100

106

0.001

0.000

0.001

459.78 0.006

454.84

449.94 Total mass of TCE on ORBO tubes (mg)
348

349

5/14/98 11:10 2a-3b-t24hr-p

5/14/98 11:11 2a-3b-t24hr-g

24.00

24.02

4.880

4.914

4.835

4.731

108

102

109

106

0.001

0.000

445.10 0.000

440.37

0.053 Total Mass Recovered (mg)
98.7 % Recovered

o

p-for plastic syringe
g-for glass syringe

average

106

stdev

31
42.

Count

12

350

351

5/14/98 11:12 2a-3b-charcoal

5/14/98 11:14 2a-3b-charcoal

24.03

24.07

4.945

4.962

g Charcoal)

0.092 ND

0.049 ND

u

u

0

0

0

0

mgTCE

mgTCE

Charcoal Desorption
(ORBO) tube extraction
Data

339 5/13/98 11:12 2a-3b-t0-g 0.03 5.006 4.961 106 107

%Diff glass/1
0.3

3lastic Syringe

338 5/13/98 11:10 2a-3b-t0-p 0.00 4.923 4.924 107 107

341 5/13/98 12:10 2a-3b-t1hr-g 1.00 5.045 4.829 102 106 4.0

340 5/13/98 12:07 2a-3b-t1hr-p 0.95 5.006 5.232 106 102

347 5/14/98 8:15 2a-3b-t21 hr-g 21.08 4.918 4.904 106 106 5.3

346 5/14/98 8:15 2a-3b-t21 hr-p 21.08 4.973 4.933 100 100

349 5/14/98 11:11 2a-3b-t24hr-g 24.02 4.914 4.731 102 106 -2.9

348 5/14/98 11.10 2a-3b-t24hr-p 24.00 4.880 4.835 108 109

343 5/13/98 13:18 2a-3b-t2hr-g 2.13 5.015 5.227 110 105 -2.0

342 5/13/98 13:16 2a-3b-t2hr-p 2.10 5.005 4.974 107 108

345 5/13/98 15:11 2a-3b-t4hr-g 4.02 4.967 5.211 110 105 -4.0

344 5/13/98 15:10 2a-3b-t4hr-p 4.00 5.000 5.166 113 109

0.1 Avg. % Difference
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Experiment: 2b-l, Hexane Extraction Time

Calibration Curve Date: 1/30/98

Experiment Start Date: 2/17/98

For additional comments, see Laboratory Notebook B000025

Experiment Description:
In this test, an equilibrated mixture of TCEspikedTAN40 GWwas equilibrated withreactivezonemediaand then extractedwithhexane
for various time periods beforesample collection. During sample collection,aliquots of both the hexane layer and aqueous layer was taken.
Furthermore, a portionof the nqueouo layerwaanlaofiltered (0.45micron)prior to annlyaia
Allaqueous/filtered aqueous sampleswereextracted w/hexane andplacedon a horizontal shakerfor an additional 30 minutesprior to analysis
Theextractions were performed at roomtemperature
NOTE: the Ottered samplesare not usedin computations. The filters have been found to absorb TCE, making the data obtained invalid.

TCE SPIKE SOLUTION INFORMATION

Prepared a saturated TCE solution using DI water and allowed to equilibrateovemite

added approximately260 uL of the saturated TCE solution to 259.43 mL of TAN 40 groundwater
The TAN 40 gw was already sparged and cooled to 15C and was allowed to mix for a few minutes prior to initial sampling.

The TAN 40 Gw was then dispensed into vials containing crushed basalt or sediment and allowed to equilibrate overnight at 12-15C.

Pages: 16-20

Initial TCE Concentration

Sample Volume Vol Aqueous GCTCE Sample

ORNL# Name Collection Time Hexane (mL) Sample (mL) (ug/L) TCE(ug/L)

59 2b-l-59-T0 2/18/9811:15 4.908 5.007 734.19 719.609266

avg-lsd 718.81

AVG STDEV

60 2b-l-60-T0 2/18/98 11:15 4.914 4.990 734.72 723.472195 721.54 2.731503076

724.27avg+lsd

Soil TAN40GW Initial TCE Total Mass Extraction Hexane Total Mass EXT Start

Container Mass (g) Contents Volume (mL) Mass (ug) (grams) Container Vol (mL) Transferred (g) Time=0 Wt% Transferred

Viall 10.567 sediment & spiked GW 37.351 26.9503 47.918 Bottlel 39.652 46.964 2/19/98 13:20 98.01

Vial2 10.094 sediment & spiked GW 38.025 27.4366 48.119 Bottle2 40.53 47.11 2/19/98 13:23 97.90

Vial3 10.889 Crushed basalt & spiked GW 38.214 27.5730 49.103 Bottle3 40.364 48.614 2/19/98 13:25 99.00

Vial4 10.354 Crushed basalt & spiked GW 39.265 28.3313 49.619 Bottle4 39.864 48.9 2/19/98 13:36 98.55

Vial5 0 Spiked GW Only 42.038 30.3321 42.038 Bottle5 40.061 41.464 2/19/98 13:38 98.63

Vial6 0 Spiked GW Only 41.747

(assuming GW

30.1222

spg=1.0)

41.747 Bottle6 40.53 41.208 2/19/98 13:39 98.71
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Exp. 2b-1, Hexane Extraction Time For additional comments, see Laboratory Notebook B000025

ORNL Sample

GC # Name

61 2B-1-B1

67 2B-1-B1

73 2B-1-B1

79 2B-1-B1

85 2B-1-B1

91 2B-1-B1

97 2B-1-B1

103 2B-1-B1

4+5

4*4

4£?2I3 1-B1

Sample Type

Aqueous

Aqueous

Aqueous

Aqueous

Hexane Layer

Hexane Layer

Hexane Layer

Hexane Layer

Filtered Aqueous

Filtered Aqueous

Filtered Aqucoua

Filtered Aqueous

Bottle #

Collect

Time

Elapsed Hexane Vol Aqueous GC Value

Time (min) Vol (mL) Sample (mL) (ug/L) FLAG

346

91

5U

0ND

253

440

517

548

264

64

ON©

5min

30min

2hrs

24hrs

•T5-A

-T30-A

-T2HR-A

•T24HR-A

•T5-H

•T30-H

•T2HR-H

•T24HR-H

T24IIRF

+

4

+

+

2/19/98 13:28

2/19/98 13:49

2/19/98 15:18

2/20/98 14:00

2/19/98 13:27

2/19/98 13:48

2/19/98 15:17

2/20/98 14:00

2/19/98 13:28

2/19/98 13:49

2/19/98 15:18

2/20/96 14:00

8

29

118

1480

7NA

28 NA

117 NA

1480 NA

S

29

4+8

•14S0

2.878

2.912

2.921

2.942

NA

NA

NA

NA

fl f\t\-l

2 057

2.918

2.862

3.095

3.188

3 Ql 5

2 o°f>

2 245

2 354

Actual Hex

vol (mL)

ActTCEmass Act. AquiAct. TCE mass Summed masses in aliquots (ug)
inHex(ug) vol (mL) in Aque. (ug)

39.65

38.65

37.65

36.65

10.04 37.351

17.01 31.418

19.46 25.569

20.08 20.229

12.76 0

2.90 2.2791

0.12 3.2584

0.00 3.7999

MASS BALANCE

26.9503 ug Initial TCE

2.5901 ug TCE in Aq. aliquots

1.758 ug TCE in Hexane aliquots

22.6026 ug TCE left in Bottle

Mustassumemass of solids filteredis neglible

Assume complete transfer of vial contents to extraction bottle

14.687 mL aqueous volume left in bottle

0 ug TCE left in aqueous phase

35.65 mL hexane volume left in bottle

19.53 ug TCE left in hexane phase

Total Recoved (ug)

88.60 Total wt% Recovered

Cum Mass (ug)

22.79

22.18

22.83

23.88

Pages:

TCE Cone. TCE Mass in

(ug/L) Aliquot (ug)

16-20

342 0.9964

92 0.2638

5 0.0144

0 0.0000

253 0.2531

440 0.4400

517 0.5168

548 0.5478

342 1.0297

to 0.2755

5 0.0104

& 0.0000
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Exp. 2b-l, Hexane ExtractionTime For additional comments, see Laboratory Notebook B000025 16-20

ORNL Sample Collect Elapsed Hexane Vol Aqueous GC Value TCE Cone. 'TCE Mass in

GC # Name Sample Type Bottle # Time Time (min) Vol (mL) Sample (mL) (ug/L) FLAG (ug/L) Aliquot (ug)

62 2B-1-B2-T5-A Aqueous 2 2/19/98 13:31 8 2.954 2.986 245.10 242 0.7241

68 2B-1-B2-T30-A Aqueous 2 2/19/98 13:51 28 2.940 3.184 30.55 28 0.0898

74 2B-1-B2-T2HR-A Aqueous 2 2/19/98 15:20 117 2.955 2.967 5.42 U 5 0.0160

80 2B-1-B2-T24HR-A Aqueous 2 2/20/98 14:00 1477 2.962 3.035 0.00 ND 0 0.0000

86 2B-1-B2-T5-H Hexane Layer 2 2/19/98 13:31 8NA NA 347.14 347 0.3471

92 2B-1-B2-T30-H Hexane Layer 2 2/19/98 13:50 27 NA NA 518.95 519 0.5189

98 2B-1-B2-T2HR-H Hexane Layer 2 2/19/98 15:19 116 NA NA 575.76 576 0.5758

104 2B-1-B2-T24HR-H HexaneLayer 2 2/20/98 14:00 1477 NA NA 603.88 604 0.6039

4+6 2B LD2T30F

Filtered Aqueoua 3

2

g 2 nog

2 ofii

2.949 174,65 242 0.7151

"fiofin n 51 28
•> i q-j 23 2fi 2S 0.0899

122 2D 1 B2 T2IIR T? r-i._~ j * 2 2/19/98 15:20 4+7- 2 Qfil 2 052 n nn XTr\
U.UU 1IU S 0.0159

12£ 2D 1 D2 T21IUt r? r-t. ..j * 2 ^jTTVOB l.i-flO 44W 2 Ofid 2 013 |Q fTQ 0 0.0000BzWfTiT I ^W

Actual Hex Act TCE mass Act. Aqut Act. TCE mass Summed masses in aliquots (ug)

vol (mL) in Hex (ug) vol (mL) in Aque. (ug) Cum Mass (ug)

5min 40.53 14.06972052 38.025 9.22 0 23.29

30min 39.53 20.51398003 32.090 0.91 1.7863 23.21

2hrs 38.53 22.18402073 25.719 0.14 2.4849 24.81

24hrs 37.53 22.66348649 19.800 0.00 3.0927 25.76

MASS BALANCE

:Z7.4366ug Initial TCE

1.6508 ug TCE in Aq. aliquots

2.046 ug TCE in Hexanealiquots

:23.7400 ug TCE left in Bottle

Must assume mass of solids filtered is neglible

Assumecomplete transfer of vial contents to extraction bottle

3.264 mL aqueousvolumeleft in bottle

0 ug TCE left in aqueous phase

36.53 mL hexane volume left in bottle

22.06 ug TCE left in hexanephase

93.88 Total wt% Recovered
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Exp. 2b-l, Hexane Extraction Time For additional comments, see Laboratory Notebook B000025 Pages: 16-20

ORNL Sample Collect Elapsed Hexane VolAqueous GCValue TCE Cone. TCE Mass in

GC# Name Sample Type Bottle # Time Tune (min) Vol (mL) Sample (imL) (ug/L) FLAG (ug/L) Aliquot (ug)

63 2B-1-B3-T5-A Aqueous 3 2/19/98 13:34 9 2.978 3.436 371.58 322 1.1064

69 2B-1-B3-T30-A Aqueous 3 2/19/98 13:54 29 2.953 3.542 151.63 126 0.4478

75 2B-1-B3-T2HR-A Aqueous 3 2/19/98 15:22 117 2.935 3.237 5.71 U 5 0.0168

81 2B-1-B3-T24HR-A Aqueous 3 2/20/98 14:01 1476 2.944 3.253 0.00 ND 0 0.0000

87 2B-1-B3-T5-H Hexane Layer 3 2/19/98 13:34 9NA NA 326.45 326 0.3265

93 2B-1-B3-T30-H Hexane Layer 3 2/19/98 13:52 27 NA NA 487.10 487 0.4871

99 2B-1-B3-T2HR-H Hexane Layer 3 2/19/98 15:21 116 NA NA 574.16 574 0.5742

105 2B-1-B3-T24HR-H Hexane Layer 3 2/20/98 14:01 1476 NA NA 573.92 574 0.5739

•44+ 2D 1 D3 T5 F
_., , .

3 "fio/irc ii *\i 9 2 Q£2 2 jijg 207.70 3JK 0.7819

^Siparamr
T^,. j 4 3 2/19/98 13:53 28- 2 t\\\ 2 217 51 5Q fc» 0.2803

i 2/19/98 15:22 44? 2 Q56 2 433 t\ An XTQ
U.UU 1IU 5 0.0126

429 2D 1 D3 T21IIR F
p. , .

i
1 (J7fi 2 Qfr7 2 gji U.UU TrfXT a 0.0000

Actual Hex Act TCE mass Act. AqueAct. TCE mass Summed masses in aliquots (ug)

vol (mL) in Hex (ug) vol (mL) in Aque. (ug) Cum Mass (ug)

5min 40.36 13.17684031 38.214 12.31 0 25.48

30min 39.36 19.17403541 32.350 4.09 2.2147 25.48

2brs 38.36 22.02704188 26.591 0.14 3.4298 25.59

24hrs 37.36 21.44376279 20.921 0.00 4.0334 25.48

MASS BALANCE

27.5730 ug Initial TCE

2.6457 ug TCE in Aq. aliquots

1.962 ugTCE in Hexanealiquots

22.9657 ug TCE left in Bottle

Must assume mass of solids filtered is neglible

Assume complete transfer ofvial contents toextraction bottle
4.186 mLaqueousvolume left in bottle

0 ug TCEleft in aqueousphase

36.36 mL hexane volume left in bottle

20.87 ug TCEleft in hexanephase

92.40 Total wt% Recovered



o

Exp. 2b-1, Hexane Extraction Time For additional comments, see Laboratory Notebook B000025 Pages: 16-20

ORNL Sample iCollect Elapsed Hexane Vol Aqueous GC Value TCE Cone. 'TCE Mass in

GC # Name Sample Type Bottle # 'Time Time (min) Vol (mL) Sample (mL) (ug/L) FLAG (ug/L) Aliquot (ug)

64 2B-1-B4-T5-A Aqueous 4 2/19/98 13:41 5 2.956 2.768 412.13 440 1.2182

70 2B-1-B4-T30-A Aqueous 4 2/19/98 13:56 20 2.945 3.383 286.85 250 0.8449

76 2B-1-B4-T2HR-A Aqueous 4 2/19/98 15:24 108 2.947 2.988 5.41 U 5 0.0159

82 2B-1-B4-T24HR-A Aqueous 4 2/20/98 14:02 1466 2.952 3.038 0.00 ND 0 0.0000

88 2B-1-B4-T5-H Hexane Layer 4 2/19/98 13:41 5 NA NA 218.82 219 0.2188

94 2B-1-B4-T30-H Hexane Layer 4 2/19/98 13:55 19 NA NA 397.26 397 0.3973

100 2B-1-B4-T2HR-H Hexane Layer 4 2/19/9815:23 107 NA NA 592.60 593 0.5926

106 2B-1-B4-T24HR-H Hexane Layer 4 2/20/98 14:02 1466 NA NA 593.87 594 0.5939

Actual Hex

Fdtercd Aqueoua

Filtered Aqueous

Filtered Aqueous

Filtered Aqueoua

Act TCE mass

4

4

4

4

Act. Aque

•vi'vm n-ii S 2SU

iflo Q Q^

1 A£.£. ^ t\£Q

Summed masses in aliq

3 4|g

•21982

2 QPl

2 71Q

g)

308t9?

143.27

A AA XTTS

2 a <<

440

5

1.5034

0.7447

0.0159

0.0000

xriyfyo 137^1

Act. TCE mass [UOtS (u

vol (mL) in Hex (ug) vol (mL) in Aque. (ug) Cum Mass (ug)

5min 39.86i 8.723163427 39.265 17.28 0 26.00

30min 38.86 15.43894512 33.081 8.26 2.9404 26.64

2hrs 37.86 22.43811458 26.716 0.14 4.9273 27.51

24hrs 36.86 21.89256919 20.747 0.00 5.5517 27.44

MASS BALANCE

28.3313 ug Initial TCE

4.3431 ug TCE in Aq. aliquots

1.803 ug TCE in Hexane aliquots

22.1857 ug TCE left in Bottle

Must assume mass of solids filtered is neglible

Assume complete transfer of vial contents to extraction bottle

4.065 mL aqueous volume left in bottle

0 ug TCE left in aqueous phase

35.86 mL hexane volume left in bottle

21.30 ug TCE left in hexane phase

96.87 Total wt% Recovered
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Exp. 2b-1, Hexane ExtractionTime For additionalcomments,see LaboratoryNotebook B000025 Pages:

ORNL Sample Collect Elapsed Hexane Vol Aqueous GCValue TCE Cone. TCE Mass in

GC# Name Sample Type Bottle* Time Tune (min) Vol(mL) Sample (imL) (ug/L) FLAG (ug/L) Aliquot (ug)

65 2B-1-B5-T5-A Aqueous 5 2/19/98 13:44 6 2.943 2.874 318.93 327 0.9385

71 2B-1-B5-T30-A Aqueous 5 2/19/98 13:58 20 2.961 2.957 94.25 94 0.2790

77 2B-1-B5-T2HR-A Aqueous 5 2/19/98 15:26 108 2.948 3.302 0.00 ND 0 0.0000

83 2B-1-B5-T24HR-A Aqueous 5 2/20/98 14:02 1464 2.983 2.614 0.00 ND 0 0.0000

89 2B-1-B5-T5-H Hexane Layer 5 2/19/98 13:43 SNA NA 352.21 352 0.3522

95 2B-1-B5-T30-H Hexane Layer 5 2/19/98 13:57 19 NA NA 583.70 584 0.5837

101 2B-1-B5-T2HR-H Hexane Layer 5 2/19/98 15:25 107 NA NA 648.96 649 0.6490

107 2B-1-B5-T24HR-H Hexane Layer 5 2/20/98 14:02 1464 NA NA 645.51 646 0.6455

Art 1 rtg Te T?
„, , .

$ ?/n/on n 4i 6 2 035 2 357 210 03 J27 0.9330
113 213 1 135 13 1'

An i nf t^a T?
„., , .

*

$

?/io/on ii in 20 2 Q45 2 370 et in U 0.2245

42; 2D 1 D5 -ram r ?'10/0ft 15 ?fi
1 AO 2 030 2 27R A AA XTT\ 0 0.0000

434 2D 1 DS T21IIR F
_. . .

*
f ACA 2 Qfifi 3 254 A AA VTT\ 0 0.0000

Actual Hex Act TCE mass Act. Aque Acl[. TCE mass ISummed masses in aliquots (ug)

vol (mL) in Hex (ug) vol(mL) in Aque. (ug) Cum Mass (ug)

5min 40.06 14.10977938 42.038 13.73 0 27.84

30min 39.06 22.79981586 36.307 3.43 2.2238 28.45

2hrs 38.06 24.69997755 30.971 0.00 3.3110 28.01

24hrs 37.06 23.92312488 25.391 0.00 3.9599 27.88

MASS BALANCE

30.3321 ug Initial TCE

2.3751 ug TCE in Aq. aliquots

2.230 ug TCE in Hexane aliquots

25.7267 ug TCE left in Bottle

Must assume mass of solids filtered is neglible

Assume complete transfer ofvial contents toextraction bottle
7.817 mLaqueous volume leftinbottle

0 ugTCEleft in aqueous phase

36.06 mL hexane volume left in bottle

23.28 ugTCEleft in hexane phase

91.93 Total wt% Recovered
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Exp. 2b-1, Hexane Extraction Time For additionalcomments,see LaboratoryNotebook B000025 Pages: 16-20

ORNL Sample Collect Elapsed Hexane Vol Aqueous GCValue TCE Cone. TCE Mass in
GC # Name Sample Type Bottle # Time Time (min) Vol (mL)1 Sample (mL) (ug/L) FLAG (ug/L) Aliquot (ug)

66 2B-1-B6-T5-A Aqueous 6 2/19/98 13:46 7 2.929 2.974 230.92 227 0.6764
72 2B-1-B6-T30-A Aqueous 6 2/19/98 14:00 21 2.974 2.919 60.62 62 0.1803
78 2B-1-B6-T2HR-A Aqueous 6 2/19/98 15:28 109 2.945 3.071 0.00 ND 0 0.0000

84 2B-1-B6-T24HR-A Aqueous 6 2/20/98 14:03 1464 2.962 2.658 0.00 ND 0 0.0000
90 2B-1-B6-T5-H Hexane Layer 6 2/19/98 13:46 7NA NA 464.47 464 0.4645
96 2B-1-B6-T30-H Hexane Layer 6 2/19/98 13:59 20 NA NA 634.28 634 0.6343

102 2B-1-B6-T2HR-H Hexane Layer 6 2/19/98 15:27 108 NA NA 673.87 674 0.6739
108 2B-1-B6-T24HR-H Hexane Layer 6 2/20/98 14:03 1464 NA NA 670.46 670 0.6705
444 2D 1 D6 T5 F (, nit i\mn t * ms T 2 Q4$ 2 003 202.09 22.7xriWVH 13:46 0.6807
420 2B 1 B6 T30 F Filtered Aqueous € mom i4?oo 24 2 070 3 QQA 42 22 «J 0.1905
426 2D 1 D6 T2IUc. F Filtered Aqueous 6 III Afttn i e nn

409 2 Q55 2 041 A AA XTT\
U.UU TT^y 0 0.0000

132 2D 1 D6 T21IIR F Filtered Aqueous 6 4464 2.959000909 g Q1Q eg 51
0 0.0000

Actual Hex Act TCE mass Act. Aque Act. TCE mass Summed masses in aliquots (ug)
vol (mL) in Hex (ug) vol (mL) :in Aque. (ug) Cum Mass (ug)

5min 40.53 18.8248227 41.747 9.50 0 28.32

30min 39.53 25.07296854 35.780 2.21 1.8216 29.10

2hrs 38.53 25.96408392 29.777 0.00 2.8267 28.79

24hrs 37.53 25.16251409 23.765 0.00 3.5005 28.66

MASS BALANCE

30.1222 ug Initial TCE

1.7279 ug TCE in Aq. aliquots

2.443 ug TCE in Hexane aliquots
25.9512 ug TCE left in Bottle

Mustassume massof solidsfiltered isneglible
Assume complete transfer of vial contents to extraction bottle

6.472 mL aqueous volumeleft in bottle

0 ugTCE left in aqueousphase

36.53 mL hexane volume left in bottle

24.49 ugTCEleft in hexanephase

95.16 Total wt% Recovered
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Experiment: 2b-3, SludgeHexane Exl Test
Calibration Curve Date: 1/30/98 and 4/22/98

Experiment StartDate: 4/8/98

Foradditional comments,see the RMAL Laboratory Research Notebook

Experiment Description:
In this test, an equilibrated mixture ofTCE spiked TSF05 GW was equilibrated with TSF05 sludge and then extracted with hexane
for various lime periods before sample collection. During sample collection, aliquots ofboth the hexane layer and aqueous layer was taken.
Furthermore, o portion of the oquooun layer waa alao filtered (0.4S mioron) prior toanalysis
All aqueous/filtered aqueous samples were extracted w/hexane and placed on ahorizontal shaker for an additional 30 minutes prior to analysis
The extractions were performed at room temperature __ __
NOTE: the filtered samples are not used in computations.

The filters have been found to absorb TCE, making the data obtained invalid

TCE SPIKE SOLUTION INFORMATION

4/8/98 09:30: Started equilibration of solutions at 4 C. Due to problems withthe
incubator shaker did not start shaking the samples continuously. Samples were

hand shaken at varioustimesthroughout the work day

Initial TCE Concentration

Sample

ORNLfl Name Collectk

243R 2b-3-spikeA

244R 2b-3-spikeB

St«ven Robert Cline:

Analyzed several days later
also.

Volume Vol Aqueous GC TCE Sample

Collection Ti Hexane (m Sample (mL) (ug/L) TCE(ug/L)
5000 5.000 79,058 79,058

5.000 5000 75,757 75,757

(ASSUMED VALUES-RMAL didnot Detennine OravimelricaUy) 2334.209181

Soil TSF05 OW

Container Mass (g) Contents Volume (m

Viall 9.948 Dried Sludge 34.50

Vial 2 10.130 Dried Sludge 35.56

Vial3 0.000 Spiked GW 43.08

Vial4 0 000 Spiked OW 42.54

Total Mass

(grams)

44.443

45.692

43.083

42.540

Extraction

Container

TSF-05-1

TSF-05-2

TSF-05-3

TSF-05-4

Hexane Total Mass EXT Start

Vol (mL) Transferred (g) Time-0 Wt% Transferred

2670

2753

3335

3293

41.49242

41.22121

41.02879

40.9697

43.404

44.932

42.763

42.979

(assuming OW spg=l .0)

4/9/98 08:45: Transferred the entire contents ofeach40 mL vial into 125mL extraction vialscontaining 40 mL ofhexane.
Placed 125 vials onto shaker and started extraction at 08:45 at 250 rpm

4/9/98 8:45

4/9/98 8:45

4/9/98 8:45

4/9/98 8:45

97.66

98.34

99.26

101.03
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Experi 2b-3, Sludge Hexane Ext Test For additional comments, «ee theRMAL Laboratory Research Notebook

CONTAINERS

ORNL Sample Collect Elapsed Hexane Volofsam Hexane

GC U Name Sample Typ Bottl Time Time (min Vol (mL) Sample (m Layer DF

Sample

GC Value TCE Con

(ug/L) FLAG (ug/L)

TCE Mass

Aliquot (

5.52624

3.58955

4.726

10.7148

4.56369

6.10112

6.66096

7.12488

1.24486

0.43612

0.30834

0.15179

Mass in both

Aq. Aliq
13.0012

7.12992

8.12751

16.0601

249R

259R

269R

279R

245

255

265

275

253

263

273

283

TSF-05-1-30-A

SF-05-1-2hr-A

SF-05-1-4hr-A

SF-05-1-24hr-A

TSF-05-1-30-H

SF-05-1-2hr-HE

SF-05-1-4hr-HE

F-05-1-24hr-H

TSF 05 1 30 A

F 05 1 2hr AQ

F05 1 Ihr-AQ-

Aqueous

Aqueous

Aqueous

Aqueous

Hexane

Hexane

Hexane

Hexane

Aq filtered
Art filtjar^H
r*x| MildtJU

Aq filtered

4/9/98 9:24

4/9/98 10:62

4/9/98 12:48

4/10/98 8:22

4/9/98 9:18

4/9/98 10:47

4/9/98 12:45

4/10/98 8:15

1/0/08 0 21

4/9/98 10:£3

1/0/08 12 18

1/10/08 8'22

39

127

243

1417

33

122

240

1410

39

m

243

MM

3 135

3.150

3111

3088

10 358

9842

10.333

10 283

3453

3424

3-091-

3 Qgg

2.402 NA

2.773 NA

2.983 NA

3 105 NA

0.080 129.981

0.082 121.296

0.077 134.725

0.071 145.404

3 219 NA

2 735 MA

2447- NA

t-^549 NA /

1763

1140

1519

3470

437

615

640

688

3i

/to

49

2,301

1,294

1,584

3,451

56,831

74,569

86,201

100,052

383

159

144

98

Steven Robert

Cllne:

assumes cone of

second aqueous
sample equals that
of the first (le,
didn't use the

filtered sample
data)

Steven Robert

Cllne:

Did not use filtered

values.

hexane cone increased 48 ppb bet. 4 8, 24 hrs

but DF changed it to approx 20.000 ppb increase

CONTAINER #2

250R TSF-05-2-30-A Aqueous 2 4/9/98 9:26 41 314 3.11 NA 1303

260R TSF-05-2-2hr-A Aqueous 2 4/9/98 10:55 130 3.12 2.88 NA 1203

270R TSF-05-2-4hr-A Aqueous 2 4/9/98 12:49 244 3.08 3.16 NA 1472

280R TSF-05-2-24hr- Aqueous 2 4/10/98 8:24 1419 3.08 3.56 NA 4184

246 TSF-05-2-30-H Hexane 2 4/9/98 9:18 33 10.45 0.08 128 778 543

256 TSF-05-2-2hr-H Hexane 2 4/9/98 10:47 122 10.38 0.07 153.200 674

266 TSF-05-2-4hr-H Hexane 2 4/9/98 12:45 240 10.32 0.08 129 509 713

276 TSF-05-2-24hr- Hexane 2

2

4/10/98 8:15

1/0/08 0 26

1410

44-

10.33

342

0.07 155 886

2t94NA

759

254 TSF 05 2 30 A Aq filtered a«r

2§4 TSF 05 2 2hr A Aq filtered 2 1/0/08 10'65 «0 343 2t26NA /H-8
2X4 T9F 05 *> 4hr /\ An filtrrpri 2 1/0/08 12 10 244 340 241 NA / vm
284 TSF 05 2 24hr Aq-fiHered 2 </10/88 8:24 MW 3-08 443 NA / a

1,318 4.09513

1,301 3.7466

1,435 4.5394

3,622 12.908

69,987 5.72621

103,325 7.0449

92,343 7.41542

118,310 7.88737

287 0.84249

118 0.26688

120 0.27817

43 0.04828

7.96626

6.68246

7.85643

16.9934

Steven Robert

Cllne:

assumes cone of

second aqueous

sample equals Chat
of the first (le,
didn't use the

filtered sample
data)

SUven Robert

Cllne:

Did not use filtered

values.

hex cone, incr 46 ppb bet 4 & 24 hrs

but DF caused a 26,000 ppb increase

Vol of Phase at

sampling ug TCE in

aliq

0%

0%

0%

1%

aliq

0%

0%

0%

1%

aqueous

3%

2%

2%

3%

46.857

42.148

38.121

76.602

2884 950

4250.736

3792.638

4849.654

aqueous

2%

2%

1%

3%

hex

88%

116%

133%

155%

1.7%

1.5%

1.4%

2.8%

104.8%

154.4%

137.8%

176.2%

hex

105%

154%

138%

176%

total

92%

117%

135%

158%

total

107%

156%

139%

180%
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Experi 2b-3, Sludge Hexane Ext Test For additional comments, seetheRMAL Laboratory Research Notebook

CONTAINER #3

ORNL Sample iCollect Elapsed Hexane Vol of sam Hexane GCValu

GC * Name Sample Typ Bottl Time Time (min Vol (mL) Sample (m Layer DF (ug/L)

251 TSF-05-3-30-A Aqueous 3 4/9/98 9 19 34 3 138 2967 NA 194

261 TSF-05-3-2hr-A Aqueous 3 4/9/98 10:49 124 3121 2728 NA 169

271 TSF-05-3-4hr-A Aqueous 3 4/9/98 12:47 242 3.109 3018 NA 183

281 TSF-05-3-24hr- Aqueous 3 4/10/98 8:20 1415 3 089 2993 NA 193

247R TSF-05-3-30-H Hexane 3 4/9/98 9:18 33 10 336 0 085 122 821 898

257R TSF-05-3-2hr-H Hexane 3 4/9/98 10:47 122 10394 0 080 130.434 895

267R TSF-05-3-4hr-H Hexane 3 4/9/98 12:45 240 10302 0 076 136 980 896

277R TSF-05-3-24hr- Hexane 3 4/10/98 8:15 1410 10.302 0.077 134.314 917

Sample

e TCE Con TCE Mass in

FLAG (ug/L) Aliquot (ug)

206 0.60984

193 0.52638

188 0.56856

199 0.59608

110,333 9.36157

116,740 9.37461

122,784 9.30184

123,196 9.5197

hex cone, increased 21 ppb bet 4 & 24 hrs

but DF caused a 412 ppb increase

CONTAINER #4

252 TSF-05-4-30-A Aqueous 4 4/9/98 9:19 34

262 TSF-05-4-2hr-A Aqueous 4 4/9/98 10:49 124

272 TSF-05-4-4hr-A Aqueous 4 4/9/98 12 47 242

282 TSF-05-4-24hr- Aqueous 4 4/10/98 8:20 1415

248R TSF-05-4-30-H Hexane 4 4/9/98 9:18 33

258R TSF-05-4-2hr-H Hexane 4 4/9/98 10:47 122

268R TSF-05-4-4hr-H Hexane 4 4/9/9812:45 240

278R TSF-05-4-24hr- Hexane 4 4/10/988:15 1410

3.118 2.982 NA 195 204 0.6092

3.113636 2.963 NA 177 186 0.55101

3.1 2.985 NA 184 191 0.57122

3.066667 2.986 NA 195 200 0.59816

10417 0.081818 128.315 903 115,830 9.47697

10.36818 0.083333 125.418 900 112,927 9.41056

10.28485 0.072727 142417 906 129,074 9.38717

10.26818 0.071212 145191 849 123,239 8.7761

Vol of Phase at

sampling ug TCE in

%of Initial Phase at Sa %of Initial

0.02% 43083 8855 0.3%

002% 40039 7.726 0 2%

002% 37 311 7.029 0.2%

0.02% 34293 6.830 0.2%

41 029 4526823 136%

40 944 4779.814 143%

40 864 5017.412 150%

40.788 5024.908 151%

aliq aqueous hex

002% 42540 8.691 0.3%

002% 39.486 7.343 0.2%

002% 36.523 6.989 0.2%

0.02% 33.538 6.718 0.2%

40 970 4745.507 144.1%

40.888 4617.332 140 2%

40 805 5266787 1599%

40 732 5019.742 1524%

total

0% 0.3% 136% 136%

0% 0.2% 143% 144%

0% 0.2% 150% 151%

0% 0.2% 151% 151%

hex cone dropped 57ppb between 4 and 24hrs

but DF caused a 5835 ppb decrease

aliq aqueous hex total

0.02% 0.26% 14411% 144.40%

002% 0.22% 140 22% 140 46%

0.02% 0.21% 159.94% 160.17%

002% 0.20% 152 44% 152.66%



O
I

en

Experiment: 2b-3b, Sludge Hexane ExtTest

Calibration Curve Date:

Experiment Start Date:

8/26/98

9/14/98

For additional comments, see the RMAL LaboratoryResearch Notebook

Most Columns onthe following page are selfexplanatory except for the following:
Col 21 isthe GC value ofthe GC sample listed inCols 14 and 15 (It is linked tothis file from the G.C. spreadsheets)
Col 23= Col 21 x Col 19x conversion factors to yield TCE massof the aliquot (ug)
Col 24 isthe Volume ofSample remaining in the reactor at the time ofthe current sampling
Col25= Col 21 xCol 24xconversion factors toyield TCE mass inthe Reactor at thecurrent sampling (ug)
Col 26= running total of Col 23
Col 27= Col 25 + Col 26
Cols 28.29&30: Cols 24.2S&26 expressed in %Recovered Thus, these values assume 44ug TCE Initially in each Reactor
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CONTAINER HI

ORNL Sample Bottle Collect Elapsed Hex Aliquot Hexane GC Value TCE in Vol TCE TCE In Prev Total TCE Sample Aliquot Total TCE

GC» Name No Time Time (hrs) Vol (mL) Sample DF (ppb) FLAG Aliquot(ug) Hex (mL) sample (ug) Aliquots (ug) (ug) %Rec %Rcc %Rec

1999 2b-3b-2-2hrs 2 9/1579810:10 21 1.0 1.000 1,142 1.142080179 39.51 45.1 0 45.1 103% 0% 103%

2000 2b-3b-2-4hrs 2 9/15/9812:10 4 1 1.0 1.000 1,168 1.167837153 38.51 45.0 1.142080179 46.1 102% 3% 105%

2001 2b-3b-2-6hrs 2 9/15/9814:10 61 1.0 1.000 1.175 E 1.17491047 37.51 44.1 2.309917331 46.4 100% 5% 105%

2002 2b-3b-2-20hrs 2 9/16798 7:00 229 1.0 1.000 1,195 E 1.195232877 36.51 43.6 3.484827801 47.1 99% 8% 107%

2003 2b-3b-2-24hrs 2 9/16798 8:10 24 1 1.0 1C100 1.189 E 1.188969427 35.51 42.2 4.680060676 46.9 96% 11% 107%

2014 2b-3b-2-48hrs 2 9/17/98 8:10 48 1 1.0 1000 1,201 E 1.200605823 34.51 41.4 5.869030106 47.3 94%

1
13%

Average:

107%

106%|
CONTAINERS

ORNL Sample Bottle Collect Elapsed Hex Aliquot Hexane GC Value TCE in Vol TCE TCE in Prev Total TCE Sample Aliquot Total TCE

GCH' Name No Time Time (hrs) Vol (mL) Sample DF (ppb) FLAG Aliquot(ug) Ilex (mL) sample (ug) Aliquots (ug) (ug) %Rec %Rec %Reo

2004 2b-3b-2-2hrs 3 9/15/9810:10 21 1.0 1.000 1,152 1.151764088 39.53 45.5 0 45.5 103% 0% 103%

2005 2b-3b-2-4hrs 3 9/15/9812:10 4.1 1.0 1000 1,153 1.152968679 38.53 44.4 1.151764088 45.6 101% 3% 104%

2006 2b-3b-2-6hrs 3 9/15/9814:10 61 1.0 1.000 1,175 E 1.175198149 37.53 44.1 2.304732767 46.4 100% 5% 105%

2007 2b-3b-2-20hrs 3 9/16/98 7:00 229 1.0 1.0O0 1.192 E 1.191745162 36.53 43.5 3.479930916 47.0 99% 8% 107%

2008 2b-3b-2-24hrs 3 9/16/98 8:10 24 1 1.0 1000 1.190 E 1.190126835 35.53 42.3 4.671676079 47.0 96% 11% 107%

2015 2b-3b-2-48hrs 3 9/17/98 8:10 48.1 1.0 1000 1,199 E 1.198602632 34.53 41.4 5.861802913 47.2 94%

1
13%

Average:

107%

106%|

CONTAINERS

ORNL Sample Bottle Collect Elapsed Hex Aliquot Hexane GC Value TCE in Vol TCE TCE in Prev Total TCE Sample Aliquot Total TCE

GC» Name No Time Time (hrs) Vol (mL) Sample DF (ppb) FLAG Aliquot{ug) Hex (mL) sample (ug) Aliquots (ug) (ug) %Reo %Reo %Reo

2009 2b-3b-2-2hre 4 9/15/9810:10 2.1 1.0 1.000 1,167 1.166700168 39.53 46.1 0 46.1 105% 0% 105%

2010 2b-3b-2-4hrs 4 9/1579812:10 4 1 1.0 1.000 1.173 E 1.173180169 38.53 45.2 1.166700168 46.4 103% 3% 105%

2011 2b-3b-2-6hrs 4 9/1579814:10 61 1.0 1.000 1,172 E 1.172301638 37.53 44.0 2.339880337 46.3 100% 5% 105%

2012 2b-3b-2-20hre 4 9/16/98 7:00 229 1.0 1.000 1.172 E 1.17176783 36.53 42.8 3.512181976 46.3 97% 8% 105%

2013 2b-3b-2-24hrs 4 9/16/98 8:10 24.1 1.0 1.000 1,173 E 1.172642839 35.53 41.7 4.683949805 46.3 95% 11% 105%

2016 2b-3b-2-48hrs 4 9/17/98 8:10 48 1 1.0 1000 1,179 E 1.179453478 34.53 40.7 5.856592645

s

46.6 93%

1
13%

Average:

106%

105%|
1169 THE LARGEST CALB STANDARD CONCENTRATION

Minimum 27.00 ug

Maximum 47.30 ug

Difference 20.30 ug
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Flask

No.

RXN

Time

(hrs)

Sample

Name

Time elapsed
since oxidation

addition (T=0)

The Target/Desired
Sampling Time (since
T=0) for each sample.

Initial Amt added

(determined
gravimetrically
assuming spg=1)

Prepared by: S.R. Cline

10

I Sample Data
Volume

GW Used

(mL)

Media

Type

Desc. Of

Reactor

Contents

Solid

Mass

(grams)

Amt of solid

phase TAN site
material added

(Gravimetric
Determination)

Approx. 6.5 mL

vol (mL)

aqueous

aliquot

Cum

Aliquot

Vol (mL)

Actual

Vol at

Sampling

Actual

L/S

Ratio

Col 5/Col 7

(Assumed thatmass of
solid withdrawn in

aliquot was neglible)

Computed for each
sampling interval as:
Col4-Col8+Col11

(col 8 from prev. sampling
period; Col 11 not used for
1%& 3% Mn04 loadings)

Running total of
aliquot volume
removed from each

reactor

Last Updated: 11/22/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

11 12

Mn04- Calb. Slope:
Calibration Date

13 14 15 16

STOCK SOLUTION ABS or CONC: DF:

17 18 19 20
slope df ofstock jCONC: Stock Cone.

'*W: illlilliRMAL
'•mmmmm^^^^z,
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site
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Laboratory Evaluation of InSitu Chemical Oxidation as aTechnology for Groundwater Remediation atthe INEFX TAN Site

75-77
Exp.

Mn04- Calb. Slope:
ICalibration Date: 06/10/98

Repeated 3a-Rl
0.022 STOCK SOL

For additiona comments, see jiboratory N oleboi>kB000025 i^-i i

inTON ABS: 0.514 DF: 1666.667 CONC: 38384.029 mg/L Mn04-

•MSMiuuiMsmmmm nu riat» i

Volume Solid vol(mL) Cum Actual Actual Volume Initial Aliquot Final Final mgMnOCum. Cum mg MnOt-

Flask RXN Sample GW Used Media Mass aqueous Aliquot Vol at L/S KMnOt Mn04- Mn04- Spec Mn04- Consume mg Mn04- mg Mn04 in Aliquot pH

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Samplini Ratio Added (n(mg/L) ABS DF (mg/L) in Interva Consumed pergormL Heading

1 0.00 Initial 199.905 DI WATER 0 6.5 6.5 199.9 NA 0 0.0 NA NA 99.0 0.0 0.0 0.00 u.u IN 1

0.58 30min 199.905 DI WATER 0 6.5 13 193.9 NA 0.5 99.0 0.423 5 94.8 0.8 0.8 0.00 0.6 NT

1.00 1 hour 199.905 DI WATER 0 6.5 19.5 187.4 NA 0.5 94.8 0.415 5 93.0 0.3 1.2 0.01 0.6 NT

2.03 2 hours 199.905 DI WATER 0 6.5 26 180.9 NA 0.5 93.0 0.394 5 88.3 0.9 2.0 0.01 0.6 NT

4.02 4hours 199.905 DI WATER 0 6.5 32.5 174.4 NA 0.5 88.3 0.413 5 92.5 -07 1.3 0.01 0.6 NT

20.42 20 hours 199.905 DI WATER 0 6.5 39 167.9 NA 0.5 92.5 0.408 5 91.4 0.2 1.4 0.01 0 6 NT

23.50 24 hours 199.905 DI WATER 0 6.5 45.5 161.4 NA 0.5 91.4 0.415 5 93.0 -0.3 1.2 0.01 0.6 NT

2 0.00 Initial 199.946 GW 0 6.5 6.5 199.9 NA 0 0.0 NA NA 99.0 0.0 0.0 0.00 0.0 NT

o
2 0.58 30min 199.946 GW 0 6.5 13 193.9 NA 0.5 99.0 0.423 5 94.8 0.8 0.8 0.00 0.6 NT

ro 2 1.00 1 hour 199.946 GW 0 6.5 19.5 187.4 NA 0.5 94.8 0.417 5 93.4 0.3 1.1 0.01 0.6 NT

o
2 2.03 2 hours 199.946 GW 0 6.5 26 180.9 NA 0.5 93.4 0.419 5 93.9 -0 1 1.0 0.00 0.6 NT

2 4.02 4hours 199.946 GW 0 6.5 32.5 174.4 NA 0.5 93.9 0.429 5 96.1 -0.4 0.6 0.00 0.6 NT

2 20.42 20 hours 199.946 GW 0 6.5 39 167.9 NA 0.5 96.1 0.426 5 95.4 0.1 0.7 0.00 0.6 NT

2 23.50 24 hours 199.946 GW 0 6.5 45.5 161.4 NA 0.5 95.4 0.411 5 92.1 0.5 1.2 0.01 0.6 NT

3 0.00 Initial 198.257 CB/GW 50.034 6.5 6.5 198.3 4.0 0 0.0 NA NA 99.8 0.0 0.0 0.00 0.0 NT

3 0.58 30min 198.257 CB/GW 50.034 6.5 13 192.3 3.8 0.5 99.8 0.405 5 90.7 1.7 1.7 0.03 0.6 NT

3 1.00 1 hour 198.257 CB/GW 50.034 6.5 19.5 185.8 3.7 0.5 90.7 0.392 5 87.8 0.5 2.3 0.05 0.6 NT

3 2.03 2 hours 198.257 CB/GW 50.034 6.5 26 179.3 3.6 0.5 87.8 0.382 5 85.6 0.4 2.7 0.05 0.6 NT

3 4.02 4hours 198.257 CB/GW 50.034 6.5 32.5 172.8 3.5 0.5 85.6 0.375 5 84.0 0.3 3.0 0.06 0.5 NT

3 20.42 20 hours 198.257 CB/GW 50.034 6.5 39 166.3 3.3 0.5 84.0 0.309 5 69.2 2.5 5.4 0.11 0.4 NT

3 23.50 24 hours 198.257 CB/GW 50.034 6.5 45.5 159.8 3.2 0.5 69.2 0.293 5 65.6 0.6 6.0 0.12 0.4 NT

4 0.00 Initial 198.9 CB/GW 50.001 6.5 6.5 198.9 4.0 0 0.0 NA NA 99.5 0.0 0.0 0.00 0.0 NT

4 0.58 30min 198.9 CB/GW 50.001 6.5 13 192.9 3.9 0.5 99.5 0.405 5 90.7 1.7 1.7 0.03 0.6 NT

4 1.00 1 hour 198.9 CB/GW 50.001 6.5 19.5 186.4 3.7 0.5 90.7 0.395 5 88.5 04 2 1 0.04 0.6 NT

4 2.03 2 hours 198.9 CB/GW 50.001 6.5 26 179.9 3.6 0.5 88.5 0.382 5 85.6 0.5 2.6 0.05 0.6 NT

4 4.02 4hours 198.9 CB/GW 50.001 6.5 32.5 173.4 3.5 0.5 85.6 0.379 5 84.9 0.1 2.7 0.05 0.6 NT

4 20.42 20 hours 198.9 CB/GW 50.001 6.5 39 166.9 3.3 0.5 84.9 0.315 5 70.6 2.4 5.1 0.10 0.5 NT

4 23.50 24 hours 198.9 CB/GW 50.001 6.5 45.5 160.4 3.2 0.5 70.6 0.295 5 66.1 0.7 5.9 0.12 0.4 NT

LastUpdated: 11/3/98

Preparedby: S.R. Cline
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for ^"dwaterRemediation at the INEELTAN Site
Experiment: Repeated 3a-Rl *» additional comments, see Laboratory Notebook B000025 Pages.

Experiment Start Date: 6/10/98

SiT^tdure was re performed using anew Mn04 calb curve and the oxidant was added via a4% stock solution
Collected a 6-7mL aliquot ateach sampling period.

Preparedby: S.R.Clinc
LastUpdated: 11/3/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. Repeated 3a-Rl For additional comments, see Laboratory Notebook B000025 75-77
Mn04- Calb. Slope: 0.022 STOCK SOLUTION ABS: 0.514 DF: 1666.667 CONC: 38384.029 mg/L Mn04-
ICalibration Date: 06/10/98

Volume Solid vol (mL) Cum Actual Actual Volume Initial Aliquot Final Final mg MnO- Cum. i
^^^SSBiaiipHData1
Cum mg Mn04-

Flask RXN Sample GW Used Media Mass aqueous Aliquot 'Vol at US KMn04 Mn04- Mn04- Spec Mn04- <Consume mg MnQ4- imgMn04in Aliquot pH
No. Time (hrs) Name (mL) Type (grams) aliquot 'i/ol (mL) Samplini Ratio Added(n{;mg/L) ABS DF (mg/L) inlntervaConsumed ]per g or mL Reading

5 0.00 Initial 199.124 AB/GW 49.859 6.5 6.5 199.1 4.0 0 0.0 NA NA 99.4 0.0 0.0 0.00 0.0 NT
5 0.58 30min 199.1 AB/GW 49.9 6.5 13 193.1 3.9 0.5 99.4 0.428 5 95.9 0.7 0.7 0.01 0.6 NT
5 1.00 1 hour 199.1 AB/GW 49.9 6.5 19.5 186.6 3.7 0.5 95.9 0.421 5 94.3 0.3 1.0 0.02 0.6 NT
5 2.03 2 hours 199.1 AB/GW 49.9 6.5 26 180.1 3.6 0.5 94.3 0.411 5 92.1 0.4 1.4 0.03 0.6 NT
5 4.02 4hours 199.1 AB/GW 49.9 6.5 32.5 173.6 3.5 0.5 92.1 0.42 5 94.1 -0.4 1.0 0.02 0.6 NT
5 20.42 20 hours 199.1 AB/GW 49.9 6.5 39 167.1 3.4 0.5 94.1 0.375 5 84.0 1.7 2.7 0.05 0.5 NT
5 23.50 24 hours 199.1 AB/GW 49.9 6.5 45.5 160.6 3.2 0.5 84.0 0.352 5 78.9 0.8 3.5 0.07 0.5 NT

6 0.00 Initial 200.168 AB/GW 49.9 6.5 6.5 200.2 4.0 0 0.0 NA NA 98.8 0.0 0.0 0.00 0.0 NT
6 0.58 30min 200.2 AB/GW 49.9 6.5 13 194.2 3.9 0.5 98.8 0.431 5 96.6 0.4 0.4 0.01 0.6 NT
6 1.00 1 hour 200.2 AB/GW 49.9 6.5 19.5 187.7 3.8 0.5 96.6 0.424 5 95.0 0.3 0.7 0.01 0.6 NT
6 2.03' 2 hours 200.2 AB/GW 49.9 6.5 26 181.2 3.6 0.5 95.0 0.414 5 92.7 0.4 1.1 0.02 0.6 NT

6 4.02 4hours 200.2 AB/GW 49.9 6.5 32.5 174.7 3.5 0.5 92.7 0.426 5 95.4 -0.5 0.7 0.01 0.6 NT
6 20.42 20 hours 200.2 AB/GW 49.9 6.5 39 168.2 3.4 0.5 95.4 0.391 5 87.6 1.3 2.0 0.04 0.6 NT
6 23.50 24 hours 200.2 AB/GW 49.9 6.5 45.5 161.7 3.2 0.5 87.6 0.366 5 82.0 0.9 2.9 0.06 0.5 NT

7 0.00 Initial 199.859 SED1/GW 50 6.5 6.5 199.9 4.0 0 0.0 NA NA 99.0 0.0 0.0 0.00 0.0 NT

7 0.58 30min 199.9 SED1/GW 50.0 6.5 13 193.9 3.9 0.5 99.0 0.364 5 81.5 3.4 3.4 0.07 0.5 NT

7 1.00 1 hour 199.9 SED1/GW 50.0 6.5 19.5 187.4 3.7 0.5 81.5 0.343 5 76.8 0.9 4.3 0.09 0.5 NT

7 2.03 2 hours 199.9 SED1/GW 50.0 6.5 26 180.9 3.6 0.5 76.8 0.322 5 72.1 0.9 5.1 0.10 0.5 NT

7 4.02 4hours 199.9 SED1/GW 50.0 6.5 32.5 174.4 3.5 0.5 72.1 0.309 5 69.2 0.5 5.6 0.11 0.4 NT

7 20.42 20 hours 199.9 SED1/GW 50.0 6.5 39 167.9 3.4 0.5 69.2 0.233 5 52.2 2.9 8.5 0.17 0.3 NT

7 23.50 24 hours 199.9 SED1/GW 50.0 6.5 45.5 161.4 3.2 0.5 52.2 0.229 5 51.3 0.1 8.6 0.17 0.3 NT

8 0.00 Initial 199.613 SED1/GW 50.087 6.5 6.5 199.6 4.0 0 0.0 NA NA 99.1 0.0 0.0 0.00 0.0 NT

8 0.58 30min 199.6 SED1/GW 50.1 6.5 13 193.6 3.9 0.5 99.1 0.378 5 84.7 2.8 2.8 0.06 0.6 NT

8 1.00 1 hour 199.6 SED1/GW 50.1 6.5 19.5 187.1 3.7 0.5 84.7 0.365 5 81.8 0.5 3.3 0.07 0.5 NT

8 2.03 2 hours 199.6 SED1/GW 50.1 6.5 26 180.6 3.6 0.5 81.8 0.348 5 78.0 0.7 4.0 0.08 0.5 NT

8 4.02 4hours 199.6 SED1/GW 50.1 6.5 32.5 174.1 3.5 0.5 78.0 0.341 5 76.4 0.3 4.3 0.09 0.5 NT

8 20.42 20 hours 199.6 SED1/GW 50.1 6.5 39 167.6 3.3 0.5 76.4 0.293 5 65.6 1.8 6.1 0.12 0.4 NT

8 23.50 24 hours 199.6 SED1/GW 50.1 6.5 45.5 161.1 3.2 0.5 65.6 0.271 5 60.7 0.8 6.9 0.14 0.4 NT

Prepared by: S.R. Cline LastUpdated: 11/3/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site
Experiment: Repeated 3a-R2 For additional comments, see Laboratory Notebook B000025 Pages: 82-84

Experiment Start Dale: 6/22/98

Comments:

This procedure wasre performed usinga newMn04 calb curveand theoxidant wasadded viaa 4% stocksolution
Collected a 6-7mLaliquot at eachsampling period.

Prepared by: S.R. Cline
LastUpdatcd: 11/3/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. Repealed 3a-R2 For addiliona comments, see Laboratory Notebook B0OOO25 82-84

Mn04- Calb.Slope: 0.022 STOCK SOLUTION ABS: 0.263 DF: 3333.333 CONC: 39280.16 mg/LMn04-
ICatibralion Date: 05710/98

asmm
nilial AllVolume Solid vol (mL) Cum Actual Actual

1
Volume quot Fina -inal mgMnOCum. Cum mg Mn04-

Flask RXN Sample GW Used Media Mass aqueous Aliquot Vol at L/S KMn04 Mn04- Mn04- Spec Mn04- Consume mgMn04 ng Mn04 in Aliquot pH
No. ~ime (hrs Name (mL) Type (grams) aliquot Vol (mL) Samplini Ratio Added (n mg/L) ABS DF (mg/L) n IntervaConsumedpergorml. Reading

1 000 Initial 200.0 01 WATER 0 6.5 65 2000 NA 0 0.0 NA NA 989.4 0.0 0.0 0.00 0.0 NT

1 0.57 30min 200.0 DI WATER 0 6.5 13 198.5 NA 5 989.4 0.435 50 974.5 30 3.0 001 6 3 NT

1 1.10 1 hour 200.0 DI WATER 0 6.5 19.5 192.0 NA 5 974.5 0.419 50 938.7 69 9.8 0.05 6.1 NT

1 2 32 2 hours 200.0 DI WATER 0 6.5 26 185.5 NA 5 938.7 0.428 50 958.9 -37 6 1 003 62 NT

1 423 4hours 200.0 DI WATER 0 6.5 32.5 179.0 NA 5 958.9 0.421 50 943.2 28 8.9 004 6 1 NT

1 21.15 20 hours 200.0 DI WATER 0 6.5 39 172.5 NA 5 9432 0.424 50 949.9 -12 77 004 6 2 NT

1 24 10 24 hours 200.0 DI WATER 0 6.5 45.5 166.0 NA 5 949.9 0.391 50 8760 123 20.0 0.10 5 7 NT

2 0.00 Initial 200.0 GW 0 6.5 65 2000 NA 0 0.0 NA NA 989.4 0.0 0.0 0.00 0.0 NT

2 0.57 30min 200.0 GW 0 6.5 13 196.5 NA 5 989.4 0.435 50 974.5 30 30 001 6 3 NT

2 1.10 1 hour 200.0 GW 0 6.5 19.5 192.0 NA 5 974.5 0.419 50 938.7 6.9 9.8 005 6 1 NT

2 2.32 2 hours 200 0 GW 0 6.5 26 185.5 NA 5 938.7 0.407 50 911.8 50 148 007 5 9 NT

2 423 4hours 200.0 GW 0 65 325 179 0 NA 5 911 8 0.414 50 927.5 •28 12 0 006 60 NT

2 21.15 20 hours 200.0 GW 0 6.5 39 172.5 NA 5 927.5 0.422 50 945.4 -3 1 8.9 004 6.1 NT

2 24.10 24 hours 200.0 GW 0 6.5 455 166.0 NA 5 945.4 0.402 50 900.6 7.4 16.4 008 5 9 NT

3 0.00 Initial 200.0 CB/GW 50.5 6.5 65 2000 4.0 0 0.0 NA NA 989.4 0.0 0.0 000 0.0 NT

3 0.57 30min 200.0 CB/GW 505 6.5 13 198.5 3 9 5 989.4 0.435 50 974.5 30 3.0 006 6 3 NT

3 1.10 1 hour 200.0 CB/GW 50.5 6.5 19.5 192.0 3.8 5 974.5 0.434 50 972.3 0.4 3.4 007 6 3 NT

3 2.32 2 hours 200.0 CB/GW 505 6.5 26 185.5 3.7 5 972.3 0.415 50 929.7 79 113 022 6 0 NT

3 4.23 4hours 200.0 CB/GW 50.5 6.5 325 179.0 3.5 5 929.7 0.432 50 967.8 -6.8 45 009 6.3 NT

3 21.15 20 hours 200.0 CB/GW 50.5 6.5 39 172.5 3.4 5 967.8 0.413 50 925.2 7.3 118 0.23 6 0 NT

3 24.10 24 hours 200.0 CB/GW 50.5 6.5 45.5 166.0 33 5 9252 0.401 50 8984 45 16.3 032 5.8 NT

0.00 Initial 200.0 CB/GW 50.31 6.5 6 5 2000 4.0 0 0.0 NA NA 989 4 0.0 0.0 000 0.0 NT

0.57 30min 200.0 CB/GW 50.31 65 13 1985 3.9 5 969.4 0.432 50 967.8 4.3 4.3 0.09 6 3 NT

1.10 1 hour 200.0 CB/GW 50.31 6.5 19.5 192.0 3.8 5 967.8 0.406 50 909.6 11.2 155 0 31 5.9 NT

232 2 hours 200.0 CB/GW 50.31 6.5 26 185.5 3.7 5 909.6 0.413 SO 9252 •2.9 12 6 0.25 6 0 NT

4.23 4hours 200.0 CB/GW 50.3t 6.5 32.5 179.0 3.6 5 925.2 0.417 50 9342 -16 110 022 6.1 NT

21 15 20 hours 200.0 CB/GW 5031 65 39 172.5 3.4 5 934.2 0.406 50 909.6 4.3 15.2 0 30 5 9 NT

24.10 24 hours 200.0 CB/GW 50.31 6.5 45.5 166.0 3.3 5 909.6 0.393 50 891.6 3.0 18 2 0 36 5.8 NT

Prepared by: S.R. Cline LaslUpdated: 11/3/98
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Laboratory Evaluation of InSituChemical Oxidation asaTechnology forGroundwater Remediation attheINEEL TANSite

"F.xp. Repeated 3a-R2 ForacIdilional comments, seeUboratory Not(*ooklB000025 B4-B4

Mn04- Calb Slope: 0.022 STOCK SOLUTION ABS: 0263 DF: 3333.333 CONC: 39280 16 mg/L MnOt-

Icalibral ion Dale: 06710/98 ^^^

Volume Solid vol (mL) Cum Actual Actual Volume Imua] Aliquot Final Final mgMnOCum. Cum mg MnQ4-

Flask RXN Sample OW Used Media Mass aqueous Aliquot Vol at L/S KMn04 Mn04- Mn04- Spec Mn04- Consume mg Mn04- mg Mn04 in Aliquot pH

No. "inie (hrs Name (ml.) Type (grams) aliquot Vol (mL)SamptiniRalio Added (n (mg/L) ABS DF (mg/L) in Intern Consumed per g or mL Reading

5 0.00 Initial 200.0 AB/GW 49.98 6.5 65 200.0 4 0 0 0.0 NA NA 989.4 0.0 0.0 000 0.0 NT

5 0.57 30min 200.0 AB/GW 50.0 6.5 13 198.5 4.0 5 989.4 0.435 50 974.5 30 30 0.06 6 3 NT

5 1.10 1 hour 200.0 AB/GW 50.0 6.5 19.5 192.0 3.8 5 974.5 0.427 50 956.6 34 64 0.13 6 2 NT

5 2 32 2 hours 200.0 AB/GW 50.0 6.5 26 185.5 3.7 5 956.6 0.406 50 909.6 87 151 0.30 5.9 NT

5 4.23 4hours 200.0 AB/GW 50.0 6.5 325 179.0 3.6 5 909.6 0.413 50 9252 -2 8 12 3 0.25 60 NT

5 21.15 20 hours 200.0 AB/GW 50.0 6.5 39 172.5 3.5 5 925.2 0.416 50 932.0 -1.2 112 0 22 6 1 NT

5 24.10 24 hours 200.0 AB/GW 50.0 6.5 45.5 166.0 33 5 932.0 0.4 50 896.1 60 17.1 0.34 5.8 NT

6 0.00 Initial 200.0 AB/GW 49.96 6.5 6.5 2000 4.0 0 0.0 NA NA 989.4 0.0 0.0 000 0 0 NT

6 0.57 30mln 200.0 AB/GW 50.0 6.5 13 198.5 4.0 5 989.4 0.43 50 963.3 5.2 52 0.10 6 3 NT

6 1.10 1 hour 200.0 AB/GW 50.0 6.5 19.5 192.0 3.8 5 963.3 0.411 50 920.8 82 13.4 027 60 NT

6 2.32 2 hours 200.0 AB/GW 50.0 6.5 26 185.5 3.7 5 920.8 0.406 50 909.6 2.1 15.4 0.31 5.9 NT

6 423 4hours 200.0 AB/GW 50.0 6.5 32.5 179.0 3.6 5 909.6 0.426 50 954.4 -80 7.4 0.15 6 2 NT

6 21.15 20 hours 200.0 AB/GW 50.0 6.5 39 172.5 35 5 954.4 0.415 50 929.7 4.3 11.7 0.23 6 0 NT

6 24.10 24 hours 200.0 AB/GW 50.0 6.5 45.5 166.0 33 5 929.7 0.41 50 918.5 19 135 0.27 6 0NT

7 0.00 Initial 200.0 SED1/GW 50.07 6.5 6.5 200.0 4.0 0 0.0 NA NA 989.4 00 0.0 000 0 0 NT

7 0.57 30min 200.0 SED1/GW 50.1 65 13 198.5 4.0 5 989.4 0.42 50 940.9 96 96 0 19 6 1 NT

7 1.10 1 hour 200.0 SED1/GW 50.1 6.5 19.5 192.0 38 5 940.9 0.412 50 9230 3.4 13 1 0 26 6 0 NT

7 2.32 2 hours 200.0 SED1/GW 50.1 65 26 165.5 37 5 923.0 0.422 50 945.4 -4.2 89 0.18 61 NT

7 4.23 4hours 200.0 SED1/GW 50.1 65 32.5 179.0 3.6 5 945.4 0.41 50 9185 48 13 7 027 6.0 NT

7 21.15 20 hours 200.0 SED1/GW 50.1 6.5 39 172.5 3.4 5 918.5 0398 50 891.6 4.6 184 037 5 8 NT

7 24.10 24 hours 200.0 SEDI/GW 50.1 6.5 45.5 166.0 3.3 5 891.6 0.395 50 884.9 1.1 19 5 039 5 8 NT

8 0.00 Initial 200.0 SEDI/GW 45 6.5 65 200.0 4.4 0 0.0 NA NA 989.4 0.0 0.0 000 0.0 NT

8 0.57 30min 200.0 SEDI/GW 45.0 6.5 13 198.5 4.4 5 989.4 0.428 50 958.9 6 1 6 1 013 6 2 NT

8 1.10 1 hour 200.0 SEDI/GW 45.0 6.5 19.5 192.0 4.3 5 958.9 0.419 50 938.7 39 9.9 022 6.1 NT

8 2.32 2 hours 20O.O SEDI/GW 45.0 6.5 26 185.5 4.1 5 938.7 0.424 50 949.9 -2 1 7.9 017 6 2 NT

8 4.23 4hours 200.0 SEDI/GW 45.0 6.5 32.5 179.0 4.0 5 949.9 0.414 50 927.5 40 11.9 026 6 0 NT

8 21.15 20 hours 200.0 SEDI/GW 45.0 6.5 39 172.5 38 5 927.5 0.412 50 923.0 08 12.6 0 28 6 0 NT

8 24.10 24 hours 200.0 SEDI/GW 45.0 6.5 45.5 166.0 3.7 5 923.0 0.388 50 869.2 89 21.6 0.48 5.7 NT

Prepared by: S.R. Cline LaslUpdatcd; 11/.V98
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Laboratory Evaluation of InSitu Chemical Oxidation as aTechnology for Groundwater Remediation at theINEEL TAN Site
Experiment: Repeated 3a-R3 For additional comments, see Laboratory Notebook B000025 Pages: 85-86

Experiment Start Date: 6/25/98

Comments:

Re-performed aftera newcalibration curvewasprepared.
Collected a 6-7 mL aliquot at each sampling period.
(still performed by adding solid KMnCM)
Laboratory notebook does indicate that the dilutions for the I and 2 time points was made using anadjuslible pipette. Dilutions for the other time
pointswere madeusinga lOuL Hamilton syringefor betteraccuracy.

Prepared by: S.R.Cline LaslUpdatcd: 11/3/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

F.xp.

Mn04- Calb. Slope:
ICatibralion Dale: 06/10/98

Flask

No.

RXN Sample
Time (hrs) Name

0 Initial

0.92

2.08

3.33

4.17

19.67

23.92

0

0.92

2.08

3.33

4.17

19 67

23.92

0

0.92

2.08

3.33

4.17

19.67

23.92

0

0.92

2.08

3.33

4.17

19.67

23.92

1 hour

2 hours

3 hours

4 hours

20 hours

24 hours

Initial

1 hour

2 hours

3 hours

4 hours

20 hours

24 hours

Initial

1 hour

2 hours

3 hours

4 hours

20 hours

24 hours

Initial

1 hour

2 hours

3 hours

4 hours

20 hours

24 hours

Preparedby; SR.CIine

Repealed 3a-R3

Volume

OW Used Media

(mL) Type
200.006 DI Water

200.006 DI Water

200.006 01 Water

200.006 DI Water

200.006 DI Water

200.006 DI Water

200.006 DI Water

199.67 GW

199.67 GW

199.67 GW

199.67 GW

199.67 GW

199.67 GW

199.67 GW

200.06 CB/GW

200.06 CB/GW

200.06 CB/GW

200.06 CB/GW

200.06 CB/GW

200.06 CB/GW

200.06 CB/GW

199.972

199.972

199.972

199.972

199.972

199.972

199.972

CB/GW

CB/GW

CB/GW

CB/GW

CB/GW

CB/GW

CB/GW

For additional comments, see Laboratory Notebook B00OO25

ISample Dam

Cum Actual Actual

Aliquol Vol at US
Vol (mL) Samplini Ratio

6.5 MOO NA

193.5 NA

187.0 NA

180.5 NA

174.0 NA

167.5 NA

161.0 NA

Solid vol (ml)
Mass aqueous
(grams) aliquot

0 6.5

0

0

0

0

0

0

0

0

0

0

0

0

0

60.055

50.055

50.055

50.055

50.055

50.055

50.055

50

50

50

50

50

50

50

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

65

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.S

6.5

13

19.5

26

32.5

39

45.5

65

13

19.5

28

32.5

39

45.5

6.5

13

19.5

26

32.5

39

45.5

65

13

32.5

39

45.5

199.7 NA

193.2 NA

186.7 NA

180.2 NA

173.7 NA

167.2 NA

160.7 NA

200.1

193.6

187.1

180.6

174.1

167.6

161.1

2000

193.5

19.5 187.0

26 180.5

174.0

167.5

161.0

Mass Initial Aliquol
KMnCH Mn04- Mn04-

Addtd(n(mg/L) ABS
0 0NA

10355

9611

9521

10171

10126

8760

Final

Spec

DF

NA

Final mg MnC4- Cum.
Mn04- Consumed mg Mn04-
(mg/L) in Interval Consumed

JkWmmmBKNHHKmQoH Dala
Cum mg Mn04-
mgMnOI in Aliquot pH
per g or mL Reading

0.0 000 0.0 NT

144.0 0.72 62.5 NT

1608 0.80 61.9 NT

435 0.22 66.1 NT

51.3 026 65 8 NT

280.2 1 40 56.9 NT

218.9 1.09 59.4 NT

0.0 000 0.0 NT

107.3 054 63.8 NT

801.5 4.01 39.6 NT

127.5 0.64 63 9 NT

1002 050 64 9 NT

118.9 060 64.2 NT

122 5 0 61 64 1 NT

0.0 0.00 0.0 NT

825 1.65 64.5 NT

406 081 660 NT

12 3 0 25 67.0 NT

63.0 1 26 65.1 NT

81.7 1.63 64 4 NT

56.5 1.13 65.4 NT

0.0 0.00 0.0 NT

96.7 1.93 64.1 NT

50.6 1.01 65.7 NT

708 1.42 64.9 NT

47.4 0.95 65.8 NT

81 2 1.62 64.5 NT

99.2 1.98 63.8 NT

2660.5

2660.5

2660.5

2660.5

2660.5

2660.5

0

2659.2

2659.2

2659.2

2659.2

2659.2

2659.2

4.0 0

3.9 2660.1

3.7 2660.1

36 2660.1

3.5 2660.1

3.3 2660.1

3.2 2660.1

4.0 0

3.9 2660.5

3.7 2660.5

3.6 2660.5

3.5 2660.5

3.3 2660.5

3.2 2660.5

0NA

10368

9813

6094

9835

9992

0NA

10351

9925

10149

10305

10014

9902

0NA

10357

9857

10104

9992

10126

9925

0.429

0.425

0.454

0.452

0.391

0.408

0.438

0.272

0.439

0.446

0.441

0.44

0.443

0.453

0.46

0.447

0.442

0.449

0.44

0.451

0.446

0.452

0.443

0.438

10355.2

500 9611

500

500

500

500

500

9521

10171

10126

8760

9140

10368.1

9813

6094

9835

9992

9880

9857

500

500

500

500

500

500

10350.8

500 9925

500 10149

500 10305

500 10014

500 9902

500 10059

10357.0

500 9857

500 10104

500 9992

500 10126

500 9925

0.0

1440

16.8

-117.3

78

228.9

-61.3

0.0

107.3

694.2

•674.1

-27.2

18.7

36

0.0

82.5

-41.9

-28.3

50.7

188

-25.3

0.0

96.7

-46.1

202

-23.4

33.8

18 0

LaslUpdatcd: 11/.V98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation al the INEEL TAN Site

Exp. Repealed 3a-R3 For additional comments, see Laboratory Notebook BOO0O25
Mn04- Calb. Slope: 0.022

ICalibration Date: 06/10/98 1

Volume Solid vol (mL) Cum Actual Actual Mass Initial Aliquol Final Final mg MnOI- Cum. Cum mg Mn04-
Rask RXN Sample OW Used Media Mass aqueous Aliquot Vol at US KMnCM MnC4- Mn04- Spec MnCM- Consumed mg Mn04- mg MnOI in Aliquol pH
No. Time (hrs) Name (mL) Type (grams) aliquot Vol(mL) SampliniRalio AddedOr(mg/L) ABS DF (mg/L) in Interval Consumed pergormL Reading

5 0 Initial 199.729 AB/GW 50.181 6.5 65 199.7 4.0 0 0NA NA 10371.2 0.0 0.0 0.00 0.0 NT

5 0.92 1 hour 199.7 AB/GW 50.2 6.5 13 193.2 3.9 2660.8 10371 0.315 500 7057 640.4 640.4 12.76 45.9 NT

5 2.08 2 hours 199.7 AB/GW 50.2 6.5 19.5 186.7 3.7 2660.8 7057 0.449 500 10059 -5606 798 1.59 65.4 NT

5 3.33 3 hours 199.7 AB/GW 50.2 6.5 28 160.2 36 2660.8 10059 0.458 500 10261 -36.3 43.5 087 66 7 NT

5 4.17 4 hours 199.7 AB/GW 50.2 6.5 32.5 173.7 35 2660.8 10261 0.455 500 10193 11.7 55.2 1.10 66.3 NT

5 19.67 20 hours 199.7 AB/GW 50.2 6.5 39 167.2 3.3 2660.8 10193 0.449 500 10059 225 77.7 1.55 65.4 NT

5 23.92 24 hours 199.7 AB/GW 50.2 6.5 45.5 160.7 3.2 2660.8 10059 0.45 500 10081 -36 74 1 148 65 5 NT

6 0 Initial 199.689 AB/GW 50.05 6.5 65 199.7 4.0 0 0NA NA 10370.2 0.0 0.0 000 0.0 NT
6 0.92 1 hour 199.7 AB/GW 50.1 6.5 13 193.2 3.9 2660 10370 0.315 500 7057 640.1 6401 12.79 45.9 NT

6 2.08 2 hours 199.7 AB/GW 50.1 6.5 19.5 186.7 3.7 2660 7057 0.45 500 10081 -5646 75.5 1 51 65.5 NT

6 3.33 3 hours 199.7 AB/GW 50.1 6.5 26 180.2 3.6 2660 10081 0.458 500 10261 -323 43.2 086 66.7 NT

6 4.17 4 hours 199.7 AB/GW 50.1 6.5 32.5 173.7 3.5 2660 10261 0.452 500 10126 233 665 1.33 65 8 NT

6 19.67 20 hours 199.7 AB/GW 50.1 6.5 39 167.2 3.3 2660 10126 0.45 500 IO081 7.5 74.0 1.48 65 5 NT
6 23.92 24 hours 199.7 AB/GW 50.1 . 6.5 45.5 160.7 3.2 2660 10081 0.445 500 9969 18 0 920 1.84 64 8 NT

7 0 Initial 199.742 SEDI/GW 50.002 6.5 65 199.7 4.0 0 0NA NA 10365.8 0.0 0.0 000 0.0 NT
7 0.92 1 hour 199.7 SEDI/GW 50.0 6.5 13 193.2 3.9 2659.6 10366 0.454 500 10171 37.6 37.6 0.75 66 1 NT
7 2.08 2 hours 199.7 SED1/GW 50.0 6.5 19.5 186.7 3.7 2659.6 10171 0.467 500 10462 -54.4 -16 7 -033 68 0 NT

7 3.33 3 hours 199.7 SEDI/GW 50.0 6.5 26 180.2 3.6 2659.6 10462 0.455 500 10193 48.5 31.7 0.63 66.3 NT
7 4.17 4 hours 199.7 SEDI/GW 50.0 6.5 32.5 173.7 3.5 2659.6 10193 0.457 500 10238 -7.8 23.9 0.48 66.5 NT
7 19 67 20 hours 199.7 SEDI/GW 50.0 6.5 39 167.2 3.3 2659.6 10238 0.442 500 9902 56.2 80.1 160 644 NT

7 23.92 24 hours 199.7 SEDI/GW 50.0 6.5 45.5 160.7 3.2 2659.6 9902 0.456 500 10216 -504 29.7 059 66.4 NT

6 0 Initial 199.642 SED1/GW 50.02 6.5 6.5 199.6 4.0 0 0NA 1YA 10377.8 0.0 0.0 0.00 0.0 NT
6 0.92 1 hour 199.6 SEDI/GW 50.0 6.5 13 193.1 3.9 2661.3 10378 0.468 500 10485 -206 -206 -0.41 68 2 NT

8 2.08 2 hours 199.6 SE01/GW 50.0 65 19.5 186.6 3.7 2661.3 10485 0.468 500 I04B5 00 -206 •0.41 68 2 NT

8 3.33 3 hours 199.6 SEDI/GW 50.0 6.5 26 180.1 3.6 2661.3 10465 0.481 500 10328 28.3 76 0.15 67.1 NT

8 4.17 4 hours 199.6 SED1/GW 50.0 6.5 32.S 173.6 3.5 2661.3 10328 0.461 500 10328 0.0 7.6 0.15 67.1 NT

a 19.67 20 hours 199.6 SED1/GW 50.0 6.5 39 167.1 3.3 2661.3 10328 0.445 500 9969 59.9 675 1.35 64 8 NT

8 23.92 24 hours 199.6 SEDI/GW 50.0 6.5 45.5 160.6 3.2 2661.3 9969 0.453 500 10149 -28.8 38.7 0.77 66.0 NT

Prepared by: S.R. Cline LaslUpdated: 11/3/98
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Laboratory Evaluation of InSituChemical Oxidation asaTechnology forGroundwater Remediation at the INEEL TANSite

Experiment: 3b-Rl For additional comments, seeRMALLaboratory Notebook

Comments:

Total Carbon % Inorganic Carbon % TOC%

Sample Result | Error Result Error Result | Error

3D-R1-3 4.89 0.489 1.47 0.147 3.42 0.342

3b-R1-4 3.83 0.383 1.19 0.119 2.64 0.264

INEEL Dry

Preparedby: S.R. Cllne
LaslUpdatcd: 11/3/98



Laboratory Evaluation of In Situ ChemicalOxidation as a Technologyfor Groundwater Remediation at the INEEL TAN Site

Exp 3b-Rl
MnCM- Calb. Slope:
Catihralinn Dale: 5/5/VX

Foraddilional comments, see RMAL Laboratory Notebook

Volume Solid vol(mL) Cum Actual Actual Mass Initial Aliquol
Flask RXN Sample GW Used Media Mass aqueousAliquot Volat L/S KMnCW MnCM- Mn04-
No. Time(hrs) Name (mL) Type (grams) aliquol Vol(mL) Samplini Ralio Added (rt (mg/L) (mg/L)

0.01

0.17

0.80

1.30

2.30

5.00

Initial

10 min

48 min

1.5 hours

2.5 hours

5 hours

24.00 24 hours

2 0 Initial

2 0.17 10 min

2 0.80 48 min

2 1.30 1.5 hours

2 230 2.5 hours

2 5.00 5 hours

2 24.00 24 hours

3 0.01 Initial

3 0.17 10 min

3 0.80 48 min

3 1.30 1.5 hours

3 2.30 2.5 hours

3 5.00 5 hours

3 24.00 24 hours

4 0 Initial

4 0.17 10 min

4 0.80 48 min

4 1.30 1.5 hours

4 2.30 2.5 hours

4 5.00 5 hours

4 24.00 24 hours

Preparedby: S R. Cline

398 GW

398 GW

398 GW

398 GW

398 GW

398 GW

398 GW

401 GW

401 GW

401 GW

401 GW

401 GW

401 GW

401 GW

403 TSF Sludge
403 TSF Sludge
403 TSF Sludge
403 TSF Sludge
403 TSF Sludge
403 TSF Sludge
403 TSF Sludge

396 TSF Sludge
396 TSF Sludge
396 TSF Sludge
396 TSF Sludge
396 TSF Sludge
396 TSF Sludge
396 TSF Sludge

107

107

107

107

107

107

112

112

112

112

112

112

ISampleDtu

6.5

6.5

65

6.5

6.5

6.5

6.5

6.5

65

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

6.5

65

6.5

6.5

6.5

6.5

6.5

6.5

6.5

13

19.5

26

32.5

39

45.5

6.5

13

19.5

26

32.5

39

45.5

6.5

13

19.5

26

32.5

39

455

65

13

19.5

26

32.5

39

45.5

3980 NA

391.5 NA

385.0 NA

378.5 NA

372,0 NA

365.5 NA

359.0 NA

40I0NA

394.5 NA

388.0 NA

381.5 NA

375.0 NA

368.5 NA

362.0 NA

40.3.0

396.5

390.0

383.5

377.0

370.5

364.0

3960

389.5

383.0

376.5

370.0

363.5

357,0

0.0

53.1

53.1

53.1

53.1

53.1

53 1

0.0

53.0

53.0

53.0

53.0

53.0

53.0

3.8 0.0

3.7 534

3.6 53.4

3.6 53.4

3.5 53.4

3.5 53.4

3.5 0.0

3.5 52.7

3.4 52.7

3.4 52.7

3.3 52.7

3.2 52.7

3.2 52.7

0.0 NA

102.2 in RMAL

97.5 In RMAL

100.0 In RMAL

100.0 In RMAL

101.0 In RMAL

100.5 in RMAL

0.0 NA

101.2 in RMAL

86 0 in RMAL

100.0 In RMAL

100.0 in RMAL

100.0 in RMAL

99.5 In RMAL

0.0 NA

101.4 In RMAL

0.0 in RMAL

0.0 in RMAL

0.0 in RMAL

0.0 in RMAL

0.0 in RMAL

0.0 NA

101.9 in RMAL

0.0 in RMAL

0.0 in RMAL

0.0 in RMAL

0.0 in RMAL

0.0 in RMAL

Final Final mg MnOCum. Cum mg MnCM-
Spec Mn04- ConsumemgMnmgMnCMinAliquot
DF (mgTL) in IntervaConsuiper gor mL
NA

5

5

5

5

5

5

NA

5

5

5

5

5

5

NA

5

5

5

5

5

5

NA

5

5

5

5

5

5

102.2

97.5

100.0

100.0

101.0

100.5

101.0

101.2

86.0

100.0

100.0

100.0

99.5

99.0

101.4

0.0

0.0

0.0

0.0

0.0

0.0

101.9

0.0

0.0

0.0

0.0

0.0

0.0

0.0 0.0

1.8

0.9

0.9

0 5

0.7

0 5

-1.0

00

-04

0 2

-02

0.0

60

-5.4

00

0.0

0 2

0 2

0.0

60

06

0.6

0.6

07

0.9

0.0 0.0

40.2 40.2

0.0 40 2

0.0 402

00 40 2

00 402

0.0

39.7

00

00

00

00

00

0.0

397

39.7

.19.7

39.7

39.7

.39.7

000

000

000

0.00

000

000

000

000

001

0.00

000

000

000

0.00

000

0 38

0 38

038

0 38

0 38

038

000

035

0.35

035

0.35

0 3J'
0.35

0.0

06

0.7

0 7

07

07

0.7

0.0

06

0.7

0.7

0 7

06

0.6

0.0

00

00

00

00

00

00

0.0

00

0.0

00

00

00

0.0

pH Dala

PH
Reading

7.89

7.93

7.95

8.00

8.03

8.02

8.17

7.89

7.98

7.98

8.00

8.03

8.05

8.25

7.10

6.94

6.75

6.73

6.64

6.62

6.59

7.66

7.22

7.18

7.19

7.11

7.13

7.18

LaslUpdatcd: 11/3/98



O

CO

LaboratoryEvaluation of In SEtu Chemical Oxidation as a Technology for GroundwaterRemediation at the INEEL, TAN Site

Experiment: 3b-R2 For additional comments, seeRMAL Laboratory Notebook

Experiment StartDate: 5/7/98

Comments:

Total Carbon % Inorganic Carbon */• TOC %

Sample Result | Error Result Error Result I Error
3b-R2-3

3bR2-4

3.04 0.304

2.42 0.242

0.673 0.0673

1.12 0.112

2.367 0.2367

1.3 0.13

INEEL Dry 0.811

Preparedby: S.R. Cline LaslUpdated: 11/3/98



Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 3b-R2 Foradditional commenls,seeRMAL Laboratory Notebook
MnOt- Calb. Slope:

CZ1
Calihfalmn Pate: 515m 5/5/98

I Sample DaU

Flask RXN Sample GW Used Media Mass aqueous Aliquot Vol at L/S KMn04 Mn04- Mn04- Spec Mn04- Consumed mg MnW- mg MnOI in Aliquot pH
No. Time (hrs) Name (mL) Type (grams) aliquot Vol(mL)SampliniRatio Added (n (mg/L) ABS DF (mg/L) n Interval Consumed per g or mL Readtnq

1 0.01 Initial 399 GW 0 6.5 6.5 3990 NA 0.0 0.0 NA NA 1016.4 0.0 0.0 0.00 0.0 7.89

1 0.17 10 min 399 GW 0 6.5 13 392.5 NA 529.7 1016.4 In RMAL 50 825.0 75.1 75.1 0.19 5.4 8.05

1 0.80 48 min 399 GW 0 6.5 19.5 386.0 NA 529.7 825.0 in RMAL 50 985.0 -61.8 1.3.4 0.03 64 8.07

1 1.30 1.5 hours 399 GW 0 6.5 26 379.5 NA 529.7 985.0 in RMAL 50 1000.0 -5.7 7.7 0.02 6.5 8.08

1 2.30 2.5 hours 399 GW 0 6.5 32.5 373.0 NA 529.7 1000.0 in RMAL 50 1000.0 0.0 7.7 0.02 6.5 8.09

1 5.00 5 hours 399 GW 0 6.5 39 366.5 NA 529.7 1000.0 in RMAL 50 995.0 18 95 002 65 8.09

1 24.00 24 hours 399 GW 0 6.5 45.5 360.0 NA 529.7 995.0 in RMAL 50 975.0 7.2 16.7 0.04 63 8.27

2 0 Initial 396 GW 0 6.5 6.5 396.0 NA 0.0 0.0 NA NA 1016.5 0.0 0.0 000 0.0

2 0.17 10 min 396 GW 0 6.5 13 389.5 NA 525.7 1016.5 in RMAL 50 785.0 90.2 902 023 5.1

2 0.80 48 min 396 GW 0 6.5 19.5 383.0 NA 525.7 785.0 in RMAL 50 980.0 -74.7 15.5 004 6.4

2 1.30 1.5 hours 396 GW 0 6.5 26 376.5 NA 525.7 980.0 in RMAL 50 1000.0 -7.5 8.0 002 6 5

2 2 30 2.5 hours 396 GW 0 6.5 32.5 370.0 NA 525.7 1000.0 in RMAL 50 1005.0 -19 6.1 0.02 6.5

2 5.00 5 hours 396 GW 0 6.5 39 363.5 NA 525.7 1005.0 in RMAL 50 995.0 3.6 9.8 0.02 6.5

2 24.00 24 hours 396 GW 0 6.5 45.5 357.0 NA 525.7 995.0 in RMAL 50 1010.0 -5.4 4.4 0.01 66

3 0.01 Initial 397 TSF Sludge 107 6.5 6.5 3970 3.7 0.0 0.0 NA NA 1016.6 0.0 0.0 000 0.0

3 0.17 10 min 397 TSF Sludge 107 6.5 13 390.5 3.6 527.1 1016.6 in RMAL 50 0.0 397.0 397.0 3.71 0.0

3 0.80 48 min 397 TSF Sludge 107 6.5 19.5 384.0 3.6 527.1 0.0 in RMAL 50 0.0 0.0 397.0 3.71 00

3 1.30 1.5 hours 397 TSF Sludge 107 6.5 26 377.5 3.5 527.1 0.0 in RMAL 50 0.0 00 397.0 3.71 0.0

3 2.30 2.5 hours 397 TSF Sludge 107 6.5 32.5 371.0 3.5 527.1 0.0 in RMAL 50 0.0 0.0 3970 3.71 0.0

3 5.00 5 hours 397 TSF Sludge 107 6.5 39 364.5 3.4 527.1 0.0 in RMAL 50 0.0 0.0 3970 3.71 0.0

3 24.00 24 hours 397 CB/GW 107 6.5 45.5 358.0 33 527.1 0.0 in RMAL 50 0.0 00 397.0 .3.71 0.0

4 0 Initial 393 TSF Sludge 117 6.5 6.5 39.3.0 3.4 0.0 0.0 NA NA 1017.4 0.0 0.0 0.00 0.0

4 0.17 10 min 393 TSF Sludge 117 6.5 13 386.5 3.3 522.1 1017.4 in RMAL 50 0.0 393.2 393.2 3.36 0.0

4 0.80 46 min 393 TSF Sludge 117 6.5 19.5 380.0 3.2 522.1 0.0 in RMAL 50 0.0 0.0 393.2 3.36 0.0

4 1.30 1.5 hours 393 TSF Sludge 117 6.5 26 373.5 3.2 522.1 0.0 in RMAL 50 0.0 00 3932 336 0.0

4 2.30 2.5 hours 393 TSF Sludge 117 6.5 32.5 367.0 3.1 522.1 0.0 in RMAL 50 0.0 0.0 39.3.2 3.36 0.0

4 5.00 5 hours 393 TSF Sludge 117 6.5 39 360.5 3.t 522.1 0.0 in RMAL 50 0.0 0.0 393.2' 3.36 0.0

4 24.00 24 hours 393 CB/GW 117 6.5 45.5 354.0 3.0 522.1 0.0 in RMAL 50 0.0 0.0 393.2 .3.36 0.0

Preparedby: S.R. Cline

7.89

8.05

8.05

8.08

8.10

8.12

8.16

7.38

7.00

7.01

7.01

7.00

7.04

7.06

7.33

7.00

6.94

6.96

6.93

6.96

7.03

LaslUpdatcd: 11/3/98



Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Rxperimenl: 3b-R3 Foradditional comments,see RMALLaboratory Notebook

Experiment Start Date: 5/7/98

Comments:

Tolal Carbon % InorganicCarbon % TOC %
Result Error Result Error Result Error

1.75 0.175 0.835 0.0835 0.915 0.0915

2.29 0.229 2.26 0.226 0.03 0.003

Sample
3bR3-3

3b-R3-4

INEEL Dry 8.11 0.811 1.44 0.144 6.67 0.667

Preparedby: S.R. Cline LaslUpdatcd: 11/3/98



Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 3b-R3 Foradditionalcomments, see RMAL Laboratory Notebook
MnOt- Calb. Slope: 0.046

1
Calioratiim Dale: 5/5/9H 5/5/98

1 1
Volume Solid vol (mL) Cum Actual Actual Mass Initial Aliquot Final Final mgMnCM- Cum. Cum mg Mn04-

pH Data

Flask RXN Sample GWUscd Media Mass aqueous Aliquot Vol al L/S KMn04 Mn04- Mn04- Spec Mn(>t- Consumed mgMnC4- mg MnOI in Aliquot pH
No. Time (hrs) Name (mL) Type (grams) aliquot Vcl_{mL) Samplini Ratio Added(n(mg/L) ABS DF (mg/L) n Interval 2onsumed perg or mL Reading

1 001 Initial 399 GW 0 6.5 6.5 .399 0 NA 0.0 0.0 NA NA 10167.4 0.0 0.0 0.00 00 7.89

1 0.17 10 min 399 GW 0 6.5 13 392.5 NA 5298.6 10167.4 in RMAL 500 10200.0 -128 -12 8 -00.3 663 8.60

1 0.50 30 min 399 GW 0 6.5 19.5 386.0 NA 5298.6 10200.0 in RMAL 500 10200.0 0.0 -12 8 -0.0.3 66.3 8.64

1 1.00 t hour 399 GW 0 6.5 26 379.5 NA 5298.6 10200.0 in RMAL 500 10300.0 -.38.0 -50.7 -0.1.3 67.0 8.64

1 2.00 2.5 hours 399 GW 0 6.5 32.5 373.0 NA 5298.6 10300.0 in RMAL 500 10200.0 37.3 -13.4 -0.0.3 66.3 8.66

1 4.00 4hours 399 GW 0 6.5 39 366.5 NA 5298.6 10200.0 in RMAL 500 10150.0 183 49 001 660 8.64

1 24.00 24 hours 399 GW 0 6.5 45.5 360.0 NA 5298.6 10150.0 in RMAL 500 10250.0 -36.0 -31 1 -008 666 8.65

2 0.01 Initial 399 GW 0 6.5 6 5 399 0 NA 0.0 0.0 NA NA 10167.6 0.0 0.0 000 0.0 7.97

2 0.17 10 min 399 GW 0 65 13 392.5 NA 5298.7 10167.6 in RMAL 500 10150.0 69 69 002 660 8.66

2 0.50 30 min 399 GW 0 6.5 19.5 386.0 NA 5298.7 10150.0 in RMAL 500 10250.0 -386 -31.7 -008 666 864

2 1.00 1 hour 399 GW 0 6.5 26 379.5 NA 5298.7 10250.0 In RMAL 500 10350.0 -380 -696 -0.17 67.3 8.69

2 2.00 2.5 hours 399 GW 0 6.5 32.5 373 0 NA 5298.7 10350.0 in RMAL 500 10250.0 37.3 -32.3 •008 666 8.69

2 4.00 4hours 399 GW 0 65 39 366.5 NA 5298.7 10250.0 in RMAL 500 10300.0 -18.3 -50.7 •0.13 67 0 8.69

2 24.00 24 hours 399 GW 0 6.5 45.5 360.0 NA 5298.7 10300.0 in RMAL 500 10250.0 18.0 -32.7 •0.08 666 8.65

3 0 01 Initial 401 TSF Sludge 103 6.5 6 5 4010 3.9 0.0 0.0 NA NA 10166.9 0.0 0.0 0.00 0.0 7 82

3 0.17 10 min 401 TSF Sludge 103 6.5 13 394.5 3.8 5325.3 10166.9 In RMAL 500 5900.0 1683.3 1683.3 16 34 38.4 Consumption Rate 7.27

3 0.50 30 min 401 TSF Sludge 103 6.5 19.5 388.0 3.8 5325.3 5900.0 In RMAL 500 6550.0 -2522 1431 1 13 89 42.6 mg/hr 7.46

3 1.00 1 hour 401 TSF Sludge 103 6.5 26 381.5 3.7 5325.3 6550.0 in RMAL 500 5550.0 381.5 18126 17.60 36.1 763 7.64

3 2.00 2.5 hours 401 TSF Sludge 103 6.5 32.5 375.0 3.6 5325.3 5550.0 in RMAL 500 4450.0 4125 2225.1 21 60 28.9 412.5 7.75

3 4.00 4hours 401 TSF Sludge 103 6.5 39 368.5 3.6 5325.3 4450.0 in RMAL 500 3165.0 4735 26986 26.20 206 236.76 7.95

3 24.00 24 hours 401 CB/GW 103 6.5 45.5 362.0 3.5 5325.3 3165.0 in RMAL 20 302.0 10364 37350 36.26 20 51.82 8.00

0 Initial 402 TSF Sludge 106 6.5 6 5 4020 3.8 0.0 0.0 NA NA 10166.3 0.0 0.0 000 0.0 7.71

0.17 10 min 402 TSF Sludge 106 6.5 13 395.5 3.7 5338.5 10166.3 in RMAL 500 5450.0 1865.3 1865 3 17.60 35.4 Consumption Rale 8.34

0.50 30 min 402 TSF Sludge 106 6.5 19.5 389.0 3.7 5338.5 5450.0 In RMAL 500 5900.0 -175.1 16902 15 95 384 mg/hr 7.49

1.00 1 hour 402 TSF Sludge 106 6.5 26 382.5 3.6 5338.5 5900.0 in RMAL 500 4565.0 5106 2200.9 20.76 29.7 1021.3 7.66

2.00 2.5 hours 402 TSF Sludge 106 6.5 32.5 376.0 3.5 5338.5 4565.0 in RMAL 500 3230.0 5020 2702.8 25 50 21.0 501.96 7.81

4.00 4hours 402 TSF Sludge 106 6.5 39 369.5 3.5 5338.5 3230.0 In RMAL 500 1905.0 489.6 31924' 30.12 12.4 244.79 7.94

24.00 24 hours 402 CB/GW 106 6.5 45.5 363.0 3.4 5338.5 1905.0 In RMAL 5 0.0 691.5 388.3.9, 3664 0.0 34.576 7.94

Preparedby: S.R. Cllne LaslUpdated: 11/3/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Experiment: 3b-R4

Experiment Stan Date:

Foradditional comments,see RMAL Laboratory Notebook

5/7/98

Comments:

Total Carbon % Inorganic Carbon % TOC %

Result Error Result Error Result Error

1.35 0.135 0.474 0.0474 0.876

1.51 0.151 0.406 0.0406 1.104

Sample
3b-R4-3

3b-R4-4

INEEL Dry 8.11 0.811 1.44

Prepared by: S.R. Ctine

0.0876

0.1104

LaslUpdatcd: 11/3/98
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Laboratory Evaluation of In Situ Chemical Oxidation asaTechnology forGroundwater Remediation at the INEELTAN Site

For additionalcomments, see RMAL LaboratoryNotebook

cz

Mn04- Calb Slope:
Calibration Dale: 5/5/VR

0046

5/5/98 a^gi^^^ggmiGMsmsM pH Data

Volume Solid vol(mL) Cum Actual Actual Mass Initial Aliquot Final Final mg Mn04- Cum. Cum mg Mn04-

Mask RXN Sample GWUsed Media Mass aqueous Aliquot Vol al US KMn04 Mn04- Mn04- Spec Mn04- Consumed mg Mn04- mg MnOI in Aliquot pH

No. Time (hrs) Name (mL) Tvpe (grams) aliquol /ol(mL) Samplini Ralio Added (n (mg/L) ABS DF (mg/L) in Interval Consumed perg or mL Reading

1 0.01 Initial 400 GW 0 6.5 6.5 400.0 NA 0.0 0NA NA 30502 0.0 0.0 000 0.0 8.07

1 0.17 10 min 400 GW 0 6.5 13 393.5 NA 15936.4 30502 in RMAL 2000 30000.0 197.7 197.7 0.49 195 0 9.00

1 0.50 30 min 400 GW 0 6.5 19.5 387.0 NA 15936.4 30000 in RMAL 2000 30200.0 -77.4 120.3 0.30 196.3 9.00

1 1.00 1 hour 400 GW 0 6.5 26 380.5 NA 15936.4 30200 In RMAL 2000 30200.0 00 120.3 0.30 196.3 9.01

1 2.00 2 hours 400 GW 0 6.5 32.5 374.0 NA 15936.4 30200 in RMAL 2000 30400.0 -74.8 455 0.11 197.6 8.99

1 4.00 4hours 400 GW 0 6.5 39 367.5 NA 15936.4 30400 in RMAL 2000 30400.0 00 455 Oil 197.6 9 00

1 24.00 24 hours 400 GW 0 6.5 45.5 361.0 NA 15936.4 30400 in RMAL 2000 30200.0 72.2 117 7 0.29 196.3 8.97

2 0.01 Initial 399 GW 0 6.5 6.5 399.0 NA 0.0 0NA NA 30504 0.0 0.0 0.00 0.0 8.10

2 0.17 10 min 399 GW 0 6.5 13 392.5 NA 15896.5 30504 In RMAL 2000 30400.0 40.7 40.7 0.10 1976 9.00

2 0.50 30 min 399 GW 0 6.5 19.5 386.0 NA 15896.5 30400 in RMAL 2000 30600.0 -77.2 -36.5 -0.09 198.9 8 99

2 1.00 1 hour 399 GW 0 6.5 26 379.5 NA 15896.5 30600 in RMAL 2000 30600.0 00 -365 -009 198 9 9.01

2 2.00 2 hours 399 GW 0 6.5 32.5 373.0 NA 15896.5 30600 In RMAL 2000 30800.0 -746 -111 1 -028 2002 9.01

2 4.00 4hours 399 GW 0 6.5 39 366.5 NA 15896.5 30800 In RMAL 2000 30800.0 00 -III 1 028 200.2 9.00

2 24.00 24 hours 399 GW 0 6.5 45.5 360.0 NA 15896.5 30800 In RMAL 2000 30600.0 720 -.39.1 •0.10 198.9 8.96

3 0.01 Initial 398 TSF Sludge 105 6.5 65 3980 3.8 0.0 0NA NA 30505 0.0 0.0 0.00 0.0 7.90

3 0.17 10 min 398 TSF Sludge 105 6.5 13 391.5 3.7 15856.7 30505 in RMAL 2000 17440.0 5114 9 5114 9 48.71 113.4 Consumption Rate 7.60

3 0.50 30 min 398 TSF Sludge 105 6.5 19.5 3850 3.7 15856.7 17440 in RMAL 2000 19020.0 -6083 45066 42.92 12.3 6 ng/hr 7.49

3 1.00 1 hour 398 TSF Sludge 105 6.5 26 378.5 3.6 15856.7 19020 in RMAL 2000 23800.0 -1809.2 2697.4 25.69 154.7 7.51

3 2.00 2 hours 398 TSF Sludge 105 65 32.5 372.0 3.5 15856.7 23800 in RMAL 2000 22000.0 669.6 .3367.0 32.07 143.0 669.6 7.79

3 4.00 4hours 398 TSF Sludge 105 65 39 365.5 3.5 15856.7 22000 In RMAL 2000 18060.0 1440.1 4807.1 45.78 1174 720.04 7.91

3 24.00 24 hours 398 CB/GW 105 6.5 45.5 359.0 3.4 15856.7 18060 in RMAL 2000 9700.0 3001.2 7808.3 74.36 6.3.1 150.06 8.27

3 95.17 96 hours 398 CB/GW 105 6.5 52 352.5 3.4 15856.7 9700 in RMAL 200 2480.0 2545 1 10353.4 98 60 161 35.762

0 Initial 399 TSF Sludge 104 6.5 6.5 .399.0 3.8 0.0 0NA NA 30504 0.0 0.0 0.00 0.0 7.85

0.17 10 min 399 TSF Sludge 104 6.5 13 392.5 3.8 15896.5 30504 in RMAL 2000 21200.0 3651.7 .3651.7 35.11 1.37.8 Consumption Rale 7.45

0.50 30 min 399 TSF Sludge 104 6.5 19.5 386.0 3.7 15896.5 21200 in RMAL 2000 23600.0 -926.4 2725.3 26.20 15.3.4 T>g/hr 7.44

1.00 1 hour 399 TSF Sludge 104 6.5 26 379.5 3.6 15896.5 23600 in RMAL 2000 25200.0 -607.2 2118.1 20.37 163.8 7.56

2.00 2 hours 399 TSF Sludge 104 6.5 32.5 373.0 3.6 15896.5 25200 in RMAL 2000 23200.0 7460 2864.1 27.54 1508 746 7.73

4.00 4hours 399 TSF Sludge 104 6.5 39 366.5 3.5 15896.5 23200 in RMAL 2000 20400.0 10262 3890 3' 37.41 1.32.6 513.1 7.91

24.00 24 hours 399 CB/GW 104 6.5 45.5 360.0 3.5 15896.5 20400 in RMAL 2000 14040.0 22896 6179.9 59.42 91.3 114.48 8.09

94.67 96 hours 399 CB/GW 104 6.5 52 353.5 3.4 15896.5 14040 in RMAL 200 7560.0 2290.7 8470.6' 81.45 49.1 32.415 8.21

Prepared by. S.R. Cline LastUpdaied: II/.V98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Time elapsed
since oxidation

addition (T=0)

Unique Sample ID.
(Taskf»-Run#-Time-Reactor#-
a/b)

Where a&b represent duplicate
samples if applicable

Initial Amt added

(determined gravimetrically
assuming spg=1)

Prepared by: S.R. Cline

10 11

Col 5/Col 7

{Assumed thatmass of
solid withdrawn in

aliquot was neglible)

Computed for each
sampling interval as:
Col 5-Col 9+Col 12

(col 9 fromprev. sampling
period; Col 12 not used for
1%&3% MnOA loadings)

Running total of
aliquot volume
removed from each

reactor

Last Updated: 11/8/98



o

co
CO

Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater RemediaUon at the INEEL TAN Site

12 13
Mn04- Calb. Slope: Islope
Calibration Date: 4/8/98

14 15 16 17 18 20

iDiluled Sample, ABS lorESD,Cone lor
RMAL

T^cIsoLUTiON'ABSorCONC: |PF: \DFofStoc/jCONC: \StockConc.

Volume

Stock Mn04-

Addcd (mL)

1.25 mL or 12.5

mL for 0.01% or

0.1%MnO4

loadings
(calb. Pipette)

This is the cone, at

the beginning of
each sampling
interval.

T=0:0

@ T=0.5hr:

(Col 12xStoc/V
Cone ./[Col 5-(Col 9

T=0)+Col 12]
(Stock Cone at top of
page)

@ All Other

Samping Periods:
Col 16 of previous
sampling Period

Prepared by: S.R. Cline

Initial

Mn04-

(mg/L)

Final

Mn04-

ABSorConc.

Dilution

Factor

used on

Spec.
Sample.

Final

Spec

DF

ESD:

Measured Absorbance

RMAL:

Measured Cone.

Final

Mn04-

(mg/L)

mg Mn04-
Consumed

in Interval

Cum.

mg Mn04-
Consumed

Cum

mg Mn04-
per gram

(Col 16-Col 13) x
Col 10

Running total of
oxidant mass

consumed from

each reactor

Actual Cone, of Aliquot
ESD:

(Col 14/slope)xCol 15
RMAL:

Col 14 x Col 15
(Slope at top of page)

Col18/Col7

(Assumed that
mass of solid
withdrawn in

aliquot was
neglible)

Col 16 x Col 8

mg Mn04-
in Aliquot

pH Data

pH

Laboratory
Determined

value for each

sample aliquot

Calculationsfor 0.01% and 0.1% MnO / Loadings Only

Last Updated: 11/8/98
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Laboratory Evaluationof In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEELTANSite

12 13
Mn04- Calb. Slope: |slope
Calibration Date: 4/8/98

14 15 16 17 18 19 20 21_
DF: \DFof Sfoc^CONC: \StockCone.

KMn04

Added (mg)

Determined

gravimetrically
T

This is the cone, at the

beginning of each
sampling interval.
@ T=0: 0

@ T=0.5hr:

(Col 12/(Col 5- Col
9@T=0))x(119/158)

Where (119/158) ratio
is mole fraction of

MnO 4 to KMn04

@ All Other Samping
Periods:

Col 16 of previous
sampling Period

Prepared by: S.R. Cline

STOCK SOLUTION ADS or QONC:

Diluted Sample, ABS (or ESD, Cone lor
RMAL 1hpH Data

Dilution

Factor

used on

Spec.
Sample.

ESD:

Measured Absorbance

RMAL:

Measured Cone.

Final

Mn04-

(mg/L)

mg Mn04-

Consumed

in Interval

Cum.

mg Mn04-

Consumed

Cum

mg Mn04-

per gram

Running total of
oxidant mass

consumed from

each reactor

Actual Cone, of Aliquot
ESD:

(Col 14/slope)xCoM5
RMAL:

Col 14 x Col 15

(slope at top of page)

Col 18/Col 7

(Assumed that
mass of solid

withdrawn in

aliquot was
neglible)

Col 16 x Col 8

mg Mn04-

in Aliquot

Calculationsfor 1% and 3% MnO / Loadings Only

PH

Laboratory
Determined

value for each

sample aliquot

Last Updated: 11/8/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation asa Technology forGroundwater Remediation at theINEEL TAN Site

22 23 24 25 26 27 28 29 30 31

ORNL

GC#

Extract

Cone.

(ppb)

Unique
number for

each GC

sample

Actual Cone,

the Aliquot

Flag

of

This value is

linked from the

GC data files

and represents:
(GC Area
Count/AVG CF)x
DF

Qualifer if GC

sample value is
not within

calibration

U=t< Min. Detect

Hexane

Volume

(mL)

1

Prepared by: S.R. Cline

Aqueous

Volume

(mL)

Aqueous

Cone.

(ppb)

Same as

Col 24

Flag

Col 23/Ratio

where Ralio=

(Col 25/Col 26)

Portion of

Aliquot
extracted
(determined
gravimetrically)

Aq.

C/Co

mgTCE

Oxidized

in Interval

Cum.

mgTCE

Oxidized

Running Total of
Mass Oxidized (Col
30 from each

reactor

For Each Reactor:

@T=0; 0

@ all other T=x sample
collection times:

(Col 27T=*.,-Col 27T=K)x

Col 10

Volume used to

extract a portion of
the aliquot sample
(Col 26)
(determined
gravimetrically and
corrected forspec,
gravityof
hexane=0.66) For Each Reactor:

Col27WCol27Tc0

32 33 34 35 36 37 38

% of Init Aq

TCE Oxidized

In Interval

% of Total

TCE Oxidized

In Interval

Cum%

Total TCE

Oxidized

mgTCE

in Aliquot

%Diff AVG

(ppb)

STDEV

(ppb)

100x(Col30r=x/lnitial
Aqueous TCE)

Where Initial Aqueous=
Values in Mass Balance

Tables in Report
(computed differentlyfor
each type of experiment as
described in report text)

100 x (Col 30r=/Total Initial

TCE)

where Total lnitial=

Values in Mass Balance

Tables in Report
(computed differentlyforeach
type of experimentas described
in report text)

Running Total of Col 33

Standard deviation of

Col 27a & Col 27b

Average Value of Col 27a &

Col 27b

%Diff of Duplicate
Samples:
(Col 27a-Col 27b)/Col 27,

Where a&b represent
duplicate aliquot samples
from a given reactor

Col 27x Col 8

Note: Assumes that concentration of

duplicatesamples are identical
(Variation of dupicates is computedin
next columns)

LaslUpdatcd: 11/8/98



Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Experiment: 4a-RI For additional comments, see Laboratory Notebook B000025

Solid Media

NONE

Initial TCE (ppb)
100

Co-Conlaminani?

NO

Mn04- Cones. (%)
0.01 & 0.1

Experiment Start Date: 5/20/98

Comments:

See general procedure on pages 57-60 in the laboratory Notebook.

Deviations from general procedure:
Step 9 not performed lor this run since in only involves groundwater

SPIKE SOLUTION PREPARATION

Volume GW in Tedlar

Volume Sal. TCE added

Predicted Spike Cone:

3.21 liters

0.3 mL

0.3 mg (Assuming 1000 ppm Saturated Cone.)
93 ppb

GC Analysis ol Spike Solution
ORNL

GC#

Sample

Name

Sample
Time

Extract

Cone.

(ppb)

Flag Hexane

Volume

(mL)

Aqueous
Volume

(mL)

Aqueous
Cone.

(ppb)
352 4AR1TBA 5/26/98 8:45 223 4.71 5.50 191

353 4AR1TBB 5/26/98 8:45 211 4.88 5.47 188

Prepared by: S.R. Cline

Pages: 61-65

LastUpdaled: 10/22/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-Rl For additional comments, see Laboratory Notebook B000025

, -

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL)Samplin Ratio

5/26/98 13:45 0.0 4AR1T01A 538.35 GW Only 0 14 14 538.35 NA

5/26/98 14:25 0.7 4AR1T30MIN1 538.35 GW Only 0 7 21 524.35 NA

5/26/98 15:24 1.7 4AR1T1.5H1 538.35 GW Only 0 7 28 517.35 NA

5/26/98 16:55 3.2 4AR1T3H1 538.35 GW Only 0 7 35 510.35 NA

5/26/98 18:54 5.2 4AR1T5H1 538.35 GW Only 0 7 42 503.35 NA

5/27/98 8:45 19.0 4AR1T20H1 538.35 GW Only 0 7 49 496.35 NA

5/27/98 13:45 24.0 4AR1T24H1A 538.35 GW Only 0 14 63 489.35 NA

2 5/26/98 13:48 0.0 4AR1T02 519.43 GW Only 0 7 7 519.43 NA

2 5/26/98 14:27 0.7 4AR1T30MIN2A 519.43 GW Only 0 14 21 512.43 NA

2 5/26/98 15:25 1.6 4AR1T1.5H2 519.43 GW Only 0 7 28 498.43 NA

2 5/26/98 16:57 3.2 4AR1T3H2 519.43 GW Only 0 7 35 491.43 NA

2 5/26/98 18:59 5.2 4AR1T5H2 519.43 GW Only 0 7 42 484.43 NA

2 5/27/98 8:46 19.0 4AR1T20H2 519.43 GW Only 0 7 49 477.43 NA

2 5/27/98 13:47 24.0 4AR1T24H2 519.43 GW Only 0 7 56 470.43 NA

Prepared by: S.R. Cline LastUpdated: 10/23/98



Laboratory Evaluationof In Situ Chemical Oxidationas a Technology for Groundwater Remediation at the INEEL TAN Site

4a-R1 |For additional comments, see Laboratory Notebook B000025
Mn04-Calb. Slope: | 0.019 STOCK SO 0.364 DF: 2500 CONC: Cone (ppm):
Calibration Date: 4/8/98

Final Final mg MnOA Cum. Cum mg Mn04-
pHData

Volume Initial Final

Reactor Stock Mr Mn04- Mn04- Spec Mn04- Consume* mg Mn04 mg Mn04 in Aliquot pH
No. Added (m (mg/L) ABS DF (mg/L) in Interval Consumec per mL GW

0 0 0.003 1 NA NA NA NA NA 7.89

0 0 0.003 1 NA NA NA NA NA 8.12

0 0 0.002 1 NA NA NA NA NA 8.10

0 0 0.002 1 NA NA NA NA NA 8.09

0 0 NT NT NA NA NA NA NA 8.09

0 0 NT NT NA NA NA NA NA 8.14

0 0 0.007 1 NA NA NA NA NA 8.15

2 0 0 0.004 1 NA NA NA NA NA 8.13

2 0 0 0.001 1 NA NA NA NA NA 8.11

2 0 0 0.000 1 NA NA NA NA NA 8.10

2 0 0 0.001 1 NA NA NA NA NA 8.09

2 0 0 NT NT NA NA NA NA NA 8.15

2 0 0 NT NT NA NA NA NA NA 8.16

2 0 0 0.001 1 NA NA NA NA NA 8.18

I

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation atthe INEEL TAN Site

Exp. 4a-RI For additional comments, see Laboratory Notebook B000025

mgTCE Cum. Cum% mg TCE
ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. % of Init A 7o ot i otai

Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (PPb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

354 196 2.88 3.33 169 NA NA NA NA NA NA 0.00

361 212 2.71 3.44 167 NA NA NA NA NA NA 0.00

368 214 2.92 3.70 169 NA NA NA NA NA NA 0.00

375 184 2.73 3.02 167 NA NA NA NA NA NA 0.00

1 382 170 2.88 3.10 158 NA NA NA NA NA NA 0.00

389 142 3.31 2.78 170 NA NA NA NA NA NA 0.00

396R 180 3.2 3.33 173 NA NA NA NA NA NA 0.00

2 356 200 2.85 3.36 170 NA NA NA NA NA NA 0.00

2 362 207 2.73 3.20 177 NA NA NA NA NA NA 0.00

2 369 188 2.90 3.08 176 NA NA NA NA NA NA 0.00

2 376 192 2.95 3.24 176 NA NA NA NA NA NA 0.00

2 383 166 3.09 2.90 177 NA NA NA NA NA NA 0.00

2 390 173 3.16 3.07 178 NA NA NA NA NA NA 0.00

2 398R 171 2.97 3.24 156 NA NA NA NA NA NA 0.00

Prepared by: S.R. Cline LaslUpdated: 10/23/98
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Laboratory Evaluationof In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

4a-RI |For additional comments, see Laboratory Notebook B000025
Mn04- Calb. Slope: | 0.019 STOCK SC 0.364 DF: 2500 CONC: Cone (ppm)
Calibration Date: 4/8/98

pH Data1M£S1-Mia::\ , -',:•...'•.,..•.:•. . . •••. .. „.•=...:. ...:.'
Volume Initial Final Final Final mg Mn04 Cum. Cum mg Mn04-

Reactor Stock Mr Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot PH
No. Added(m (mg/L) ABS DF (mg/L) in Interval Consumer. per mL GW

3 0 0.0 0.003 1 114.7 0 0 0.00 0 8.13

3 1.25 114.7 0.380 5 99.7 8 8 0.01 0.7 8.11

3 ,_ 1.25 99.7 0.386 5 101.3 -1 7 0.01 1.4 8.12

3 1.25 101.3 0.366 5 96.0 3 10 0.02 0.7 8.10

3 1.25 96.0 0.371 5 97.3 -1 9 0.02 0.7 8.14

3 1.25 97.3 0.361 5 94.7 1 10 0.02 0.7 8.16

3 1.25 94.7 0.361 5 94.7 0 10 0.02 0.7 .8.15

4

~ 4 """
0

1.25

0.0

114.6

0.002

'" 0.402
1

5

114.6

105.5

0

5

0

5

0.00 0 8.13

0.01 0.7 8.10
4 1.25 105.5 0.408 5 107.0 -1 4 0.01 0.7 8.10

4 1.25 107.0 0.394 5 103.4 2 6 0.01 1.4

0.7

8.11

8.094

4

1.25 103.4 0.393 5 103.1 0 6 0.01

1.25 103.1 0.391 5 102.6 0 6 0.01 0.7 8.14

4 1.25 102.6 0.388 5 101.8 0 7 0.01 0.7 8.13

~r

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluationof In Situ ChemicalOxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-RI For additional comments, see Laboratory Nolebook B0OO025

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. % of Init A % of Total Cum% mgTCE
Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

3 357 217 2.86 3.56 174 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.00
3 364 35 2.81 3.01 33 0.19 0.1 0.1 80.1% 80.1% 80.1% 0.00

3 370 14 3.10 3.28 13 k^^' Steven RobertCllne: ]
ND, BUT ENTERED AS 1 PPB
FOR PLOTTING LOG SCALE )

0.1 11.1% 11.1% 91.2% 0.00

3 377 0 1.58 3.28 1 0.1 6.7% 6.7% 97.9% 0.00

3 384 0 3.06 3.20 1 ul) 0.1 0.0% 0.0% 97.9% 0.00

3 391 0 3.20 3.21 1 0.01 0.0 0.1 0.0% 0.0% 97.9% 0.00

3 399 0 3.17 3.12 1 0.01 0.0 0.1 0.0% 0.0% 97.9% 0.00

4 358 216 2.85 3.40 181 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.00

4 365 26 2.81 2.92 27 0.15 0.1 0.1 83.9% 83.9% 83.9% 0.00

4 372 14 2.91 3.31 12 0.07 0.0 0.1 8.2% 8.2% 92.1% 0.00

4 378 0 3.04 3.06 1 0.01 0.0 0.1 5.9% 5.9% 98.1% 0.00

4 385 0 3.02 3.11 1 0.01 0.0 0.1 0.0% 0.0%

0.0%

98.1%
98.1 %

0.00

0.004 392 0 3.20 3.08 1 0.01 0.0 0.1 0.0%

4 400 0 3.14 2.95 1 0.01 0.0 0.1 0.0% 0.0% 98.1% 0.00

Prepared by: S.R. Cline LastUpdated: 10/23/98



Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-Rl For additional comments, see Laboratory Notebook B0O0025

IIIMIIINIIIII llllll^H
RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueou: Aliquot Vol at US

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL Samplin Ratio

5 5/26/98 13:53 0.0 4AR1T05 541.98 GW Only 0 7 7 541.98 NA

5 5/26/98 14:33 0.7 4AR1T30MIN5 541.98 GW Only 0 7 14 547.48 NA

5 5/26/98 15:32 1.6 4AR1T1.5H5 541.98 GW Only 0 7 21 540.48 NA

5 5/26/98 17:03 3.2 4AR1T3H5 541.98 GW Only 0 7 28 533.48 NA

5 5/26/98 19:06 5.2 4AR1T5H5A 541.98 GW Only 0 14 42 526.48 NA

5 5/27/98 8:49 18.9 4AR1T20H5 541.98 GW Only 0 7 49 512.48 NA

5 5/27/98 13:50 24.0 4AR1T24H5 541.98 GW Only 0 7 56 505.48 NA

6 5/26/98 13:54 0.0 4AR1T06 530.82 GWOnb/j 0 7 7 530.82 NA

6 5/26/98 14:35 0.7 4AR1T30MIN6 530.82 GW Only 0 7 14 536.32 NA

6 5/26/98 15:34 1.7 4AR1T1.5H6 530.82 GW Only 0 7 21 529.32 NA

6 5/26/98 17:05 3.2 4AR1T3H6 530.82 GW Only 0 7 28 522.32 NA

6 5/26/98 19:12 5.3 4AR1T5H6 530.82 GW Only 0 7 35 515.32 NA

6 5/27/98 8:50 18.9 4AR1T20H6A 530.82 GW Only 0 14 49 508.32 NA

6 5/27/98 13:51 23.9 4AR1T24H6 530.82 GW Only 0 7 56 494.32 NA

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ ChemicalOxidationas a Technology for Groundwater Remediation at the INEEL TAN Site

4a-R1 |For additionalcomments see Laboratory Notebook BOO0025
Mn04- Calb. Slope: | 0.019 STOCK SO 0.364 DF: 2500 CONC: Cone (ppm):

Calibration Date: 4/8/98

pHDataBRMI
Volume Initial Final Final Final mg Mn04 Cum. Cum mg Mn04-

Reactor

No.

Slock Mr Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot pH

Added(m (mg/L) ABS DF (mg/L) in Interval Consumec per mL GW

5 0 0.0 0.010 1 1090.2 0 0 0.00 0 8.13

5 12.5 1090.2 0.398 50 1044.1 25 25 0.05 7.3 8.18

5 12.5 1044.1 0.406 50 1065.1 -11 14 0.03 7.5 8.19

5

5

12.5 1065.1 0.380 50 996.9 36 50 0.09 7.0 8.18

12.5 996.9 0.382 50 1002.2 -3 47 0.09 14.0 8.19

5 12.5 1002.2 0.423 50 1109.7 -55 -8 -0.01 7.8 8.23

12.5 1109.7 0.4151 50 1088.7 11 3 0.01 7.6 8.22

6

6 ~
0 0.0 0.009 1 1112.8 0 0 0.00 0 8.13

12.5 1112.8 0.415 50 1088.7 13 13 0.02 7.6 8.20

6 12.5 1088.7 0.398 50 1044.1 24 37 0.07 7.3 8.20

6 12.5 1044.1 0.420 50 1101.9 -30 6 0.01 7.7 8.20

6 12.5 1101.9 0.417 50 1094.0 4 10 0.02 7.7

6

6

12.5 1094.0 0.417 50 1094.0 0 10 0.02 15.3 8.24

12.5 1094.0 0.424 50 1112.4 -9 1 0.00 7.8 8.21

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-RI For additional comments, see Laboratory Notebook BO0O025

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. % of Init A % of Total Cum % mg TCE

Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

5 359 202 2.72 3.01 182 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.00

5 366 0 2.83 3.56 1 0.01 0.1 0.1 100.5% 100.5% 100.5% 0.00

5 373 0 2.93 3.45 1 0.01 0.0 0.1 0.0% 0.0% 100.5% 0.00

5 380 0 3.06 3.17 1 0.01 0.0 0.1 0.0% 0.0% 100.5% 0.00

5 386 0 2.93 3.42 1 0.01 0.0 0.1 0.0% 0.0% 100.5% 0.00

5 393 0 3.20 2.96 1 0.01 0.0 0.1 0.0% 0.0% 100.5% 0.00

5 401 0 3.20 3.14 1 0.01 0.0 0.1 0.0% 0.0% 100.5% 0.00

6 360 220 2.66 3.34 175 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.00

6 367 0 2.88 3.71 1 0.01 0.1 0.1 100.5% 100.5% 100.5% 0.00

6 374 0 2.84 3.13 1 0.01 0.0 0.1 0.0% 0.0% 100.5% 0.00

6 381 0 3.04 3.21 1 0.01 0.0 0.1 0.0% 0.0% 100.5% 0.00

6 388 0 3.17 3.15 1 0.01 0.0 0.1 0.0% 0.0% 100.5% 0.00

6 394 0 3.21 3.13 1 0.01 0.0 0.1 0.0% 0.0% 100.5% 0.00

6 402 0 3.18 3.01 1 0.01 0.0 0.1 0.0% 0.0% 100.5% 0.00

0.00 0.0 0.1 0.0% 0.0% 100.5% 0.00

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboritory Evaluation of tn Situ Chemical Oxidation ai a Technology tor Graundwaler Remediation at Ihe INEEL TAN Site

.....

Enp. 4a-RI Fm aktiiiiinil comment*, sec Laboratory Ntrtchtmk IHNI0025 I
1 MMM-Cilh Slop?: 0019 STOCKS AIM DF: W0 CONC: CmT(rpm>

SMpleOiU
C*l>bi mkmi !>»ie: 4/rWI

pHbaa t
RXN V.*imc Solid vol (mL)ICum Actual 1Actual Volume Initial Final Final Final ORNL EtlTMl Flij Ilriane Aq.ue.tiM Aijikwi Hag •x mt AVG SIDF.V

Reactor Simple Time Sample GWUsed Media Ma.it aqueous Aliquot Volat \US Stick M MnO-J- Mn04- Spec Mn04- pH GCt C.WT. Vt*int Vfhme Cone (Pf*) (P(*)

N<>. Time

5/26/98 t3:47

(hrs)

0.0

Name

4AR1T01B

Imp

538 35

UTSHlI&IS^ [CHilI
•*™ •*™

(n*> ^^Q2SH (mL>

330

rn*>

182

m^mzm.www
1 GWOnly 0 7 MA NA NA 0 NA 0.002 1 NA 8.13 355 206 2.91 id.it AVG stpkv

X.K42

1

5/26/9614:29 0.7 4AR1T30MIN2fl 519.43 QWOnly 0 7 NA NA NA 0 NA 0.004 1 NA 8.10 363 185 2.69 3.48 143 -0.07 175.66

5/26/98 15 ?8 1.6 4AfilT1.5H3B 526.26 OWOnly 0 7 NA NA NA 125 NA 0374 5 m 8.11 371 21 2.71 283 20 0.19 IMI.00 24 (XI

5/26/9817:02 32 4AHIT3H4B 526.43 GWOnly 0 7 4A NA NA 1.25 NA 0.367 5 96.3 6.10 379 0 300 3.13 t \ -0.53 I6.K9 5.02

5 5/26798 19:07 52 4ARIT5H5B 541.y« QWOnly 0 7 NA NA NA 12.3 NA 0393 50 1031.0 8.18 387 G 3.04 3.M 1 \ 0.00 1.00 0.00

A 5/27/98 8:51 IB.9 4AR1T20H6B 53D.M GWOnly 0 7 NA NA NA 125 NA 0.413 SO IOK3.5 6.23 395 C 3.18 3.5? 1 \ 0.00 1.00 000

1 5/27/98 13:46 24.0 4AAIT24H1B 538 35 QWOnly 0 7 NA NA NA (1 NA 0002 1 NA 817 397R 188 3.13 336 175 0.00

_„_

j^Mim»TRjr59l WrW^Wt^W St w>, aur ontMD as i

pn KM DOTTING LOG

SCALI

1.43

1

2

J 5/27/9814:00 4AR1F3 526.26 GWOnly 0 NA NA NA NA NA NT 415 0 402.92 433.19 o.oe+oo

4 5/27/98 14:03 4AR1F4 526.45 QWOnly 0 NA NA NA NA NA NT 416 0 401.77 447.17 0.0E+00

5

6

5*77/9814:05 4AR1F5 541.98 QWOnly 0 NA NA NA NA NA NT 417 0 402.65 474.63 0.0E+00

5/27/98 14:08 4AR1F6 530 82 owomy n NA NA NA NA NA NT 418 0 402 38 464.36 O.OE+00

1

2

Ct(TlwSdi,tfib
V27/98 14:08

*.«$$
4Afl1CHABtA Charcoal NA

3HH
na" NA NA NA NA NT 403 0 3.18 0.06 O.OE+00 —

5/27/98 14:08 4AR1CHAR1B Charcoal NA NA NA NA NA NA NT 404 0 3.25 0.04 O.OE+00

—

—

5/27/98 14:09 4AR1CHAR2A Charcoal NA NA NA NA NA NA NT 405 0 2.92 0.07 O.OE+00

2 5/27/98 14:10 4AR1CHAR2B Charcoal NA NA NA NA NA NA NT 406 0 2.98 005 O.OE+OO

3

1

6/27/9814:11 4AR1CHAR3A Charcoal NA NA NA NA NA NA NT 407 0 2.96 0.10 O.OE+00

O.OE+00 ~

5/27/9814:12 4AR1CHAR3B Charcoal NA MA NA NA NA NA NT 408 0 2.98 0.04

——-

4 5/27/98 14:13 4AR1CHAR4A Charcoal NA
•----

NA

NA NA NA NA NT 409 0 2.99 0.10 O.OE+00

4 547/98 14:13 4AR1CHAR4B Charcoal NA NA NA NA NA NT 410 0 2.99 004 O.OE+00

5 5/27/9B 14:14 4AR1CHAR5A Charcoal NA NA NA >M NA NA NT 411 0 2 98 0.10 O.OE+00

5 5/27/98 14:15 4AR1CHAR5B Charcoal NA NA NA NA NA NA NT 412 0 2.98 0.04 0.0E+00

O.OE+00
___

6 5/27/98 14:16 4AR1CHAR6A Charcoal UA NA NA NA NA NA NT 413 0 4.48 0.10

A 5/27/98 14:17 4AR1CHAR6B Charcoal HA NA NA NA NA NA NT 4t4 0 2.95 004 O.OE+00

—

.,_—

Additional Oxidant Infomiattloo 1

Initial MnlM- [nit Load Dwuumcd "(HIMIrtKd 1

Flask bnf)

mjAuL
or

m«/g mg t?l»24 hrt
nig/mL t>t
rtig/f AVGOnf/g,

\

1 till 0000 NA NA MA

2 (1(1 0.000 NA NA NA

• • —-

1 59.7 (111 10,39 002

4 59.7 on nfiH 001 002

5 5968 1.09 0.7« 0.00

fi 5yiS.B 1II 0.26 000 000

PrerweJ hy: S.R. Cline LulUpljled: ll/WR
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Experiment: 4a-R2 For additional comments, sec Laboratory Notebook B000025
Solid Media

NONE

Initial TCE (ppb)
1000

Co-Contain, nam?

NO

Mn04- Cones. (%)
0.01 &0.1

Experiment Start Date: 5/28/98

Comments:

See general procedure on pages 57-60 in the laboratory Notebook.
Deviations from general procedure:
Step 9 not performed for this run since in only involves groundwater
Sparged GW was cooled overnight @12C THEN spiked with SAT TCE SOLN and mixed 2 hrs prior to filling reactors

SPIKE SOLUTION PREPARATION

Volume GW in Tedlar

Volume Sat. TCE added

Predicted Spike Cone:

3.16 liters

3 mL

3 mg
950 ppb

(Assuming 1000 ppm Saturated Cone.)

GC Analysis of Spike Solution
ORNL

GC#

Sample
Name

Sample
Time

Extract

Cone.

(ppb)

Flag Hexane

Volume

(mL)

Aqueous
Volume

(mL)

Aqueous
Cone.

(ppb)
487 4AR2TBA 5/28/98 11:15 1564 4.84 5.15 1469

488 4AR2TBB 5/28/98 11:15 1538 4.87 5.30 1415

Prepared by: S.R. Cline

Pages: 66-69

LastUpdated: 10/22/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R2 For additional comments, see Laboratory Notebook B000025

,.

RXN Volume Solid vol (mL] Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL Samplin Ratio

5/28/98 11:20 0.0 4AR2T01A 511.45 GW Only 0 14 14 511.45 NA

5/28/98 12:00 0.7 4AR2T30MIN1 511.45 GW Only 0 7 21 497.45 NA

5/28/98 13:04 1.7 4AR2T1.5H1 511.45 GW Only 0 7 28 490.45 NA

5/28/98 14:37 3.3 4AR2T3H1 511.45 GW Only 0 7 35 483.45 NA

5/28/98 16:20 5.0 4AR2T5H1 511.45 GW Only 0 7 42 476.45 NA

5/29/98 8:40 21.3 4AR2T21H1 511.45 GW Only 0 7 49 469.45 NA

5/29/98 11:18 24.0 4AR2T24H1A 511.45 GW Only 0 14 63 462.45 NA

2 5/28/98 11:24 0.0 4AR2T02 503.49 GW Only 0 7 7 503.49 NA

2 5/28/98 12:01 0.6 4AR2T30MIN2A 503.49 GW Only 0 14 21 496.49 NA

2 5/28/98 13:04 1.7 4AR2T1.5H2 503.49 GW Only 0 7 28 482.49 NA

2 5/28/98 14:38 3.2 4AR2T3H2 503.49 GW Only 0 7 35 475.49 NA

2 5/28/98 16:20 4.9 4AR2T5H2 503.49 GW Only 0 7 42 468.49 NA

2 5/29/98 8:40 21.3 4AR2T21H2 503.49 GW Only 0 7 49 461.49 NA

2 5/29/98 11:20 23.9 4AR2T24H2 503.49 GW Only 0 7 56 454.49 NA

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. |4a-R2 For additional commenls, sec Laboratory Notebook B000025
Mn04- Calb. Slope: 0.019 STOCK SOLN ABS 0.354 DF: 2500 Cone (ppm): 46435.73

Calibration Dale: 4/8/9!

pH Data
Volume Initial Final Final Final mg Mn04 Cum. Cum mg Mn04-

Reactor Stock Mn Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot pH
No. Added(m (mg/L) ABS DF (mg/L) in Interval Consumec per mL GW

0 0 NT NT NA NA NA NA NA 8.43

0 0 NT NT NA NA NA NA NA 8.4

0 0 0.008 1 NA NA NA NA NA 8.39

0 0 0.003 1 NA NA NA NA NA 8.36

0 0 0.003 1 NA NA NA NA NA 8.34

0 0 0.003 1 NA NA NA NA NA 8.23

0 0 0.003 1 NA NA NA NA NA 8.18

2

2

0

0

0

0

0.002

NT

1

NT

NA

NA

NA

NA

NA

NA~
NA NA 8.38

NA NA 8.4

2 0 0 0.002 1 NA NA NA NA NA 8.41

2 0 0 0.002 1 NA NA NA NA NA 8.39

2 0 0 0.003 1 NA NA NA NA NA 8.36

2 0 0 0.003 1 NA NA NA NA NA 8.18

2 0 0 0.007 1 NA NA NA NA NA 8.16

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R2 For additional comments, see Laboratory Notebook BOO0O25

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. % of Init A % of Total Cum% mgTCE
Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mg TCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

489 1,435 2.95 2.96 1,432 NA NA NA NA NA NA 0.02

496 1,474 2.97 3.14 1,394 NA NA NA NA NA NA 0.01

503 1,536 2.98 3.17 1,440 NA NA NA NA NA NA 0.01

510 1,436 2.95 3.15 1,344 NA NA NA NA NA NA 0.01

517 1,421 2.64 2.84 1,325 NA NA NA NA NA NA 0.01

524 1,339 2.94 3.05 1,292 NA NA NA NA NA NA 0.01

531 1,372 2.90 3.07 1,296 NA NA NA NA NA NA 0.02

2 491 1,497 2.96 3.28 1,351 NA NA NA NA NA NA 0.01

2 497 1,516 2.99 3.21 1,412 NA NA NA NA NA NA 0.02

2 504 1,388 3.00 2.93 1,421 NA NA NA NA NA NA 0.01

2 511 1,394 2.98 3.05 1,362 NA NA NA NA NA NA 0.01

2 518 1,379 3.01 3.10 1,341 NA NA NA NA NA NA 0.01

0.01

0.01

2 525 1,368 3.00 3.13 1,309 NA NA NA NA NA NA

2 533 1,451 2.94 3.23 1,323 NA NA NA NA NA NA

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation asaTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R2 For additional comments, see Laboratory Notebook B000025

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor

"No.
Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S

Time (hrs) Name (mL) Type (grams) aliquol Vol (mL Samplin Ratio

3 5/28/98 11:25 0.0 4AR2T03 511.38 GW Only 0 7 7 511.38 NA

3 5/28/98 12:03 0.6 4AR2T30MIN3 5H.38 GW Only 0 7 14 505.63 NA

3 5/28/98 13:05 1.7 4AR2T1.5H3A 511.38 GW Only 0 14 28 498.63 NA

3 5/28/98 14:39 3.2 4AR2T3H3 511.38 GW Only 0 7 35 484.63 NA

3 5/28/98 16:21 4.9 4AR2T5H3 511.38 GW Only 0 7 42 477.63 NA

3 5/29/98 8:41 21.3 4AR2T21H3 511.38 GW Only 0 7 49 470.63 NA

3 5/29/98 11:21 23.9 4AR2T24H3 511.38 GW Only 0 7 56 463.63 NA

4 5/28/98 11:27 0.0 4AR2T04 495.84 GW Only 0 7 7 495.84 NA

4 5/28/98 12:05 0.6 4AR2T30MIN4 495.84 GW Only 0 7 14 490.09 NA

4 5/28/98 13:06 1.6 4AR2T1.5H4 495.84 GW Only 0 7 21 483.09 NA

4 5/28/98 14:40 3.2 4AR2T3H4A 495.84 GW Only 0 14 35 476.09 NA

4 5/28/98 16:22 4.9 4AR2T5H4 495.84 GW Only 0 7 42 462.09 NA

4 5/29/98 8:42 21.3 4AR2T21H4 495.84 GW Only 0 7 49 455.09 NA

4 5/29/98 11:22 23.9 4AR2T24H4 495.84 GW Only 0 7 56 448.09 NA

Preparedby: S.R. Cline LaslUpdatcd: 10/23/98
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LaboratoryEvaluationof In Situ Chemical Oxidation asa Technology forGroundwaterRemediation at the INEEL TAN Site

Exp. |4a-R2 For additional commenls, see Laboratory Notebook B000025
Mn04- Calb. Slope: 0.019 STOCK SOLN ABS 0.354 DF: 2500 Cone (ppm): 46435.73

Calibration Date: 4/8/98

Cum mg Mn04-
pH Data

Volume Initial Final Final Final mg Mn04 Cum.

Reactor Stock Mr Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot PH
No. Added (m (mg/L) ABS DF (mg/L) in Interval Consumec per mL GW

3 0 0.0 0.001 1 114.8 0 0 0.00 0 8.38

3 1.25 114.8 0.353 5 92.6 11 11 0.02 0.6 8.34

3 1.25 92.6 0.357 5 93.7 -1 II 0.02 1.3 8.35

3 1.25 93.7 0.354 5 92.9 0 11 0.02 0.7j 8.33

3 1.25 92.9 0.340 5 89.2 2 13 0.03 0.6 8.32

3 1.25 89.2 0.204 5 53.5 17 30 0.06 0.4 8.21

3 1.25 53.5 0.304 5 79.8 -12 17 0.03 0.6 8.22

4 0 0.0 NT NT 118.4 0 0 0.00 0 8.4

4 1.25 118.4 0.414 5 108.6 5 5 0.01 0.8 8.34

4 1.25 108.6 0.396 5 103.9 2 7 0.01 0.7 8.33

4 1.25 103.9 0.375 5 98.4 3 10 0.02 1.4 8.33

4 1.25 98.4 0.389 5 102.1 -2 8 0.02 0.7 8.33

4 1.25 102.1 0.369 5 96.8 2 10 0.02 0.7 8.22

4 1.25 96.8 0.308 5 80.8 7 18 0.04 0.6 8.23

Prepared by: S.R. Cline LastUpdaled: 10/23/98



Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R2 For additional comments, see Laboratory Notebook B000025

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. %ofInitA % of Total Cum% mgTCE
Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

3 492 1,444 2.95 3.11 1,366 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.01

3 499 312 2.98 3.27 284 0.21 0.5 0.5 78.3% 78.3% 78.3% 0.00

3 505 68 4.23 2.42 120 0.09 0.1 0.6 11.8% 11.8% 90.0% 0.00

3 512 16 2.98 3.07 16 0.01 0.1 0.7 7.2% 7.2% 97.3% 0.00

3 519 13 3.01 3.12 12 0.01 0.0 0.7 0.2% 0.2% 97.5% 0.00

3 526 14 3.01 2.96 14 0.01 0.0 0.7 -0.1% -0.1% 97.4% 0.00

3 534 15 2.95 3.22 14 0.01 0.0 0.7 0.0% 0.0% 97.4% 0.00

4 493 1,414 2.94 3.04 1,369 Steven Flobert Cllne:

WTEREDASlPfSfOR

ifBiSaiJE...,

0.0 0.0 0.0% 0.0% 0.0% 0.01

4 500 282 3.00 3.34 253 Isusam, 0.5 0.5 80.6% 80.6% 80.6% 0.00

4 507 61 2.95 3.06 59 0.04 0.1 0.6 13.8% 13.8% 94.4% 0.00

4 513 13 2.97 3.03 13. 0.01 0.0 0.7 3.3% 3.3% 97.6% 0.00

4 520 0 3.00 3.07 1 0.00 0.0 0.7 0.8% 0.8% 98.4% 0.00

4 527 0 3.00 3.14 1 0.00 0.0 0.7 0.0% 0.0% 98.4% 0.00

4 535 0 2.90 3.05 1 0.00 0.0 0.7 0.0% 0.0% 98.4% 0.00

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation atthe INEEL TAN Site

Exp. 4a-R2 For additional comments, see Laboratory NotebookBOO0O25

Sample Data

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL Samplin Ratio

5 5/28/98 11:29 0.0 4AR2T05 515.45 GW Only 0 7 7 515.45 NA

5

5

5/28/98 12:05 0.6 4AR2T30MIN5 515.45 GW Only 0 7 14 520.95 NA

5/28/98 13:07 1.6 4AR2T1.5H5 515.45 GW Only 0 7 21 513.95 NA

5 5/28/98 14:41 3.2 4AR2T3H5 515.45 GW Only 0 7 28 506.95 NA

5 5/28/98 16:22 4.9 4AR2T5H5A 515.45 GW Only 0 14 42 499.95 NA

5 5/29/98 8:42 21.2 4AR2T21H5 515.45 GW Only 0 7 49 485.95 NA

5 5/29/98 11:23 23.9 4AR2T24H5 5I5.45j GW Only 0 7 56 478.95 NA

6

6

5/28/98 11:30 0.0 4AR2T06 518.13 GW Only 0 7 7 518.13 NA

5/28/98 12:06 0.6 4AR2T30MIN6 518.13 GW Only 0 7 14 523.63 NA

6 5/28/98 13:08 1.6 4AR2T1.5H6 518.13 GW Only 0 7 21 516.63 NA

6 5/28/98 14:42 3.2 4AR2T3H6 518.13 GW Only 0 7 28 509.63 NA

6 5/28/98 16:24 4.9 4AR2T5H6 518.13 GW Only 0 7 35 502.63 NA

6 5/29/98 8:43 21.2 4AR2T21H6A 518.13 GW Only 0 14 49 495.63 NA

6 5/29/98 11:24 23.9 4AR2T24H6 518.13 GW Only 0 7 56 481.63 NA

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. |4a-R2 For additional comments, seeLaboratory Notebook B000025
Mn04- Calb. Slope: 0.019 STOCK SOLN ABS 0.354 DF: 2500 Cone (ppm): 46435.73
Calibration Dale: 4/8/98

pHData
Volume Initial Final Final Final mg Mn04 Cum. Cum mg Mn04-

Reactor Stock M Mn04- Mn04- Spec Mn04- Consumec mg MnQ4 mg Mn04 in Aliquot pH
No. Added (m (mg/L) ABS DF (mg/L) in Interval Consumec per mL GW

5 0 0.0 NT NT 1114.2 0 0 0.00 0 8.41
5 12.5 1114.2 0.420 50 1101.9 6 6 0.01 7.7 8.38
5 12.5 1101.9 0.418 50 1096.6 3 9 0.02 7.7 8.39
5 12.5 1096.6 0.425 50 1115.0 -9 0 0.00 7.8 8.39
5 12.5 1115.0 0.411 50 1078.3 18 18 0.04 15.1 8.39
5 12.5 1078.3 0.428 50 1122.9 -22 -3 -0.01 7.9 8.34
5 12.5 1122.9 0.419 50 1099.2 11 8 0.02 7.7 8.34

6 0 0.0 NT NT 1108.5 0 0 0.00 0 8.4
6 12.5 1108.5 0.422 50 1107.1 I 1 0.00 7.7 8.38
6 12.5 1107.1 0.417 50 1094.0 7 8 0.01 7.7 8.39
6 12.5 1094.0 0.437 50 1146.5 -27 -19 -0.04 8.0 8.39
6 12.5 1146.5 0.427 50 1120.2 13 -6 -0.01 7.8 8.37
6 12.5 1120.2 0.436 50 1143.8 -12 -18 -0.03 16.0 8.34
6 12.5 1143.8 0.416 50 1091.4 25 8 0.01 7.6 8.35

Prepared by: S.R. Cline
LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R2 For additional commenls, sec Laboratory Notebook B000025

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. %ofInitA % of Total Cum% mgTCE
Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

5 494 1,362 2.98 3.04 1,338 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.01

5 501 11 2.99 3.36 10 0.01 0.7 0.7 100.3% 100.3% 100.3% 0.00

5 508 0 3.07 3.10 \ 0.00 0.0 0.7 0.7% 0.7% 101.0% 0.00

5 515 0 2.98 3.41 1 Steven Robert Cllne 0.0 0.7 0.0% 0.0% 101.0% 0.00

5 521 0 3.00 3.13 1 ND, BUT ENTERED AS I PPB FOR 0.0 0.7 0.0% 0.0% 101.0% 0.00

5 528 0 3.02 3.24 1 0.0 0.7 0.0% 0.0% 101.0% 0.00

5 536 0 2.97 3.13 1 0.00 0.0 0.7 0.0% 0.0% 101.0% 0.00

6 495 1,356 2.97 3.10 1,299 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.01

6 502 0 3.01 3.08 1 0.00 0.7 0.7 101.0% 101.0% 101.0% 0.00

6 509 0 3.08 3.05 1 0.00 0.0 0.7 0.0% 0.0% 101.0% 0.00

6 516 ' 0 3.02 3.18 1 0.00 0.0 0.7 0.0% 0.0% 101.0% 0.00

6 523 0 3.02 2.91 1 0.00 0.0 0.7 0.0% 0.0% 101.0% 0.00

6 529 0 2.99 3.10 1 0.00 0.0 0.7 0.0% 0.0% 101.0% 0.00

6 537 0 2.94 3.19 1 0.00 0.0 0.7 0.0% 0.0% 101.0% 0.00

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Experiment: 4a-R3 For additional commenls, see Laboratory Notebook B000025
Solid Media

C. Basalt

Initial TCE (ppb)
100

Co-Con lami nan I?

NO

Mn04- Cones. (%)
0.01 &0.1

Experiment Start Date: 6/1/98

Comments:

See general procedure on pages 57-60 in the laboratory Notebook.
Deviations from general procedure:
NONE

SPIKE SOLUTION PREPARATION

Volume GW in Tedlar

Volume Sat. TCE added

Predicted Spike Cone:

3.10 liters

0.31 mL

0.31 mg
100 ppb

(Assuming 1000 ppm Saturated Cone.)

GC Analysis of Spike Solution

ORNL

GC#

Sample

Name

Sample

Time

Extract

Cone.

(ppb)

Flag Hexane

Volume

(mL)

Aqueous

Volume

(mL)

Aqueous

Cone.

(ppb)
629 4a-r3-tb-a 6/2/98 13:15 201 4.90 5.30 186

630 4a-r3-tb-b 6/2/98 13:15 174 5.02 5.00 175

Prepared by: S.R. Cline

Pages: 70-73

LaslUpdatcd: 10/22/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R3 For additional comments, sec Laboratory Notebook B000025

RXN Volume Solid vol (mL) Cum Actual Actual
Reactor

No.

Sample
Time

Time Sample GW Used Media Mass aqueous Aliquot Vol at US
(hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

1 6/3/98 11:30 0.0 4a-r3-t0-1a 500.49 GW Only 0.0 14.37 14.37 500.5 NA
1 6/3/98 12:05 0.6 4a-r3-t30m-1 500.49 GW Only 0 7.22 21.59 486.1 NA

1 6/3/98 13:05 1.6 4a-r3-t1.5h-1 500.49 GW Only 0 7.51 29.1 478.9 NA
1 6/3/98 14:30 3.0 4a-r3-l3h-1 500.49 GW Only 0 6.58 35.68 471.4 NA
1

1
....

6/3/98 16:30 5.0

21.0

4a-r3-t5h-1 500.49 GW Only 0 7.13 42.81 464.8 NA

6/4/98 8:30 4a-r3-t20h-1

4a-r3-t24h-1

500.49

500.49

GW Only
GW Only

0

0

7.52 50.33 457.7 NA

6/4/98 11:40 24.2 7.22 57.55 450.2 NA

2

.7 1.1
2
2

2

2

2

6/3/98 11:33 0.0 4a-r3-l0-2 524.94 GW Only 0.0 7.2 7.2 524.9 NA
6/3/98 12:07 0.6 4a-r3-t30m-2a 524.94 GW Only 0 14.54 21.74 517.7 NA

6/3/98 13:06 1.5 4a-r3-t1.5h-2 524.94 GW Only 0 7.44 29.18 503.2 NA

6/3/98 14:31

6/3/98 16:31

6/4/98 8:31

3.0 4a-r3-t3h-2 524.94 GW Only 0 7.33 36.51 495.8 NA

5.0 4a-r3-t5h-2

4a-r3-t20h-2

524.94 GW Only 0 7.16 43.67 488.4 NA

NA "21.0 524.94 GW Only 0 7.26 50.93 481.3

6/4/98 11:41 24.1 4a-r3-t24h-2 524.94 GW Only 0 7.36 58.29 474.0 NA

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. [4a-R3 For additional comments, see Laboratory Notebook B000025
Mn04- Calb. Slope: 0.019 STOCK SOLN ABS 0.369 DF: 2500 Cone (ppm): 48403.35

Calibration Date: 4/8/98

pHData
Volume Initial Final Final Final mg Mn04 Cum. Cum mg Mn04-

Reactor Stock Mn Mn04- Mn04- Spec Mn04- Consumec mg MnOA mg MnO<1 in Aliquot PH
No. Added (m (mg/L) ABS DF (mg/L) in Interval Consumec per gram

0 0 0.004 1 NA NA NA NA NA 8.2

0 0 0.034 1 NA NA NA NA NA 8.15

0 0 0.008 1 NA NA NA NA NA 8.13

0 0 0.009 1 NA NA NA NA NA 8.12

0 0 0.010 1 NA NA NA NA NA 8.13

0 0 0.013 1 NA NA NA NA NA 8.15

0 0 0.012 1 NA NA NA NA NA 8.13

' 2

"" 2
0

0

0 0.007 1 NA NA NA NA NA 8.21

0 0.009 1 NA NA NA NA NA 8.16

2 0 0 0.007 1 NA NA NA NA NA 8.18

2 0 0 0.008 1 NA NA NA NA NA 8.18

2 0 0 0.010 1 NA NA NA NA NA 8.17

2 0 0 0.012 1 NA NA NA NA NA 8.16

2 0 0 0.012 1 NA NA NA NA NA 8.19

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation asaTechnology for Groundwater Remediation at the INEELTAN Site

Exp. 4a-R3 For additional comments, see Laboratory Notebook B000025

Reactor

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. % of Init A % of Total Cum % mg TCE

GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

631 160 2.97 2.99 159 NA NA NA NA NA NA 0.00

—j—- 638

645

166 2.93 3.16 154 NA NA NA NA NA NA 0.00

0.00

6.00
154 2.87 2.82 157 NA NA NA NA NA NA

652 187 2.89 3.68 147 NA NA NA NA NA NA

659 158 2.90 3.00 153 NA NA NA NA NA NA 0.00

666 154 2.86 2.99 147 NA NA NA NA NA NA 0.00

673 159 2.91 3.12 148 NA NA NA NA NA NA 0.00

2 633

639

159 2.95 3.27 144 NA NA NA NA NA NA 0.00

165 2.92 3.06 157 NA NA NA NA NA NA 0.00

2 646 147 2.87 2.97 142 NA NA NA NA NA NA 0.00

2 653 153 2.88 3.16 140 NA NA NA NA NA NA 0.00

0.00
2 660 145 2.88 2.99 140 NA NA NA NA NA NA

2

2

667 145 2.90 3.00 140 NA NA NA NA NA NA 0.00

boo
674 143 2.91 3.01 139 NA NA NA NA NA NA

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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LaboratoryEvaluation of In Situ Chemical Oxidation asa Technology forGroundwaterRemediation at the INEEL TAN Site

Exp. 4a-R3 For additional comments, see Laboratory Notebook B000025

Sample Data
RXN Volume Solid vol (mL) Cum Actual Actual

Reactor

No7~
Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S
Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Samplinc Ratio

.__3_ 6/3/98 11:34 0.0 4a-r3-t0-3 454.86 C. Basalt 100.1 7.04 7.04 454.9 4.5

3 6/3/98 12:10 0.6 4a-r3-t30m-3 454.86 C. Basalt 100.1 6.94 13.98 449.1 4.5

3 6/3/98 13:07 1.5 4a-r3-t1.5h-3a 454.86 C. Basalt 100.1 13.99 27.97 442.1 4.4

3 6/3/98 14:32 3.0 4a-r3-t3h-3 454.86 C. Basalt 100.1 6.91 34.88 428.1 4.3
3 6/3/98 16:32 5.0 4a-r3-t5h-3 454.86 C. Basalt 100.1 6.79 41.67 421.2 4.2

3 6/4/98 8:32 21.0 4a-r3-t20h-3 454.86 C. Basalt 100.1 6.63 48.3 414.4 4.1
3 6/4/98 11:42 24.1 4a-r3-t24h-3a 454.86 C. Basalt 100.1 13.94 62.24 407.8 4.1

4 6/3/98 11:36 0.0 4a-r3-t0-4 433.12 C. Basalt 100.3 7 7 433.1 4.3
4

4

6/3/98 12:13 0.6 4a-r3-t30m-4 433.12 C. Basalt 100.27 6.85 13.85 427.4 4.3

6/3/98 13:09 1.6 4a-r3-t1.5h-4 433.12 C. Basalt 100.27 7.19 21.04 420.5 4.2

4 6/3/98 14:33 3.0 4a-r3-t3h-4a 433.12 C. Basalt 100.27 13.98 35.02 413.3 4.1

4 6/3/98 16:34 5.0 4a-r3-t5h-4 433.12 C. Basalt 100.27 6.85 41.87 399.4 4.0

4 6/4/98 8:32 20.9 4a-r3-t20h-4 433.12 C. Basalt 100.27 7.04 48.91 392.5 3.9
4 6/4/98 11:44 24.1 4a-r3-t24h-4 433.12 C. Basalt 100.27 7.02 55.93 385.5 3.8

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation atthe INEEL TAN Site

Exp. |4a-R3 For additional comments, see Laboratory Notebook BO0O025
Mn04- Calb. Slope: O.OI9|STOCK SOLN ABS 0.369 DF: 2500 Cone (ppm): 48403.35

Calibration Dale: 4/8/98

pH Datawfi(WtLsaflBiw
Volume Initial Final Final Final mg Mn04 Cum. Cum mg Mn04-

Reactor Stock Mr Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot pH

No. Added (in (mg/L) ABS DF (mg/L) in Interval Consumec per gram

3 0 0.0 0.002 1 134.7 0.0 0.0 0.0 0.0 8.2

3 1.25 134.7 0.463 5 I2I.5 6.0 6.0 0.1 0.8 8.22

3 1.25 121.5 0.442 5 116.0 2.4 8.4 0.1 1.6 8.22

3 1.25 116.0 0.436 5 114.4 0.7 9.1 0.1 0.8 8.22

3 1.25 114.4 0.422 5 110.7 1.5 10.6 0.1 0.8 8.23

3

3

1.25 110.7 0.374 5 98.1 5.2 15.8 0.2 0.7 8.26

1.25 98.1 0.305 5 80.0 7.4 23.2 0.2 1.1 8.3

4 0 0.0 0.004 1 141.6 0.0 0.0 0.0 0.0 8.21

4 1.25 141.6 0.465 5 122.0 8.4 8.4 0.1 0.8 8.23

4 1.25 122.0 0.466 5 122.3 -0.1 8.3 0.1 0.9 8.23

4 1.25 122.3 0.466 5 122.3 0.0 8.3 0.1 1.7 8.23

4

4

L25
1.25

122.3 0.459 5 120.4 0.7 9.0 0.1 0.8 8.24

120.4 0.380 5 99.7 8.1 17.1 0.2 0.7 8.25

4 1.25 99.7 0.447 5 117.3 -6.8 10.4 0.1 0.8 8.3

Prepared by: S.R. Cline
LastUpclatccI: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

4a-R3 Fnr additional comments, see Laboratorv Notebook BO0OO25 ._

"•

% of Total Cum% mg TCE
ORNL Flag Hexane Aqueous Aqueous flag Aq. mg ic-c

GC# Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquol

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

171

21
=====

2.97

2.89

3.11 164 1.00 0.000 0.0 0.0% 0.0% 0.0%^ 0.00

3

3

641 3.14 19 0.12 0.065 0.1 87.0% 94.4% 94.4% 0.00

0.00
647 6 2.85 3.01 6 0.04 0.006 0.1 8.0% 8.6% 103.0%

3 654 0 2.91 3.24 1
A Steven Robert Cllne: .002 0.1 2.8% 3.1% 106.1% 0.00

1 661 0 2.74 3.20 1 000 0.1 0.0% 0.0% 106.1% 0.00

3
3

668 0 2.89 3.18 1 0.01 0.000 0.1 0.0% 0.0% 106.1% 0.00

675 0 2.88 3.14 1 0.01 0.000 0.1 0.0% 0.0% 106.1% 0.00

4 635 172 2.93 3.18 159 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.00

4 642 17 2.91 3.01 17 0.11 0.1 0.1 88.3% 92.9% 92.9% 0.00

4 649 0 2.87 3.01 1 0.01 0.0 0.1 9.6% 10.1% 103.1% 0.00

4 655 0 2.88 3.17 1 0.01 0.0 0.1 0.0% 0.0% 103.1% 0.00

4 662 0 2.92 2.98 1 0.01 0.0 0.1 0.0% 0.0% 103.1% 0.00

4 669 0 2.88 3.13 1 0.01 0.0 0.1 0.0% 0.0% 103.1% 0.00

4 677 0 2.84 3.10 1 0.01 0.0 0.1 0.0% 0.0% 103.1%

1 J 1

Prepared by: S.R. Cline
LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R3 For additional comments, see Laboratory Notebook B000025

"

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at US

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Samplinc Ratio

5 6/3/98 11:37 0.0 4a-r3-t0-5 451.03 C. Basalt 100.7 7.11 7.11 451.0 4.5

5 6/3/98 12:14 0.6 4a-r3-t30m-5 451.03 C. Basalt 100.7 7 14.11 456.4 4.5

5 6/3/98 13:10 1.5 4a-r3-l1.5h-5 451.03 C. Basalt 100.7 7.17 21.28 449.4 4.5

5 6/3/98 14:35 3.0 4a-r3-l3h-5 451.03 C. Basalt 100.7 7.12 28.4 442.3 4.4

5 6/3/98 16:35 5.0 4a-r3-t5h-5a 451.03 C. Basalt 100.7 13.68 42.08 435.1 4.3

5 6/4/98 8:33 20.9 4a-r3-t20h-5 451.03 C. Basalt 100.7 6.91 48.99 421.5 4.2

5 6/4/98 11:45 24.1 4a-r3-t24h-5 451.03 C. Basalt 100.7 7.09 56.08 414.5 4.1

6 6/3/98 11:38 0.0 4a-r3-l0-6 453.78 C. Basalt 100.6 7.05 7.05 453.8 4.5

6 6/3/98 12:15 0.6 4a-r3-t30m-6 453.78 C. Basalt 100.61 7.08 14.13 459.2 4.6

6 6/3/98 13:11 1.5 4a-r3-t1.5h-6 453.78 C. Basalt 100.61 7.1 21.23 452.2 4.5

6

6

6/3/98 14:36 3.0 4a-r3-t3h-6 453.78 C. Basalt 100.61 7.04 28.27 445.1 4.4

6/3/98 16:37 5.0 4a-r3-t5h-6 453.78 C. Basalt 100.61 6.99 35.26 438.0 4.4

6 6/4/98 8:34 20.9 4a-r3-t20h-6a 453.78 C. Basalt 100.61 13.97 49.23 431.0 4.3

6 6/4/98 11:46 24.1 4a-r3-t24h-6 453.78 C. Basalt 100.61 6.95 56.18 417.1 4.1

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. |4a-R3 For additional comments, see Laboratory Notebook B000025

Mn04- Calb. Slope: 0.019 STOCK SOLN ABS 0.369 DF: 2500 Cone (ppm): 48403.35

Calibration Dale: 4/8/98
pH Data

Volume Initial Final Final Final mg Mn04 Cum. Cum mg Mn04-

Reactor Stock Mr Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot pH

No. Added(m (mg/L) ABS DF (mg/L) in Interval Consumec per gram

5 0 0.0 0.004 1 1325.6 0.0 0.0 0.0 0.0 8.22

5 12.5 1325.6 0.487 50 1277.6 21.9 21.9 0.2 8.9 8.29

5 12.5 1277.6 0.472 50 1238.3 17.7 39.6 0.4 8.9 8.27

5 12.5 1238.3 0.480 50 1259.3 -9.3 30.3 0.3 9.0 8.24

5 12.5 1259.3 0.466 50 1222.5 16.0 46.3 0.5 16.7 8.23

5 12.5 1222.5 0.464 50 1217.3 2.2 48.5 0.5 8.4 8.23

5 12.5 1217.3 0.454 50 1191.1 10.9 59.4 0.6 8.4 8.24

6 0 0.0 0.004 1 1317.5 0.0 0.0 0.0 0.0 8.2

6 12.5 1317.5 0.494 50 1296.0 9.9 9.9 0.1 9.2 8.27

6 12.5 1296.0 0.462 50 1212.1 38.0 47.8 0.5 8.6 8.25

6 12.5 1212.1 0.486 50 1275.0 -28.0 19.8 0.2 9.0 8.23

8.21
6 12.5 1275.0 0.477 50 1251.4 10.3 30.2 0.3 8.7

6

6

12.5

" 12.5
1251.4 0.457 50 1198.9 22.6 52.8 0.5 16.7 8.2

1198.9 0.477 50 1251.4 -21.9 30.9 0.3 8.7 8.23

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R3 For additional commenls, sec Laboratory Notebook B000025

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. % of Init A % of Total Cum% mgTCE
Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

5 636 168 2.94 3.21 154 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.00

5 643 0 2.88 3.10
r.

0.1 100.5% 102.3% 102.3% 0.00Steven Robert Cllne:

ND, BUT EIITERED AS 1 PPB FOR

0.1

5 650 0 2.88 2.96 0.0 0.1 0.0% 0.0% 102.3% 0.00

5 657 0 2.89 2.99 0.0 0.1 0.0% 0.0% 102.3% 0.00

5 663 0 2.89 3.16 0.01 0.0 0.1 0.0% 0.0% 102.3% 0.00

5 670 0 3.13 3.00 0.01 0.0 0.1 0.0% 0.0% 102.3% 0.00

5 678 0 2.90 3.01 0.01 0.0 0.1 0.0% 0.0% 102.3% 0.00

6 637 154 2.95 2.96 154 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.00

6 644 0 2.89 3.03 0.01 0.1 0.1 100.5% 102.3% 102.3% 0.00

6 651 0 2.90 3.13 o.ot 0.0 0.1 0.0% 0.0% 102.3% 0.00

6 658 0 2.88 3.13 0.01 0.0 0.1 0.0% 0.0% 102.3% 0.00

6 665 0 2.91 2.99 0.01 0.0 0.1 0.0% 0.0% 102.3% 0.00

6 671 0 2.91 3.02 0.01 0.0 0.1 0.0% 0.0% 102.3%. 0.00

6 679 0 2.88 3.38 0.01 0.0 0.1 0.0% 0.0% 102.3% 0.00

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidationas a Technology for Groundwater Remediationat the INEEL TAN Site

Experiment: 4a-R4 For additionalcomments,see Laboratory NotebookB000025
Solid Media

A. Basalt

Initial TCE (ppb)
100

Co-Contaminant?

NO

Mn04- Cones. (%)
0.01 &0.1

Experiment Start Date: 7/14/98

Comments:

See general procedure on pages 57-60 inthe laboratoryNotebook.
Deviations from general procedure:
NONE

SPIKE SOLUTION PREPARATION

Volume GW in Tedlar

Volume Sat. TCE added

Predicted Spike Cone:

2.97 liters

0.3 mL

0.3 mg
101 ppb

(Assuming 1000 ppm Saturated Cone.)

GC Analysis of Spike Solution

ORNL

GC#

Sample

Name

Sample

Time

Extract

Cone.

(ppb)

Flag Hexane

Volume

(mL)

Aqueous

Volume

(mL)

Aqueous

Cone.

(ppb)
1246 4a-r4-lba 7/14/98 14:46 192 4.95 5.11 185

1247 4a-r4-tbb 7/14/98 14:46 157 4.82 5.27 143

Prepared by: S.R. Cline

Pages: 91-94

LaslUpdatcd: 10/22/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R4 For additional comments, see Laboratory Notebook BOOO025

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor

No.

Sample
Time

Time Sample G W Used Media Mass aqueous Aliquot Vol at L/S

Ratio(hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling
1 7/15/98 10:48 0.0 4a-r4-t0-1a 500.964 GW Only 0.0 14.63 14.63 501.0 NA

7/15/98 11:20 0.5 4a-r4-t30min-1 500.964 GW Only 0 7.42 22.05 486.3 NA

7/15/98 12:20 1.5 4a-r4-t1.5h-1 500.964 GW Only 0 7.37 29.42 478.9 NA

7/15/98 13:56 3.1 4a-r4-t3h-1 500.964 GW Only 0 7.35 36.77 471.5 NA

7/15/98 15:50 5.0 4a-r4-l5h-1 500.964 GW Only 0 7.44 44.21 464.2 NA

7/16/98 8:01 21.2 4a-r4-t20h-1 500.964 GW Only 0 7.35 51.56 456.8 NA

7/16/98 10:42 23.9 4a-r4-t24h-1 500.964 GW Only 0 7.35 58.91 449.4 NA

2 7/15/98 10:49 0.0 4a-r4-t0-2 496.24 GW Only 0.0 7.49 7.49 496.2 NA

2 7/15/98 11:21 0.5 4a-r4-t30min-2a 496.24 GW Only 0 14.74 22.23 488.8 NA

2 7/15/98 12:21 1.5 4a-r4-t1.5h-2 496.24 GW Only 0 7.45 29.68 474.0 NA

2 7/15/98 13:57 3.1 4a-r4-t3h-2 496.24 GW Only 0 7.44 37.12 466.6 NA

2 7/15/98 15:51 5.0 4a-i4-l5h-2 496.24 GW Only 0 7.38 44.5 459.1 NA

2
2

7/16/98 8:02 21.2 4a-i4-t20h-2 496.24 GW Only 0 7.34 51.84 451.7 NA

7/16/98 10:43 23.9 4a-r4-t24h-2 496.24 GW Only 0 7.27 59.11 444.4 NA

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. |4a-R4 For additional comments, see Laboratory Notebook B000025
Mn04- Calb. Slope: 0.022 STOCK SOLN ABS 0.517 DF: 1667 Conc(ppm): 38607.91

Reactor

'~No~

Calibration Date: 6710/98 1
pH Data

Volume

Stock Mn

Initial Final Final Final mg Mn04 Cum. Cum mg Mn04-
Mn04-

(mg/L)
Mn04-

ABS

Spec Mn04- Consumec mg Mn04 mg MnO<1 in Aliquot pH
Added (m DF (mg/L) in Interval Consumec per gram

0 0 0.003 1 NA NA NA NA NA 8.08

0 0 0.005 1 NA NA NA NA NA 8.08

0 0 0.004 1 NA NA NA NA NA 8.1

0 0 0.008 1 NA NA NA NA NA 8.09

0 0 0.008 1 NA NA NA NA NA 8.07

-----

0 0 0.005 1 NA NA NA NA NA 8.07

0 0 0.008 1 NA NA NA NA NA 8.08

2

2

0 0 0.003 1 NA NA NA NA NA

NA

8.02

8.060 0 0.003 I NA NA NA NA

2 0 0 0.003 1 NA NA NA NA NA 8.06

2 0 0 0.004 1 NA NA NA NA NA 8.06

8.062 0 0 0.005 1 NA NA NA NA NA

2

2

0

0

0

0
0.003 1 NA NA NA NA NA 8.05

0.002 1 NA NA NA NA NA 8.06

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R4 Foradditional comments, seeLaboratory Notebook B000025

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. % of Init A % of Total Cum % mgTCE
Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE

No. (ppb) (mL) (mL) (Ppb) in Interval Oxidized In Interval In Interval Oxidized
1248 160 3.00 3.42 141 NA NA NA NA NA NA 0 00
1255 154 2.89 3.19 140 NA NA NA NA NA NA 0 00
1262 141 2.88 3.03 134 NA NA NA NA NA NA 0 001269 144 2.87 3.05 136 NA NA NA NA NA NA 0 00
1276 140 2.87 3.05 131 NA NA NA NA NA NA 0 00
1283 142 2.86 3.04 134 NA NA NA NA NA NA 0 001290 146 2.87 3.21 131 NA NA NA NA NA NA 0.00

2 1250 139 2.95 2.92 140 NA NA NA NA NA NA 0 00
2 1256 161 2.87 3.28 141 NA NA NA NA NA NA 0 00
2 1263 142 2.89 2.97 138 NA NA NA NA NA NA 0 00
2 1270 149 2.87 3.09 139 NA NA NA NA NA NA 0 00
2 1277 151 2.89 3.17 137 NA NA NA NA NA NA 0 002
2

1284 155 2.84 3.23 137 NA NA NA NA NA NA 0 00
1291 162 2.99 3.39 143 NA NA NA NA NA NA 0.00

.,,

Prepared by: S.R. Cline
LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R4 For additional comments, see Laboratory Notebook B000025

RXN Volume Solid vol (mL) Cum Actual Aclual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Samplinc Ratio

3 7/15/98 10:50 0.0 4a-r4-t0-3 405.81 A. Basalt 100.1 7.05 7.05 405.8 4.1

3 7/15/98 11:23 0.6 4a-r4-t30min-3 405.81 A. Basalt 100.054 6.83 13.88 400.0 4.0

3 7/15/98 12:22 1.5 4a-r4-t1.5h-3a 405.81 A. Basalt 100.054 14.19 28.07 393.2 3.9

3 7/15/98 13:58 3.1 4a-r4-t3h-3 405.81 A. Basalt 100.054 6.96 35.03 379.0 3.8

3 7/15/98 15:52 5.0 4a-r4-t5h-3 405.81 A. Basalt 100.054 6.9 41.93 372.0 3.7

3 7/16/98 8:03 21.2 4a-r4-t20h-3 405.81 A. Basalt 100.054 6.89 48.82 365.1 3.6

3 7/16/98 10:44 23.9 4a-r4-l24h-3 405.81 A. Basalt 100.054 6.65 55.47 358.2 3.6

4 7/15/98 10:50 0.0 4a-r4-t0-4 409.143 A. Basalt 100.0 7.14 7.14 409.1 4.1

4 7/15/98 11:24 0.6 4a-r4-t30min-4 409.143 A. Basalt 100.023 7.32 14.46 403.3 4.0

4 7/15/98 12:24 1.6 4a-r4-t1.5h-4 409.143 A. Basalt 100.023 7.11 21.57 395.9 4.0

4 7/15/98 13:58 3.1 4a-r4-t3h-4a 409.143 A. Basalt 100.023 14.58 36.15 388.8 3.9

4 7/15/98 15:53 5.1 4a-r4-t5h-4 409.143 A. Basalt 100.023 7.23 43.38 374.2 3.7

4 7/16/98 8:03 21.2 4a-r4-t20h-4 409.143 A. Basalt 100.023 7.27 50.65 367.0 3.7

4 7/16/98 10:44 23.9 4a-r4-t24h-4 409.143 A. Basalt 100.023 7.32 57.97 359.7 3.6

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. |4a-R4 For additional comments, see Laboratory Notebook B000025
Mn04- Calb. Slope: 0.022 STOCK SOLN ABS 0.517 DF: 1667 Conc(ppm): 38607.91

Calibration Date: 6710/98 I
nH DataWaWiiBliaHf

Volume Initial Final Final Final mg Mn04 Cum. Cum mg Mn04-
Reactor Stock Mn Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot PH

No. Added (m (mg/L) ABS DF (mg/L) in Interval Consumec per gram

3 0 0.0 0.004 1 120.6 0.0 0.0 0.0 0.0 8.01

3 1.25 120.6 0.506 5 113.4 2.9 2.9 0.0 0.8 8.03

3 1.25 113.4 0.498 5 111.6 0.7 3.6 0.0 1.6 8.02

3 1.25 111.6 0.506 5 II 3.4 -0.7 2.9 0.0 0.8 8.02

3 1.25 113.4 0.498 5 II 1.6 0.7 3.6 0.0 0.8 8.03

3 1.25 111.6 0.447 5 100.1 4.2 7.8 0.1 0.7 8.3

3 1.25 100.1 0.481 5 107.8 -2.7 5.1 0.1 0.7 8.31

4 0 0.0 0.003 1 119.7 0.0 0.0 0.0 0.0 8.02

4 1.25 119.7 0.513 5 114.9 1.9 1.9 0.0 0.8 8.03

4 1.25 114.9 0.518 5 116.0 -0.4 1.5 0.0 0.8 8.02

4 1.25 116.0 0.512 5 114.7 0.5 2.0 0.0 1.7 8.02

4 1.25 114.7 0.507 5 113.6 0.4 2.4 0.0 0.8 8.03

4 1.25 113.6 0.503 5 112.7 0.3 2.7 0.0 0.8 8.23
4 1.25 112.7 0.492 5 110.2 0.9 3.6 0.0 0.8 8.25

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

4a-R4 For additional commenls. sec Laboratory Notebook B000025

mgTCE
ORNL Extrac Flag Hexane Aqueous Aqueous Hag Aq. mg t lb i_um.

GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

0.00
3 1251 145 2.91 3.06 138 1.00 0.000 0.0 0.0% 0.0% 0.0%

3 1258 13 2.86 3.13 12
k

0.08 0.050 0.1 90.3%

7 4%

88.6%

7 3%

88.6%

95 9%

0.00

0.00
3

3

1264

1271

0

0

2.90

2.89

3.19

3.28
Steven Robert Cllne:
ND, BUTENTERED AS 1 PPBFOR 000 0.1 0.0% 0.0% 95.9% 0.00

3 1278 0 2.87 3.06 [""'"tf.ui l—tfooo 0.1 0.0% 0.0% 95.9% 0.00

3

3

1285

1292

0 2.87 3.09 0.01 0.000 0.1 0.0% 0.0% 95.9% 0.00

0 2.90 2.87 0.01 0.000 0.1 0.0% 0.0% 95.9% 0.00

o.ob
4 1252 152 2.90 3.28 134 1.00 0.000 0.0 0.0% 0.0% 0.0%

4

4

1259

1266

15 2.87 3.12 14 0.10 0.049 0.0 88.6% 84.7% 84.7% 0.00

0 2.86 3.24 0.01 0.005 0.1 9.1% 8.7% 93.4% 0.00

0.00
4 1272 0 2.88 3.19 0.01 0.000 0.1 0.0% 0.0% 93.4%

4 1279 0 2.87 3.15 0.01 0.000 0.1 0.0% 0.0% 93.4% 0.00

4 1286 0 2.87 2.98 0.01 0.000 0.1 0.0% 0.0% 93.4% 0.00

4 1293 0 2.88 3.04 0.01 0.000 0.1 0.0% 0.0% 93.4% 0.00

1 J 1

Prepared by: S.R. Cline
LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. |4a-R4 For additional comments, sec Laboratory Nolcbook B000025
Mn04- Calb. Slope: 0.022 STOCK SOLN ABS 0.517 DF: 1667 Cone (ppm): 38607.91
Calibralion Dale: 6/10/98 I

pH Datammm&mm ^

nal FinalVolume Initial Final F WISSSESlfliWM Cum mg Mn04-
Reactor

No.

Slock Mr

Added(m

Mn04- Mn04- Spec Mn04- Consumecmg Mn04 mg Mn04 in Aliquot PH
(mg/L) ABS DF (mg/L) in Inlcrva Consumec per gram

5 0 0.0 0.003 1 1186.4 0.0 0.0 0.0 0.0 8.02
5 12.5 1186.4 0.493 50 1104.5 33.3 33.3 0.3 8.2 8.14
5
5

12.5 1104.5 0.488 50 1093.3 4.5 37.8 0.4 7.9 8.12
12.5 1093.3 0.493 50 1104.5 -4.4 33.4 0.3 8.2 8.12

5 12.5 1104.5 0.497 50 II 13.4 -3.4 30.0 0.3 16.4 8.13
5 12.5

12.5

1113.4 0.500 50 1120.2 -2.5 27.5 0.3 8.2 8.28
5 1120.2 0.497 50 1113.4 2.4 29.9 0.3 8.1 8.28

6 0 0.0 0.001 1 1186.1 0.0 0.0 0.0 0.0 8.01
6 12.5 1186.1 0.533 50 1194.1 -3.2 -3.2 0.0 8.8 8.15
6 12.5 1194.1 0.535 50 1198.6 -1.8 -5.0 -0.1 8.6 8.13
6 12.5 1198.6 0.529 50 1185.1 5.3 0.2 0.0 8.7 8.13
6 12.5 1185.1 0.532 50 1191.8 -2.6 -2.3 0.0 8.6 8.14
f>
6

12.5

12.5

1191.8 0.533 50 1194.1 -0.8 -3.2 0.0 16.9 8.31
1194.1 0.522 50 1169.4 9.0 5.8 0.1 17.1 8.32

71 I

Prepared by: S.R. Cline
LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation asa Technology for Groundwater Remediation at the INEELTAN Site

Exp. 4a-R4 For additional commenls,see Laboratory NotebookB000025

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mg TCE Cum. %ofInit A % of Total Cum% mg TCE
Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized
5 1253 135 2.88 3.02 128 1.00 0.000 0.0 0.0% 0.0% 0.0% 0.00
5 1260 0 2.87 3.18 1 \ 0.01 0.052 0.1 100.5% 92.0% 92.0% 0.00
5 1267 0 2.84 3.25 1 Steven 1lobert Cllne:

NTERED AS 1 PPB FOR
.000 0.1 0.0% 0.0% 92.0% 0.00

5 1274 0 2.87 3.22 1
*" IID, BUT E

.000 0.1 0.0% 0.0% 92.0% 0.00
5 1280 0 2.87 3.03 1 0.01 0.000 0.1 0.0% 0.0% 92.0% 0.00

1287 0 2.87 3.33 1 0.01 0.000 0.1 0.0% 0.0% 92.0% 0.00
5 1294 0 2.87 3.17 1 0.01 0.000 0.1 0.0% 0.0% 92.0% 0.00

6
6

6

1254

"1261
159 2.89 3.20 144

-

1.00 0.000 0.0 0.0% 0.0% 0.0% 0.00
0 2.89 3.25 1 0.01 0.058 0.1 100.6% 103.2% 103.2%

l"().T2%"
0.00

0.061268 0 2.87 3.12 1 0.01 0.000 0.1 0.0% 0.0%
6

6

6
6 "

1275 0 2.87 3.10 1 0.01 0.000 0.1 0.0% 0.0% 103.2% 0.00

b.oo
0.00

1282 0 2.84 3.13 1 0.01 0.000 0.1 0.0% 0.0% 103.2%
1288

1295

0

0

2.88 3.02 1 0.01 0.000 0.1 0.0% 0.0% 103.2%
2.84 3.22 1 0.01 0.000 0.1 0.0% 0.0% 103.2% 0.00

Prepared by: S.R. Cline
LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Sllu Chemical Oxidation a* a Technology for Groundwater Remediation at Ihe INF.F.LTAN Site

E*n, 4 a R4 Fur additional comment*. sec Lahoramry Notebook B0O0O25 1 I Fur aiklilional ci'iniiacnK. sec LiJxtrjlnry t
1 Mn(M- CtSh.Slope: (M12 STOCK SOLN ABS n,M7 l)F: IW7 Cmelrrm): «««17.9I

C*liN.«>onMii<:tVI<W*

FinalRXN VnhllTK Solid »ol(nt) Cum Actual Actual Volume Inilird Final Final ORNL Euract Fl»« He*ine Aquenu Auucout Flag tout AVO STDEV

Rc-U-IChT Sample Tinic Sample GWUsed Media MlM aqueous Aliquol Vol it US Slock M Mn04- MnOI- Spec Mn04- PH GCi C«K. Volume Volume ClDK. (ppb) (Ppb)
N.i.

p—

I

Time [h»> Name (mL)

7/15/98 10:4a 0.0 4a-t4-KMb 500.964

Type (prams) aliquot Vol(mi.) Samptng Ratio AiUal(m

0

(mg/L)

SB?**
NA

ABS

i&tftt
0.002

DF (mg/!.)

NA 8.02 1241

cn*>

152

(mL) imt)

143 -1.9% H208 I.WGWOnly 0 7.W NA NA NA 2.98 ' 3.15
7/15/98 11:22 06

1.5

4a-r4 t30rrtn-2b 4%.2J QWOnly { 7.4J NA NA NA ( NA ooct 1 NA 8.05 1257 15C 2.86 307 14C 06% 140 57 OM)

0.001

4

7/15/98 12:23 4a-r4lt.5r.3b 405.KI A. Basalt 100.054 7.30 NA NA NA 1.25 NA 0.543 5 121.6 8.03 1265 0 2.66 3 20 1

V
0.0% 1.00

1.007/15/98 13:59 3.1 4a-r4Ch-4b 409.14.1 A. Basalt I00.C 7.2" NA NA NA 125 NA 0 514 5 115; 803 1273 C 2.M J .06 1 0.0% 0.00

S 7/15/98 15:55 5.1 4a-r415h-5b 401.463 A. Basal! 100.0 7..W NA NA NA 1.25 NA 0.529 5 118 5 S.13 1281 0 2.67 306 t ^ 0.0% 1.00

1.00

0.00

ft 7/16/98 8:05 21.2 4a-r4-t20h-a 401.58 A. Basal 100.1 fi.W NA NA NA 12 5 NA 0535 50 119*.*. 6.31 1289 t 2.92 3.4B 1 \0.0% II Ul

ft

1

2

.1

7/16/98 10:47 23.9 4a-M-B4Mb 401 5ft A. Basal) 100.1 732 NA MA NA 125 NA 0 525 50 11763 833 1296 t 2.87 3.16 1 Xo% 1.00 OtMl

Wsttiiaotfthtttetnal lingRa&rl&mi*rii$%SP*yjyT?y^?3r7^ mm 1?$%$ WS9 j-WJtJ!-* S3E&5 T?'w?!!t $r98 *&&&$SrS^r? mm mm® tbttgw -zir^r**#&£

7/16/98 10:58

7/16/98 10.59

NA

Snvttn RoMrtCllfi*:
o. ftji onu-w is i ire K»

torrnc iog kmi24.1 4ar4l3 405.81 A. Basalt 11*1(114 NA NA NA NA NT 1309 0 400.24 419.47 O.OEtOC

24.1 4a-r4-l4 409143 A. BasaN 10002) NA NA NA NA NA NT 1310 0 400 B2 423.78 O.OE+tM

5 7/16/98 11:02 242 4a-t4l5 401.463 A. Basalt W.W7 NA NA NA NA NA NT 1311 0 400 3 426 52 O.0E*K

ft 7/16/96 11:04 24 2 4ai4f6 401.56 A. Basalt I00.05B NA NA NA NA NA NT 1312 0 400 417.4S 0.0E*K

|

Charcoal
wmwmWB>

NA ' NA *1297 0
WrWE

2.82

Mass Mass

r~:z
EitotMtlni oftlwCrural BrtiTS^Sr^ff K*p^.i$Zf$i% T:^m*wm HKonitbBrmo)^

1 7/16/98 10.50 4a-r4-etw-1a NA NA NA NA NT 008 O.OE+00

1

2

7/16/98 10 50 4a H-ehac-lb Charcoal NA NA NA <JA NA NA NT 1298 0 2.82 004 O.OE+00

7/ItV/K 11151

7/ltWK 11)51

4 a-f 4-char-2a Charcoal NA NA NA NA NA NA NT 1299 0 2.84 009 O.OE+00

2 4a-r4<hai-2b Chatcoal NA NA NA NA NA NA NT 1300 0 2.85 004 O.OE+00

i 7/16/98 10 52

7/lfi/VK 10:52

4a-i4<har-3a Charcoal NA NA NA NA NA NA NT 1301 0 285 0.09 0.0E+00

4_

_ __

5

•--—

4a-t4chat-3b Charcoal NA NA NA NA NA NA NT 1302 0 2.65 0.05 O.OE+00

7/16/98 10 53

7/IWVH U)5.»

~~ 7/llWH lil54

4 a-r4-char-4a Charcoal NA NA NA NA NA NA NT 1303 0 2.85 0.02 O.OE+00

-:=I
4a-c4<har-4b Charcoal NA NA NA NA NA NA NT 1304 0 2.84 0.04 O.OE+00

.._..

4a-r4-char-5a Charcoal NA NA NA NA _j NA NA NT 1305 0 2.85 0.09 0.0E+00

7/16/98 10.54

7/16/98 10 55

4a-(4-char£b Charcoal NA NA NA NA NA NA NT 1306 0 2.63 0.03 o.oe+oo
____.

_.

4 a-r4-char-6a Charcoal HA •4A NA NA NA YA NT 1307 0 2.86 0.10 O.OE+00

f> 7/ift/VX 10.55 4a-r4-char-6b Charcoal NA 1A NA NA NA NA NT 1308 0 2.84 004 0.0E+00
—

AtWiiktni] Oxklani InformMloa

....

4

"5
ft

milJ Mnt H- Inil Luail C(«uumcil Consumed

n»rl

nigAnL
>r

nip/g n.e«».*24hM

nig/iiiLnr

"tVg

AVG

<ing/E>
(Ml

" ~ 4K 1
~~ JK2 ft"

4K2fi

norm NA NA NA

n.two NA NA NA

—

0 10

0.10

~ 0.95"

5.1ft

3.M

0 01

oiii "liiii"
__._

""-

29.67 0.0ft

0V5 671 0 01 004

Prcpunlhy: S R (Ii LmUfxIalcl ll/.»rVR
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Experiment: 4a-R5
Solid Media

C. Basalt

Initial TCE (ppb)
1000

Experiment Start Date:

Co-Contaminant?

NO

For additional commenls, sec Laboratory Notebook B000025
Mn04- Cones. (%)
0.01 &0.1

6/15/98

Pages: 78-81

Comments:

See general procedure on pages 57-60 In the laboratory Notebook.
Deviations from general procedure:

none NOTE: Small Amt of TCE in Blank solution!
This hexane was likely used in the preparation of theGCexlracls/dilutions

(8-12 ppb) (See 061998b data set)

SPIKE SOLUTION PREPARATION

Volume GW in Tedlar 2.99 liters

Volume Sat. TCE added 3 mL

3 mg

Predicted Spike Cone: 1003 ppb
(Assuminc 1000 ppm Saturated Cone.)

GC Analysis of Spike Solution
ORNL

GC#

Sample

Name

Sample

Time

Extract

Cone.

(ppb)

Flag Hexane

Volume

(mL)

Aqueous
Volume

(mL)

Aqueous
Cone.

(ppb)
763 4a-r5-lba 6/17/98 15:10 1344 4.93 4.92 1347

764 4a-r5-tbb 6/17/98 15:10 1443 4.98 5.30 1354

Prepared by: S.R. Cline LaslUpdaled: 10/22/98
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Laboratory Evaluationof In Situ Chemical Oxidation as a Technology forGroundwater Remediation at the INEEL TAN Site

Exp. 4a-R5 For additional comments, sec Laboratory Notebook BOO0025

ata ".•'•"'[Sample D
............. . .. .. ....

RXN Volume Solid vol (mL) Cum Actual Actual
Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Samplinc Ratio

6/18/98 11:00 0.0 4a-r5-IO-1a 495.18 GW Only 0.0 14.30 14.3 495.18 NA

6/18/98 11:33 0.5 4a-r5-t30m-1 495.18 GW Only 0 7.61 21.91 480.88 NA

6/18/98 13:00 2.0 4a-r5-t1.5h-1 495.18 GW Only 0 7.39 29.3 473.27 NA

6/18/98 14:10 3.2 4a-r5-t3h-1 495.18 GW Only 0 7.33 36.63 465.88 NA

6/18/98 16:05 5.1 4a-r5-t5h-1 495.18 GW Only 0 6.95 43.58 458.55 NA

2

6/19/98 8:30 21.5 4a-r5-l20h-1 495.18 GW Only 0 7.48 51.06 451.6 NA
6/19/98 11:00 24.0 4a-r5-t24h-1 495.18 GW Only 0 7.35 58.41 444.12 NA

6/18/98 11:01 0.0 4a-r5-IO-2 502.82 GW Only 0.0 6.99 6.99 502.82 NA
_ 2

2

2

2

6/18/98 11:33 0.5 4a-r5-l30m-2a 502.82 GW Only 0 14.83 21.82 495.83 NA

6/18/98 13:01 2.0 4a-r5-t1.5h-2 502.82 GW Only 0 7.27 29.09 481 NA

6/18/98 14:10 3.2 4a-r5-t3h-2 502.82 GW Only 0 7.22 36.31 473.73 NA
6/18/98 16:06 5.1 4a-r5-t5h-2 502.82 GWOnly_ 0 7.18 43.49 466.51 NA

2 6/19/98 8:30 21.5 4a-r5-t20h-2 502.82 GW Only 0 7.22 50.71 459.33 NA
2 6/19/98 11:00 24.0 4a-r5-t24h-2 502.82 GW Only 0 7.22 57.93 452.11 NA

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. |4a-R5 For additional commenls, see Laboratory Notebook B000025
Mn04- Calb. Slope: 0022 STOCK SOLN ABS 0.511 DF: 1 1667 Conc(ppm): 38160

Calibration Dale: 6/10/98 I
pH Data'MsZMm^-,:.,,^:^^. •' : • .^V: ••• • ' «v i

Volume Initial Final Final Final mg Mn04 Cum. Cum mg Mn04-
Reactor Slock Mn Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot pH

No. Added (m (mg/L) ABS DF (mg/L) in Interval Consumet per gram
0 0 0.002 1 NA NA NA NA NA 8.13

0

0

0 0.003 1 NA NA NA NA NA 8.17

0 0.004 1 NA NA NA NA NA 8.15

—L_ 0 0 0.002 I NA NA NA NA NA 8.13

0 0 0.007 I NA NA NA NA NA 8.14

- '

0 0 0.004 1 NA NA NA NA NA 8.13

0 0 0.004 1 NA NA NA NA NA 8.13

2 0 0 0.002 1 NA NA NA NA NA 8

2 0 0 0.003 1 NA NA NA NA NA 8.17

2

2

0

0

0 0.004 1 NA NA NA NA NA 8.15

0 0.000 1 NA NA NA NA NA 8.14

2

2_
2 "

0

0

0

0 0.003 1 NA NA NA NA NA 8.13

0

0

0.004

" 0.003
1 NA NA NA NA NA 8.15

NA NA NA NA NA 8.14

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation of InSitu Chemical Oxidation asaTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R5 Foradditional comments, seeLaboratory Notebook B000025

ORNL mgTCE Cum. % of Init A % of Total Cum% mgTCE
in Aliquot

Extract Flag Hexane Aqueous Aqueous Flag Aq.
Reactor

No."
GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE

(ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized
765 1,403 2.98 3.17 1,319 NA NA NA NA NA NA 0.02

!— 772 1,385 2.95 3.13 1,307 NA NA NA NA NA NA 0.01
779 1,326 2.93 3.07 1,264 NA NA NA NA NA NA 0.01
786 1,310 2.85 2.95 1,264 NA NA NA NA NA NA 0.01

—!— 793
800

1,331 2.87 3.13 1,222 NA NA NA NA NA NA 0.01
1,316 2.87 2.89 1,310 NA NA NA NA NA NA 0.01

0.01
807 1,349 2.83 3.00 1,270 NA NA NA NA NA NA

2 767 1,376 2.96 3.19 1,276 NA NA NA NA NA NA 0.01
2
2

773 1,389 2.96 3.12 1,318 NA NA NA NA NA NA 0.02
780 1,452 2.87 3.15 1,320 NA NA NA NA NA NA 0.01

2 787 1,294 2.90 2.87 1,310 NA NA NA NA NA NA 0.01
2 794 1,383 2.87 3.08 1,290 NA NA NA NA NA NA 0.01
2
2

801 1,443 2.87 3.11 1,329 NA NA NA NA NA NA 0.01
808 1,302 2.86 3.04 1,224 NA NA NA NA NA NA 0.01

Prepared by: S.R. Cline
LaslUpdatcd: 10/23/98
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Laboratory Evaluation of InSituChemical Oxidation asaTechnology fio-Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R5 For additional commenls, see Laboratory Notebook B000025

Solid

Sample Data
RXN Volume vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Volal US
No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

3 6/18/98 11:02 0.0 4a-r5-t0-3 405.93 C. Basalt 100.0 7.25 7.25 405.93 4.1
3 6/18/98 11:35 0.6 4a-r5-l30m-3 405.93 C. Basalt 100 7.18 14.43 399.93 4.0
3

3

3

6/18/98 13:01 2.0 4a-r5-t1.5h-3a 405.93 C. Basalt 100 14.06 28.49 392.75 3.9
6/18/98 14:11 3.1 4a-r5-t3h-3 405.93 C. Basalt 100 6.78 35.27 378.69 3.8
6/18/98 16:07 5.1 4a-r5-(5h-3 405.93 C. Basalt 100 6.86 42.13 371.91 3.7

3

3

6/19/98 8:31 21.5 4a-r5-l20h-3 405.93 C. Basalt 100 6.99 49.12 365.05 3.7
6/19/98 11:01 24.0 4a-r5-t24h-3 405.93 C. Basalt 100 6.78 55.9 358.06 3.6

4 6/18/98 11:03 0.0 4a-r5-t0-4 420.04 C. Basalt 100.0 6.88 6.88 420.04 4.2
4 6/18/98 11:36 0.5 4a-r5-t30m-4 420.04 C. Basalt 100.02 7.22 14.1 414.41 4.1
4

4

6/18/98 13:02 2.0 4a-r5-t1.5h-4 420.04 C. Basalt 100.02 7.01 21.11 407.19 4.1
6/18/98 14:12 3.1 4a-r5-t3h-4a 420.04 C. Basalt 100.02 13.42 34.53 400.18 4.0

4

4

4

6/18/98 16:08 5.1 4a-r5-t5h-4 420.04 C. Basalt 100.02 6.79 41.32 386.76 3.9
6/19/98 8:31 21.5 4a-r5-t20h-4 420.04 C. Basalt 100.02 6.95 48.27 379.97 3.8

6/19/98 11:01 24.0 4a-r5-l24h-4a 420.04 C. Basalt 100.02 13.73 62 373.02 3.7

Prepared by: S.R. Cline LastUpdaled: 10/23/98
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Laboratory Evaluation ofInSitu Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. |4a-R5 For additional comments,sec LaboratoryNotebookB00OO25
Mn04- Calb. Slope: 0.022 STOCK SOLN ABS 0.511 DF: 1667 Cone (ppm): 38160

Calibration Date: 6/10/98

mg Mn04

pH Data

1Volume Final FinalInitial Final Cum. Cum mg Mn04-

Reactor Stock Mn Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot pH

No.

3

Added (tn

0

(mg/L) ABS DF (mg/L) in Interval Consumec per gram

0.0 0.002 1 119.3 0.0 0.0 0.0 0.0 8.17

3 1.25 119.3 0.472 5 105.7 5.4 5.4 0.1 0.8 8.1

3 1.25 105.7 0.452 5 101.3 1.8 7.2 0.1 1.4 8.11

3 1.25 101.3 0.438 5 98.1 1.2 8.4 0.1 0.7 8.11

3 1.25 98.1 0.439 5 98.3 -0.1 8.3 0.1 0.7 8.12

3 1.25 98.3 0.401 5 89.8 3.1 11.4 0.1 0.6 8.24

3 1.25 89.8 0.408 5 91.4 -0.6 10.8 0.1 0.6 8.26

4 0 0.0

115.1

0.003 1 115.1 0.0 0.0 0.0 0.0 8.17

4 1.25 0.459 5 102.8 5.1 5.1 0.1 0.7 8.09

4 1.25 102.8 0.444 5 99.5 1.4 6.5 0.1 0.7 8.09

4 1.25 99.5 0.432 5 96.8 1.1 7.5 0.1 1.3 8.1

4 1.25 96.8 0.417 5 93.4 1.3 8.8 0.1 0.6 8.11

4 1.25 93.4 0.399

0.406

5 89.4 1.5 10.4 0.1 0.6 8.21

4 1.25 89.4 5 91.0 -0.6 9.8 0.1 1.2 8.22

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation atthe INEEL TAN Site

Exp. 4a-R5 For additional comments, see Laboratory Notebook B000025

mgTCE Cum. % of Init A % of Total Cum% mgTCE

Reactor

No.

3

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq.

GC» Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

(ppb) (mL) (mL) (PPb) in Interval Oxidized In Interval In Interval Oxidized

768 1,317 2.96 3.08 1,263 1.00 0.000 0.0 0.0% 0.0% 0.0% 0.01

3 775 162 2.95 3.13 153 0.12 0.444 0.4 86.6% 84.3% 84.3% 0.00

3 781 23 2.98 3.03 22 0.02 0.051 0.5 10.0% 9.7% 94.0% 0.00

3
3

3__
3

788 15 2.90 3.22 13 0.01 0.003 0.5 0.7% 0.6% 94.7% 0.00

795 8 2.85 3.08 7 0.01 0.002 0.5 0.5% 0.5% 95.1% 0.00

802 14 2.87 3.18 12 0.01 -0.002 0.5 -0.4% -0.4% 94.8% 0.00

809 26 2.86 3.12 24 0.02 -0.004 0.5 -0.8% -0.8% 93.9% 0.00

4 769 1,338 2.95 3.11 1,269 1.00 0.000 0.0 0.0% 0.0% 0.0% 0.01

4 776 157 2.94 3.02 153 0.12 0.463 0.5 86.8% 84.9% 84.9% 0.00

4

4

783 31 2.93 3.02 30 0.02 0.050 0.5 9.4% 9.2% 94.1% 0.00

789 15 2.91 3.04 14 0.01 0.006 0.5 1.2% 1.2% 95.3% 0.00

4 796 18 2.09 3.67 10 0.01 0.002 0.5 0.3% 0.3% 95.6% 0.00

4 803 19 2.85 3.11 17 0.01 -0.003 0.5 -0.5% -0.5% 95.1% 0.00

4 810 19 2.82 2.83 19 0.02 -0.001 0.5 -0.2% -0.1% 94.9% 0.00

Prepared by: S.R. Cline LastUpdaled: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R5 For additional comments, see Laboratory Notebook B000025

Sample Data : —^

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Samplinc Ratio

5 6/18/98 11:03 0.0 4a-r5-t0-5 384.79 C. Basalt 100.0 7.11 7.11 384.79 3.8

5 6/18/98 11:36 0.5 4a-r5-t30m-5 384.79 C. Basalt 100 7.05 14.16 390.18 3.9

5 6/18/98 13:03 2.0 4a-r5-l1.5h-5 384.79 C. Basalt 100 7.12 21.28 383.13 3.8

5 6/18/98 14:15 3.2 4a-r5-t3h-5 384.79 C. Basalt 100 7.1 28.38 376.01 3.8

5 6/18/98 16:08 5.1 4a-r5-t5h-5a 384.79 C. Basalt 100 14.15 42.53 368.91 3.7

5 6/19/98 8:32 21.5 4a-r5-l20h-5 384.79 C. Basalt 100 7.1 49.63 354.76 3.5

5 6/19/98 11:03 24.0 4a-r5-t24h-5 384.79 C. Basalt 100 6.9 56.53 347.66 3.5

6 6/18/98 11:04 0.0 4a-r5-l0-6 406.26 C. Basalt 100.1 7.12 7.12 406.26 4.1

6 6/18/98 11:37 0.6 4a-r5-l30m-6 406.26 C. Basalt 100.07 6.89 14.01 411.64 4.1

6 6/18/98 13:03 2.0 4a-r5-t1.5h-6 406.26 C. Basalt 100.07 6.84 20.85 404.75 4.0

6 6/18/98 14:15 3.2 4a-r5-t3h-6 406.26 C. Basalt 100.07 7.01 27.86 397.91 4.0

6

6

6/18/98 16:09 5.1 4a-r5-t5h-6 406.26 C. Basalt 100.07 6.71 34.57 390.9 3.9

6/19/98 8:33 21.5 4a-r5-t20h-6a 406.26 C. Basalt 100.07 13.68 48.25 384.19 3.8

6 6/19/98 11:04 24.0 4a-r5-t24h-6 406.26 C. Basalt 100.07 6.73 54.98 370.51 3.7

100.07

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. |4a-R5 For additional comments, sec Laboratory Notebook B0OOO25
Mn04- Calb. Slope: 0 022 STOCK SOLN ABS 0.511 DF: 1667 Cone (ppm): 38160

Calibration Date: 6/10/98

Cum

pHDataiiffl^IMli);.™..:..: . < - ,

Reactor

Volume Initial Final Final Final mg Mn04 Cum. mg Mn04-
Stock Mr Mn04- Mn04- Spec Mn04- Consumec mg MnO<l mg MnO<l in Aliquot pH

No. Added (m (mg/L) ABS DF (mg/L) in Interval Consumec per gram

5 0 0.0 0.002 1 1222.5 0.0 0.0 0.0 0.0 8.15

5 12.5 1222.5 0.547 50 1225.5 -1.1 -I.I 0.0 8.6 8.11

5
5
5

12.5 1225.5 0.540 50 1209.8 6.0 4.9 0.0 8.6 8.1

12.5

12.5

1209.8 0.546 50 1223.2 -5.1 -0.2 0.0 8.7 8.1

1223.2 0.545 50 1221.0 0.8 0.6 0.0

0.1

17.3 8.1

5 _
5

12.5

12.5

1221.0 0.539 50 1207.5 4.8 5.4 8.6 8.24

1207.5 0.536 50 1200.8 2.3 7.7 0.1 8.3 8.25

6 0 0.0 0.002 1 1158.8 0.0 0.0 0.0 0.0 8.14

6

6

6_

6

6

6

12.5

12.5

I2~5
1~__[2'S

12.5

1158.8 0.531 50 1189.6 -12.7 -12.7 -0.1 8.2 8.09

1189.6 0.522 50 1169.4

1169.4

8.2 -4.5 0.0 8.0 8.07

1169.4 0.522 50 0.0 -4.5 0.0 8.2 8.07

1169.4 0.522 50 1169.4 0.0 -4.5 0.0 7.8 8.07

1169.4 0.528

0.522

50 1182.9 -5.2 -9.7 -0.1 16.2 8.14

12.5 1182.9 50 1169.4 5.0 -4.7 0.0 7.9 8.15

Prepared by: S.R. Cline LaslUpdated: 10/23/98
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Laboratory Evaluation of InSituChemical Oxidation asaTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R5 Foradditional comments, seeLaboratory Notebook B000025

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. %ofInit A % of Total Cum % mgTCE
Reactor

No7'~
GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquol

(ppb) (mL) (mL) (Ppb) in Interval Oxidized In Interval In Interval Oxidized
5 770 1,267 2.96 2.98 1,259 una 0.000 0.0 0.0% 0.0% 0 0% 0 01
5 777 0 2.92 3.06 1 ND, BUT ENTERED AS 1 PPB fOR 0.491 0.5 101.3% 98.3% 98.3% 0.00
5 784 0 2.91 2.92 1 0.000 0.5 0.0% 0.0% 98.3% 0.00
5 791 16 2.89 2.91 16 0.01 -0.006 0.5 -1.2% -1.1% 97.2% 0.00
5 797 0 2.40 3.00 1 0.00 0.005 0.5 1.1% 1.1% 98.3% 0.00

0.00
5 804 0 2.87 2.93 1 0.00 0.000 0.5 0.0% 0.0% 98.3%
5 812 0 2.85 3.19 1 0.00 0.000 0.5 0.0% 0.0% 98.3% 0.00

6 771 1,554 2.92 3.45 1,317 1.00 0.000 0.0 0.0% 0.0% 0.0% 0.01
6 778 13 2.95 2.87 13 0.01 0.537 0.5 100.3% 101.8% 101.8% 0.00
6 785 16 2.91 3.06 16 0.01 -0.001 0.5 -0.2% -0.2% 101.6%

101.6%

101.1%

0.00
6 792 16 2.88 2.94 16 0.01 0.000 0.5 0.0% 0.0% 0.00
6 799 17 2.88 2.20 22 0.02 -0.003 0.5 -0.5% -0.5% 0.00
6 805 18 2.85 3.11 16 0.01 0.002 0.5 0.4% 0.4% 101.6% 0.00
6 813 17 2.85 3.20 15 0.01 0.000 0.5 0.1% 0.1% 101.7% 0.00

I

Prepared by: S.R. Cline
LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation asaTechnology forGroundwater Remediation at the 1NF.EL TANSite

1 1 For additional comn.cr.ls. sec Laboratory t

[ MitfM- CilrV Slttpf: noil STOCK SOLNABS ASH OF: IKsT Cmcrjvil WI«1

1 C-JirMJtkmlr.tctVliWH

Volume Solid voMrrt) Cum Actual Actual Volume .miiil Final Final Final ORNL EiU_1 nil lletane AlJUC-HJ Aqucout Hag •5_D.II AVG STDEV

Realtor

Niv'
Sample GVVUscd Media Mass aqueous Aliquot Vol at L/S Stock Mr Mn04. Mn04- Spec Mn04- PH CC» Cone Volume Volume Cotv (PPb)

1328 92

(Pf*)

14.70

lime

DuplicateVOC
(his)

00

Nunc

4ar5-KMb

(i»L>

SWSSP
495.18 GWOnly

(grams) aliquot

wmBm
0 7.21

Vot(mL)

NA

Sampfnf

l__S
NA

Raiio

NA

AiUaJtm

BBSS?
0

(mg/L)

NA

AD.S

0.003

DF

1

0.1£/_)

NA e.M 766

in*)

1.395
3_W?m7:

irnL)

3.00

(mL) (n*)

3.12 1.339 -1.6%

2

V
i

s

r>

_____

06 4a-r5-t30nv__ 502.82 GWOnly 0 1M NA NA NA 0 NA 0.003 1 NA 0.15 774 1.296 2.95 2.89 1.324 •0.4%

2211.'

(191.
&\&W 13:02 405.¥3 C. Basalt 100

100.02

7.06
-£67

NA NA NA 1.25 NA 0.456 5 102.2 0.1 782 23 2.79 2.93 22

13420.04 C. Basalt NA NA NA 125 NA 0.438 5 9ft. 1 909 790 t4 2.89 3.13 9.8%

5.1 4ar515h5b .11(479 C. Basil 100 7.0S NA NA NA 12.5 NA 0533 50 11941 8.1 798 12 2.87 2.98 12 •1069.9%

0.72
40tVW C. Basalt 10007

100 02

6.87
(..St.

NA

NA~
NA

NA

NA 12.5 NA 0.522 50 II MM a 13 606 19 2.87 3.19 17

4a-i5-i24h-4b 420.04 C. Basal NA 1.25 NA 0.40V 5 91.ft ft 22 811 19 2.M .1.215 17 13.4%

Erlrtrt-inb/lh .Rental liag1-Mcioflj ht*nti-77t riS-f^T T^W- Simm w<® $•$$?• isfsSSs %m ^S^s5 mm w^k^^z^itti^whw. ?^^W:t-''' -:-^r,-r

loo1
________

" $ "
"ft"'

405.93 C. Basalt NA NA NA NA NA NT 826 17 400.88 412.99 6.6E-03

4a 15-14 420.04 C. Basalt 10002 NA NA NA NA NA NT 827 0 402.21 423.29 O.OE+00
•"

24 5 4a-(5-l5 384.79 C. Basalt

C. Basalt

im NA NA NA NA NA NT 628 0 401.89 357.59 O.OE+00

._6/19/96 11:33 245 406.26 100.07 NA NA NA NA NA NT 629 21 403.15 429.20 8.SE-03

uvw$m SI^^S %W8
Charcoal

mm
NA

3MI
NA NA NT 814 0

Mass Mass

O.OE+00
mm KfeW wt&.mm

NA NA NA

2

2

_ __

2.85 0.06

4a-i5<|ar-lb Charcoal NA NA NA NA NA NA NT 815 14 2.85 0.04

IVI9/9* 11:47 Charcoal

Charcoal

NA NA NA NA NA NA NT MA 13 2.82 008 3.8E-OS

NA NA NA NA NA NA NT 817 0 2.87 0.03 O.OE+00

.

4a-r5-char-3a Chaicoal NA NA NA NA NA NA NT 818 14 2.85 0.05
. ..

Charcoal NA NA NA NA NA NA NT 819 0 2.87 0.03 O.OE+00

._.

4 " -

5

~ "6.69
6/19/98 11:40 4a-r5-char-4a Charcoal NA NA NA NA NA NA NT 820 14 1.97

.. ..

._._

4a-.5-c-W.f-4b
._

Charcoal NA NA NA NA NA NA NT 821 0

--"—

NA4a-r5-char-__ Charcoal NA NA NA NA NA NT 822 2 85 llosMKOKen

NA NA NA NA NA NA NT 823 NO SAMPLE 342 lostwoker>

ft

ft

Grl»>98 11:36 NA

N A

NA NA NA NA NA NT 824 13
-- •

"—- ~
NA NA NA NA NA NT 825 0 2.87 0 04

1 1

•

——-

Flask

InttlilMnlM- inil Load Consume*)

nip/niL

mi «*t<I4hi_

nip/d.L nr AVG

0000 NA NA NA

2

.f
_____

5

I.

11II 0 00(1 NA NA NA

47 7 11.14 002

0 02 0.02

477 0 0 97 X.47 0.02

477 fl 0.93 -4 19 -001 000 L _

Prepared hy: S R Cllne
LtMl'rxJitfd: ll/WR
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Experiment: 4a-R6
Solid Media

A. Basalt

Initial TCE (ppb)
1000

Experiment Start Date:

Co-Contaminant?

NO

For additional comments, see Laboratory Notebook B000025
MnOI- Cones. (%)
0.01 &0.1

8/17/98

Pages:

Comments:

See general procedure on pages 57-60 in the laboratoryNotebook.
Deviations from general procedure:
Spike solution only incubated at 12C lor 3 hours instead of overnite.
Leak inTedlar Bag, flasks5 and 6 only received 200 mL ofspike directly from the Tedlar, the remaing vol for each was recovered from the tray.

SPIKE SOLUTION PREPARATION

Volume GW in Tedlar

Volume Sat. TCE added

Predicted Spike Cone:

2.81 liters

2.8 mL

2.8 mg

998 ppb
(Assuming 1000 ppm Saturated Cone.)

GC Analysis of Spike Solution
ORNL

GC#

Sample

Name

Sample

Time

Extract

Cone.

(ppb)

Flag Hexane

Volume

(mL)

Aqueous

Volume

(mL)

Aqueous

Cone.

(ppb)
1727R 4a-r6-lba 8/18/98 13:44 2706 4.92 5.25 2535

1728R 4a-r6-tbb 8/18/98 13:45 2362 4.87 4.92 2337

Prepared by: S.R. Cline

106-109,114

LaslUpdalcd: 10/22/98



Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R6 For additional comments, see Laboratory Notebook B000025

Reactor

"No."'

Sample Data
RXN Volume Solids

Mass

vol (mL) Cum Actual Actual

Sample Time Sample GW Used Media aqueous Aliquot Vol at US

Time (hrs) Name (mL) Type (grains) aliquot Vol (mL)
15.0

Samplinc

510.2

Ratio

NA8/19/98 11:00 0.0 4a-r6-l0-1a 510.17 GW Only 0.0 14.95

8/19/98 11:30 0.5 4a-r6-t30min-1 510.17 GW Only 0.0 7.34 22.3 495.2 NA

8/19/98 12:36 1.6 4a-r6-t1.5h-1 510.17 GW Only 0.0 7.41 29.7 487.9 NA

8/19/98 14:05 3.1 4a-r6-l3h-1 510.17 GW Only 0.0 7.62 37.3 480.5 NA

8/19/98 16:04 5.1 4a-r6-t5h-1 510.17 GW Only 0.0 7.43 44.8 472.9 NA

8/20/98 8:10 21.2 4a-r6-t20h-1 510.17 GW Only 0.0 7.66 52.4 465.4 NA

8/20/98 11:00 24.0 4a-r6-t24h-1 510.17 GW Only 0.0 7.6 60.0 457.8 NA

872 472782

2

2

8/19/98 11:02 0.0 4a-r6-t0-2 . 472.81 GW Only 0.0 8.2 NA

8/19/98 11:31 0.5 4a-r6-t30min-2a 472.81 GW Only 0.0 14.38 22.6 464.6 NA

8/19/98 12:37 1.6 4a-r6-t1.5h-2 472.81 GW Only 0.0 7.33 29.9 450.2 NA

2

2

2

8/19/98 14:06 3.1 4a-r6-l3h-2 472.81 GW Only 0.0 7.48 37.4 442.9 NA

8/19/98 16:05 5.1 4a-r6-l5h-2 472.81 GW Only 0.0 7.26 44.7 435.4 NA

8/20/98 8:11 21.1 4a-r6-t20h-2 472.81 GW Only 0.0 7.34 52.0 428.2 NA

2 8/20/98 11:01 24.0 4a-r6-l24h-2 472.81 GW Only 0.0 7.35 59.3 420.8 NA

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

1_xp. |4a-R6 Foradditional comments, seeLaboratory Notebook B000025
vln04- Calb. Slope: 0.022 STOCK SOLN ABS 0.539 DF: 1667 Conc(ppm): 40250.8

ralibration Dale: 6/10/98
pH Data

Volume Initial Final Final -inal mg Mn04- Cum. Cum mg Mn04-

Slock Mr Mn04- Mn04- Spec Mn04- Consumed mg Mn04- mg Mn04- in Aliquot pH

No. Added (m (iiie/L) ABS DF (mg/L) in Interval Consumed per gram

0 0 0.004 1 NA NA NA NA NA 8.4

0 0 0.005 1 NA NA NA NA NA 8.37

0 0 0.006 1 NA NA NA NA NA 8.42

0 0 0.004 1 NA NA NA NA NA 8.38

0 0 0.006 1 NA NA NA NA NA 8.38

0 0 0.004 1 NA NA NA NA NA 8.28

0 0 0.009 1 NA NA NA NA NA 8.26

2 0 0 0.004 1 NA NA NA NA NA 8.41

2 0 0 0.004 1 NA NA NA NA NA 8.41

2 0 0 0.005 1 NA NA NA NA NA 8.41

2 0 0 0.004 1 NA NA NA NA NA 8.38

2 0 0 0.005 1 NA NA

NA

NA NA NA 8.38

2 0 0 0.005 1 NA NA NA NA 8.24

2 0 0 0.005 1 NA NA NA NA NA 8.24

J 1

Prepared by: S.R. Cline
LaslUpdatcd: 10/23/98
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Laboratory Evaluation of InSitu Chemical Oxidation asaTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R6 For additional comments, see Laboratory Notebook B000025

ORNL mgTCE Cum. % of Init A % of Total Cum % mgTCE
Extract Flag Hexane Aqueous Aqueous Flag Aq.

Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

1729R 2,779 2.86 3.23 2,459 NA NA NA NA NA NA 0.04

1736R 2,607 2.85 3.05 2,437 NA NA NA NA NA NA 0.02

! 1743R 2,709 2.86 3.18 2,441 NA NA NA NA NA NA 0.02

1750R 2,614 2.87 3.05 2,465 NA NA NA NA NA NA 0.02

1757R 2,574 2.91 3.08 2,431 NA NA NA NA NA NA 0.02

1764R 2,626 2.83 3.06 2,428 NA NA NA NA NA NA 0.02

1771R 2,590 2.85 3.03 2,436 NA NA NA NA NA NA 0.02

2 1731R 2,710 2.87 3.03 2,574 NA NA NA NA NA NA 0.02

2 1737R 2,756 2.86 3.18 2,473 NA NA NA NA NA NA 0.04

2 1744R 2,771 2.85 3.21 2,468 NA NA NA NA NA NA 0.02

0.02

0.02
2 1751R 2,649 2.83 3.11 2,416 NA NA NA NA NA NA

2 1758R 2,782 2.87 3.28 2,432 NA NA NA NA NA NA

2 1765R 2,643 2.87 3.06 2,476 NA NA NA NA NA NA 0.02

2 1772R 2,817 2.86 3.24 2,488 NA NA NA NA NA NA 0.02

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R6 For additional comments,see LaboratoryNotebookB000025

RXN Volume Solid vol (mL) Cum Actual Actual
Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

3 8/19/98 11:03 0.0 4a-r6-t0-3 388.15 A. Basalt 100.1 8.37 8.4 388.2 3.9

3 8/19/98 11:33 0.5 4a-r6-t30min-3 388.15 A. Basalt 100.1 6.88 15.3 381.0 3.8

3 8/19/98 12:38 1.6 4a-r6-t1.5h-3a 388.15 A. Basalt 100.1 13.94 29.2 374.2 3.7

3 8/19/98 14:07 3.1 4a-r6-t3h-3 388.15 A. Basalt 100.1 6.98 36.2 360.2 3.6

3 8/19/98 16:06 5.0 4a-r6-t5h-3 388.15 A. Basalt 100.1 7.22 43.4 353.2 3.5

3 8/20/98 8:12 21.1 4a-r6-l20h-3 388.15 A. Basalt 100.1 7.1 50.5 346.0 3.5

3 8/20/98 11:02 24.0 4a-r6-t24h-3a 388.15 A. Basalt 100.1 14.32 64.8 338.9 3.4

4 8/19/98 11:04 0.0 4a-r6-t0-4 406.41 A. Basalt 100.3 7.32 7.3 406.4 4.1

4 8/19/98 11:34 0.5 4a-i6-t30min-4 406.41 A. Basalt 100.3 7 14.3 400.3 4.0

4 8/19/98 12:40 1.6 4a-r6-t1.5h-4 406.41 A. Basalt 100.3 7.4 21.7 393.3 3.9

4 8/19/98 14:08 3.1 4a-r6-t3h-4a 406.41 A. Basalt 100.3 14.27 36.0 385.9 3.8

4 8/19/98 16:07 5.1 4a-r6-t5h-4 406.41 A. Basalt 100.3 7.19 43.2 371.7 3.7

4 8/20/98 8:13 21.2 4a-r6-l20h-4 406.41 A. Basalt 100.3 7.32 50.5 364.5 3.6
4 8/20/98 11:04 24.0 4a-r6-t24h-4 406.41 A. Basalt 100.3 7.26 57.8 357.2 3.6

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. |4a-R6 For additional commenls. sec LaboratoryNotebook B000025

Mn04- Calb. Slope: 0.022 STOCK SOLN ABS 0.539 DF: 1667 Cone (ppm): 40250.8

Calibration Date: 6/10/98
pH DataivKoWfiatS^

Volume Initial Final Final Final mg Mn04- Cum. Cum mg Mn04-

Reaclor

No7

3

3

Stock Mr

Added(m

Mn04- Mn04- Spec Mn04- Consumcd mg Mn04- mg Mn04- in Aliquot pH

(mg/L) ABS DF (mg/L) in Interval Consumed per grain

0

1.25

0.0 _0..009

0.508

1 132.0 0.0 0.0 0.0 0.0 8.38

132.0 5 113.8 6.9 6.9 0.1 0.8 8.27

3 1.25 113.8 0.472 5 105.7 3.0 10.0 0.1 1.5 8.25

3 1.25 105.7 0.495 5 110.9 -1.9 8.1

8.2

0.1 0.8 8.24

3

3

3

1.25 110.9 0.494 5 110.7 0.1 0.1 0.8 8.24

1.25

1.25

110.7

107.5

0.480

0.483

5 107.5 I.I 9.3 0.1 0.8 8.19

5 108.2 -0.2 9.0 0.1 1.5 8.22

4

4

4

0.00

1.25

0.003 1 125.7 0.0 0.0 0.0 0.0 8.37

125.7 0.494 5

5

110.7

108.2

6.0 6.0 0.1 0.8 8.27

1.25 110.7 0.483 1.0 7.0 0.1 0.8 8.22

4 1.25 108.2 0.491 5 110.0 -0.7 6.3 0.1 1.6 8.23

4 1.25 110.0 0.487 5 109.1 0.3 6.6 0.1 0.8 8.23

4 1.25 109.1 0.476 5 106.6 0.9 7.5 0.1 0.8 8.18

4 1.25 106.6 0.552 5 123.7 -6.1 1.4 0.0 0.9 8.21

Preparedby: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

4a-R6 For additional commenls, see Laboratory Notebook B000025

ORNL Flag Aqueous Flag Aq. mg TCE Cum. %ofInit A % of Total Cum % mgTCE
—

Hexane Aqueous

GC# Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

i 1732R 2,578 2.86 3.20 2.304 1.00 0.000 0.0 0.0% 0.0% 0.0% 0.02

3 1739 267 2.83 3.11 243 0.11 0.785 0.8 87.8% 80.4% 80.4% 0.00

3 1745 57 2.93 3.15 53 0.02 0.071 0.9 7.9% 7.3% 87.7% 0.00

3 1752 17 2.82 2.99 16 0.01 0.013 0.9 1.5% 1.4% 89.0% 0.00

3 1759 10 2.86 3.33 8 0.00 0.003 0.9 0.3% 0.3% 89.3% 0.00

3 1766

1773

7 2.83 2.97 6 0.00 0.001 0.9 0.1% 0.1% 89.4% 0.00

3 21 2.88 3.08 20 0.01 -0.005 0.9 -0.5% -0.5% 88.9% 0.00

4 1733R 2,493 2.91 3.12 2,324 1.00 0.000 0.0 0.0% 0.0% 0.0% 0.02

4 1740 272 2.84 3.04 253 0.11 0.829 0.8 87.8% 81.1% 81.1% 0.00

4 1747 54 2.85 3.10 50 0.02 0.080 0.9

0 9

8.5%

1 8%

7.8%

1 7%

88.9%

90.6%

0.00

0.00
4

4

1753

1760

6

0

U 2.82

2.87

3.02

3.09 1
Staven Robert Clln«:
NO,BUTENTERED AS1 PPBFOR .002 0.9 0.2% 0.2% 90.7% 0.00

4 1767 0 2.87 3.21 1 ]llYit™T.,.U d.000 0.9 0.0% 0.0% 90.7% 0.00

4 1775 0 2.85 3.08 1 0.00 0.000 0.9 0.0% 0.0% 90.7% 0.00

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL

Prepared by: S.R. Cline

TAN Site
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. |4a-R6 For additional comments, sec LaboratoryNotebook B000025

Mn04- Calb. Slope: 0.022 STOCK SOLN ABS 0.539 DF: 1667 Cone (ppm): 40250.8

Calibration Dale: 6/10/98
pHDatamm

Volume Initial Final Final Final mg Mn04- Cum. Cum mg Mn04-

Reactor Stock Mr Mn04- Mn04- Spec Mn04- Consumed mg Mn04- mg Mn04- in Aliquot pH

No. Added (in (mg/L) ABS DF (mg/L) in Interval Consuincd per gram

5 0 0.0 0.002 1 1190.0 0.0 0.0 0.0 0.0 8.35

5 12.5 1190.0 0.491 50 1100.0 38.1 38.1 0.4 7.9 8.39

5 12.5 1100.0 0.480 50 1075.4 10.2 48.3 0.5 8.0 8.37

5 12.5 1075.4 0.492 50 1102.2 -11.0 37.3 0.4 8.3 8.36

5 12.5 1102.2 0.490 50 1097.8 1.8 39.1 0.4 16.2 8.36

5 12.5 1097.8 0.497 50 1113.4 -6.1 33.1 0.3 8.2 8.29

5 12.5 1113.4 0.507 50 1135.8 -8.5 24.6 0.2 8.2 8.3

6 0 0.0 0.001 1 1298.3 0.0 0.0 0.0 0.0 8.34

6 12.5 1298.3 0.579 50 1297.1 0.4 0.4 0.0 9.3 8.39

6 12.5 1297.1 0.555 50 1243.4 20.5 20.9 0.2 9.3 8.37

6 12.5 1243.4 0.554 50 1241.1 0.8 21.7 0.2 9.0 8.35

6 12.5 1241.1 0.565 50 1265.8 -9.0 12.7 0.1 9.1 8.36

6 12.5 1265.8 0.571 50 1279.2 -4.8 7.9 0.1 18.5 8.29

6 12.5 1279.2 0.564 50 1263,5 5.4 13.3 0.1 9.2 8.3

Prepared by: S.R. Cline
LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation asa Technology forGroundwaterRemediation at the INEEL TAN Site

Exp. 4a-R6 For additional comments, sec Laboratory Notebook B000025

% of Total Cum% mg TCEORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. % of Init A
Reactor

No7_

5

GCff Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE

Oxidized

0.0%.

in Aliquol

0.00

0.00

0.00

0.00

(PPb) , (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval

1734 718 2.90 3.22 647 1.00 0.000 0.0 0.0% 0.0%
5 1741 5

0

6

U 2.86 3.16 5U a r\4 n
.271 0.3 100.6% 25.8% 25.8%

5

T
...

1748

"1755
2.87 3.05 1 ND, BUT ENTERED AS 1 PPB FOR .001 0.3 0.5% 0.1% 26.0%
2.87 3.06 1 .000 0.3 0.0% 0.0% 26.0%

1761 0 2.82 3.37 1 0.00 0.000 0.3 0.0% 0.0% 26.0% 0.00
5 1768 0 2.87 3.16 1 0.00 0.000 0.3 0.0% 0.0% 26.0% 0.00
5 1776 0 2.82 3.13 1 0.00 0.000 0.3 0.0% 0.0% 26.0% 0.00

6~~~ 1735 666 2.84 3.03 624 1.00 0.000 0.0 0.0% 0.0% 0.0% 0.00
6 1742 0 2.86 3.11 1 0.00 0.241 0.2 101.3% 25.1% 25.1 % 0.00
6

6

6

6

6

1749 0 2.88 3.05 1 0.00 0.000 0.2 0.0% 0.0% 25.1% 0.00

0.00

0.00

0.00

1756 0 2.87 3.25 1 0.00 0.000 0.2 0.0% 0.0% 25.1%
1763 0 2.84 3.14 1 0.00 0.000 0.2 0.0% 0.0% 25.1%

25.1%

25.1 %

1769 0 2.88 3.16 1 0.00 0.000 0.2 0.0% 0.0%
1777 0 2.84 3.23 1 0.00 0.000 0.2 0.0% 0.0% 0.00

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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LaboratoryEvaluation of In Situ Chemical Oxidation asa Technology forGroundwater Remediation at the INEEL TAN Site

Experiment: 4a-R7 For additional comments, see Laboratory Notebook B000025

Solid Media

Scd(lst)
Initial TCE (ppb)

100

Co-Contaminant?

NO

Mn04- Cones. (%)
0.01 &0.1

Experiment Start Date: 7/7/98

Comments:

See general procedure on pages 57-60 in the laboratory Notebook.
Deviations from general procedure:
Also extracted un-used orbo charcoal tubes to determine if Peak at 5.03 minutes is related to TCE spiking

SPIKE SOLUTION PREPARATION

Volume GW in Tedlar

Volume Sat. TCE added

Predicted Spike Cone:

2.62 liters

0.3 mL

0.3 mg

114 ppb
(Assuming 1000 ppm Saturated Cone.)

GC Analysis of Spike Solution
ORNL

GC#

Sample

Name

Sample

Time

Extract

Cone.

(ppb)

Flag Hexane

Volume

(mL)

Aqueous
Volume

(mL)

Aqueous
Cone.

(ppb)
1029 4a-r7-tb-a 7/8/98 15:50 293 4.96 5.23 278

1030 4a-r7-tb-b 7/8/98 15:50 285 5.02 5.31 270

Prepared by: S.R. Cline

Pages: 87-90

LastUpdated: 10/22/98
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Laboratory Evaluation of InSitu Chemical Oxidation asaTechnology for Groundwater Remediation at the INEEL TANSite

Exp. 4a-R7 For additional comments, see Laboratory Notebook B000025

Sample Data
RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S
No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

1 7/9/98 11:37 0.0 4a-r7-t0-1a 489.295 GW Only 0.0 13.68 13.68 489.3 NA
1 7/9/98 12:30 0.9 4a-r7-t30min-1 489.295 GW Only 0 6.98 20.66 475.6 NA
1 7/9/98 13:32 1.9 4a-r7-l1.5h-1 489.295 GW Only 0 6.91 27.57 468.6 NA
1 7/9/98 14:59 3.4 4a-r7-t3h-1 489.295 GW Only 0 6.93 34.5 461.7 NA
1 7/9/98 16:55 5.3 4a-r7-t5h-1 489.295 GW Only 0 6.82 41.32 454.8 NA
1 7/10/98 8:35 21.0 4a-r7-t20h-1 489.295 GW Only 0 7.31 48.63 448.0 NA
1 7/10/98 12:06 24.5 4a-r7-t24h-l 489.295 GW Only 0 7.32 55.95 440.7 NA

2 7/9/98 11:38 0.0 4a-r7-IO-2 478.168 GW Only 0.0 7.08 7.08 478.2 NA
2 7/9/98 12:31 0.9 4a-r7-t30min-2a 478.168 GW Only 0 14.74 21.82 471.1 NA

2 7/9/98 13:33 1.9 4a-r7-l1.5h-2 478.168 GW Only 0 7.37 29.19 456.3 NA
2 7/9/98 15:00 3.4 4a-r7-t3h-2 478.168 GW Only 0 7.01 36.2 449.0 NA
2 7/9/98 16:56 5.3 4a-r7-t5h-2 478.168 GW Only 0 7.11 43.31 442.0 NA
2 7/10/98 8:36 21.0 4a-r7-t20h-2 478.168 GW Only 0 7.34 50.65 434.9 NA
2 7/10/98 12:07 24.5 4a-r7-t24h-2 478.168 GW Only 0 7.5 58.15 427.5 NA

Prepared by: S.R. Cline
LaslUpdaled: 10/23/98
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Laboratory Evaluationof In Situ ChemicalOxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. |4a-R7 For additional commenls, see Laboratory Notebook B000025
Mn04- Calb. Slope: 0.022 STOCK SOLN ABS 0.54 DF: 1667 Cone (ppm): 40325.47

Calibration Date: 6/10/98

pHDataffflWIM
Volume Initial Final Final Final mg Mn04 Cum. Cum mg Mn04-

Reactor Stock Mn Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg MnOA in Aliquot pH
No. Added (m (mg/L) ABS DF (mg/L) in Interval Consumec per gram

0 0 0.002 1 NA NA NA NA NA 8.07

0 0 0.002 I NA NA NA NA NA 8.1

0 0 0.004 1 NA NA NA NA NA 8.1

0 0 0.005 1 NA NA NA NA NA 8.1

0 0 0.004 1 NA NA NA NA NA 8.1

0 0 0.004 1 NA NA NA NA NA 8.13

0 0 0.004 1 NA NA NA NA NA 8.12

2 0 0 0.002 1 NA NA NA NA NA 8.1

2 0 0 0.003 1 NA NA NA NA NA 8.13

2 0 0 0.001 1 NA NA NA NA NA 8.12
2 0 0 0.002 1 NA NA NA NA NA 8.13

2 0 0 0.002 1 NA NA NA NA NA 8.12

2 0 0 0.004 1 NA NA NA NA NA 8.12
2 0 0 0.003 1 NA NA NA NA NA 8.14

,

Prepared by: S.R. Cline LaslUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R7 For additional comments, see Laboratory Notebook B000025

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. %ofInitA % of Total Cum % mg TCE
Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquol

No. (ppb) (mL) (mL) (PPb) in Interval Oxidized In Interval In Interval Oxidized

1031 269 2.91 3.11 252 NA NA NA NA NA NA 0.00

! 1038

1045

284

264

2.95 3.54 236 NA NA NA NA NA NA 0.00

0.002.97 3.29 238 NA NA NA NA NA NA

1052 259 2.95 3.25 236 NA NA NA NA NA NA 0.00

1059 270 2.92 3.31 238 NA NA NA NA NA NA 0.00

1066 261 2.93 3.21 238 NA NA NA NA NA NA 0.00

1073 266 2.95 3.39 232 NA NA NA NA NA NA 0.00

2 1032 289 2.93 3.32 255 NA NA NA NA NA NA 0.00

2 1039 281 2.95 3.34 249 NA NA NA NA NA NA 0.00

2 1046 270 2.97 3.23 248 NA NA NA NA NA NA 0.00

2 1053 278 2.94 3.34 244 NA NA NA NA NA NA 0.00

2 1060 273 2.93 3.31 242 NA NA NA NA NA NA 0.00

2 1067 275 2.93 3.28 245 NA NA NA NA NA NA 0.00

2 1074 257 2.93 3.10 244 NA NA NA NA NA NA 0.00

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the

Exp. 4a-R7 For additional comments, see Laboratory Notebook B000025

Prepared by: S.R. Cline

INEEL TAN Site
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. |4a-R7 For additional comments, see Laboratory Notebook B000025
Mn04- Calb. Slope: 0.022 STOCK SOLN ABS 0.54 DF: 1667 Conc(ppm): 40325.47

Calibration Dale: 6/10/98

pH Data

Volume Initial Final Final Final mg Mn04 Cum. Cum mg Mn04-
Reactor Slock Mn Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot pH

No. Added (m (mg/L) ABS DF (mg/L) in Interval Consumec per gram

3 0 0.0 0.001 1 122.9 0.0 0.0 0.0 0.0 7.89

3 1.25 122.9 0.48 5 107.5 6.3 6.3 0.1 0.7 7.91

3 1.25 107.5 0.451 5 101.0 2.6 8.9 0.1 1.4 7.94

3 1.25 101.0 0.468 5 104.8 -1.5 7.4 0.1 0.7 7.88

3
....

1.25

1.25

104.8 0.429 5 96.1 3.3 10.8 0.1 0.7 7.95

96.1 0.433 5 97.0 -0.3 10.5 0.1 0.7 7.98

3 1.25 97.0 0.44 5 98.6 -0.6 9.9 0.1 0.5 7.9

4 0 0.0 0.003 1 131.1 0.0 0.0 0.0 0.0 7.9

4 1.25 131.1 0.529 5 118.5

""" 118.7
4.8 4.8 0.1 0.8 7.89

4 1.25 118.5 0.53 5

5

-0.1 4.8 0.0 0.8 7.86

4 1.25 118.7 0.51 114.3 1.7 6.4 0.1 1.5 7.88

7.924

4

1.25 114.3 0.503 5 112.7 0.6 7.0 0.1 0.8

1.25 112.7 0.471 5 105.5 2.5 9.5 0.1 0.7 7.99

4 1.25 105.5 0.524 5 117.4 -4.1 5.4 0.1 0.8 7.97

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation atthe INEEL TAN Site

Exp. 4a-R7 For additional commenls, see Laboratory Notebook B000025

ORNL Exlracl Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. % of Init A % of Total Cum% mgTCE

Reaclor

No.

3

GC # Cone. Volume Volume

(mL)

Cone. C/Co Oxidized mg TCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

(ppb) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

1033 255 2.99 3.22 237 1.00 0.000 0.0 0.0% 0.0% 0.0% 0.00

3

3

1041

1047

28 2.96 3.32 25 0.10 0.087 0.1 88.4% 82.6% 82.6% 0.00

l_~ 6 U 2.97 3.43 5 tt ' n r»- r\ .008 0.1 8.2% 7.6% 90.2% 0.00

3 1054 0 2.94 3.21 1 ND, BUT ENTERED AS 1 PPBFOR .002 0.1 1.6% 1.4% 91.6% 0.00

0.00
3

3~~
1061

1068

0

"0
2.93 3.38

" 2.98

1 ln "Tnur; inrisnuEipuj , .000 0.1 0.0% 0.0% 91.6%
'

2.95 1 0.00 0.000 0.1 0.0% 0.0% 91.6% 0.00

3 1075 0 2.93 2.87 1 0.00 0.000 0.1 0.0% 0.0% 91.6% 0.00

4 1034 241 2.98 3.09 233 1.00 0.000 0.0 0.0% 0.0% 0.0% 0.00

4

4

1042

1049

19 2.97 3.22 18 0.08 0.083 0.1 91.0% 83.7% 83.7% 0.00

5 U 2.93 3.37 4 U 0.02 0.005 0.1 5.7% 5.2% 88.9% 0.00

4 1055 0 2.95 3.47 1 0.00 0.001 0.1 1.4% 1.3% 90.1% 0.00

4 1062 0 2.94 3.23 1 0.00 0.000 0.1 0.0% 0.0% 90.1% 0.00

4 1069 0 2.94 3.08 1 0.00 0.000 0.1 0.0% 0.0% 90.1 % 0.00

0.00
4 1076 0 2.92 2.96 1 0.00 0.000 0.1 0.0% 0.0% 90.1%

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R7 For additional comments, see Laboratory Notebook BOO0025

Reactor

RXN Volume Solid vol (mL) Cum Actual Actual

Sample Time Sample GW Used Media Mass aqueous Aliquol Volal L/S

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

5 7/9/98 11:41 0.0 4a-r7-t0-5 405.574 Sed(1st) 97.0 6.49 6.49 405.6 4.2

5 7/9/98 12:34 0.9 4a-r7-t30min-5 405.574 Sed(1sl) 97.023 6.78 13.27 411.6 4.2

5 7/9/98 13:37 1.9 4a-r7-t1.5h-5 405.574 Sed(1st) 97.023 6.78 20.05 404.8 4.2

5 7/9/98 15:04 3.4 4a-r7-t3h-5 405.574 Sed(1sl) 97.023 6.75 26.8 398.0 4.1

5 7/9/98 16:58 5.3 4a-r7-t5h-5a 405.574 Sed(1st) 97.023 13.52 40.32 391.3 4.0

5 7/10/98 8:39 21.0 4a-r7-t20h-5 405.574 Sed(lst) 97.023 6.61 46.93 377.8 3.9

5 7/10/98 12:10 24.5 4a-r7-t24h-5a 405.574 Sed(1sl) 97.023 13.75 60.68 371.1 3.8

6 7/9/98 11:42 0.0 4a-r7-t0-6 367.946 Sed(1st)
Sed(1s.)"

91.6 6.5 6.5 367.9 4.0

6 7/9/98 12:35 0.9 4a-r7-t30min-6 367.946 91.59 6.65 13.15 373.9 4.1

6 7/9/98 13:38 1.9 4a-r7-t1.5h-6 367.946 Sed(1st) 91.59 6.95 20.1 367.3 4.0

6 7/9/98 15:05 3.4 4a-r7-t3h-6 367.946 Sed(1st) 91.59 6.74 26.84 360.3 3.9

6 7/9/98 17:00 5.3 4a-r7-t5h-6 367.946 Sed(1st) 91.59 6.91 33.75 353.6 3.9

6 7/10/98 8:39 21.0 4a-r7-t20h-6a 367.946 Sed(1st) 91.59 13.92 47.67 346.7 3.8

6 7/10/98 12:12 24.5 4a-r7-t24h-6 367.946 Sed (1st) 91.59 6.77 54.44 332.8 3.6

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidationas a Technology forGroundwaterRemediationat the INEEL TAN Site

Exp. |4a-R7 For additional comments,sec LaboratoryNotebookB000025
Mn04- Calb. Slope: 0.022 STOCK SOLN ABS 0.54 DF: 1667 Cone (ppm): 40325.47

Calibralion Date: 6/10/9 8

pH Data

Reactor

Volume

Slock Mn

Initial

Mn04-~
Final Final

Spec
Final

Mn04-~
mg Mn04
Consumec

Cum. Cum mg Mn04-
Mn04- mg Mn04 mg Mn04 in Aliquot pH

No. Added (m (mg/L) ABS DF (mg/L) in Interval Consumec per gram
5 0 0.0 0.004 1 1224.7 0.0 0.0 0.0 0.0 7.91
5 12.5 1224.7 0.529 50 1185.1 16.3 16.3 0.2 8.0 7.79
5 12.5

12.5

1185.1 0.512 50 1147.0 15.4 31.7 0.3 7.8 7.72

__5
~ 5 "~

1147.0 0.517 50 1158.2 -4.5 27.2 0.3 7.8 7.72

12.5

12.5

1158.2 0.497 50 1113.4 17.5 44.8 0.5 15.1 7.74

5

~"~S~
1113.4 0.494 50 1106.7 2.5 47.3 0.5 7.3 7.78

12.5 1106.7 0.516 50 1156.0 -18.3 29.0 0.3 15.9 7.81

b
1275

6

6

6

6

0.0 0.002 1 1348.0 0.0 0.0 0.0 0.0 7.91

1348.0 0.563 50 1261.3 32.4 32.4 0.4 8.4 7.78

12.5

12.5

1261.3 0.566 50 1268.0 -2.5 29.9 0.3 8.8 7.72

1268.0 0.572 50 1281.5 -4.8 25.1 0.3 8.6 7.72
6 12.5 1281.5 0.555 50 1243.4 13.5 38.6 0.4 8.6 7.74

6 12.5 1243.4 0.553 50 1238.9 1.6 40.1 0.4 17.2 7.78
6 12.5 1238.9 0.557 50 1247.9 -3.0 37.1 0.4 8.4 7.81

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

4a-R7

1035

1043

1050

li057
1063

J070
1077

1036

1044

1051

1058

1065

1071

1079

257

232

"_'o
___

0

Prepared by: S.R. Cline

For additional commenls,see Laboratory NotebookB00002S

2.95

2.95

2.95

2.93

2.94

2.95

2.92

J__
2.98

J .96

___?
_M1

2.95

2.94

3.21

3.35

3.39

3.44

3.09

3.29

3.16

3.36

3.61

3.15

3.51

3737
3.20

3.29

•MSteven Robert Cllne:
ND, BUTENTERED AS I PPBFOR
n.,™™* inn coif

J?0f>
1

1
1

1

0.00
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0.00

.000
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0.000
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0.000
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0.000
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology lor Groundwater Remediation al the INF.F.LTAN Site

l_»p. 4i-R7 Tor adiliiionil cnrwucnU. sec l„rwi..ni.ry Notch-MiltB0O0O23 1 1 Fur additional lomtucnl*, urc Uihiirulur)' t
MnCU-CHh. Skifw: 0.011 STOCK SOLN ADS 0_>4 UF: lf*J Cme iffCTi)' W15.4T 1

Rc...t.<t

No

_._

J

"i

___.

is ~

5

_ __

2

4 ~
5

ft

.......

1

" 1
2

i

1 C»lir*mofll)_l. fVICW*

RXN V.ihintt Solid vot(rr_) Cum Actual Ailual Volume llnitiil Rnil Pinal Final P ORNL _«tmi Fh| Itttlne Aqueiu AMo««. rug. \-t Din AVG STDtV

Sample
Time

TDuplUrawVOC
7/9/98 11:42

7/9/98 12 31

7W98 13:35

7/998 1503

Time Sample GWUsed Media Mass aqueous Aliquol Vol at US St.KkMrjMn04. Mn04- Spec MirfS- PH GC» On*. Vohjtn: V.AltTK nix-

in*) "
IJCAtfS

248

—

(Ppb)

249.71

24926

(M*l

2 76

087

"(MM
0.00

0 00

(hit) Now (mL) Type

0.1 4a-r7-U-1b 489.295 GWOtfy

(grann) aliquol Vol(ml)

0 6.71 NA

Sarrpfcn

NA

Ratio

NA

AMallmUtitf/U

6|na

ABS

6.003

DF

1

«•___•

NA

in*) (ni) <n»L)

3.46806 1037 288 2.98 1.6%

09

1.9

3.4

4a r7-O0rrin-2b 4n.\w GWOnly 0

97.107

7.50

6.71

NA NA NA o|na 0.00. 1 NA e.i: 1040 267 2.95 3 3. 250 •0 5%
4*-r7ll.5h3b 415.2.12 Sed(.sl)

Sed(lsl)
NA NA NA 1.25

125

NA 0.49 5 I09.K 7.86 104« C U 2.95 3 33 5 u -1.0% 4.94

4ai7-t3h-4b .1K9.72I 96.963 650 NA NA NA NA 0.516 5 115 6 7.87 1056 0 2.92 3.57

3 34

1 0.0% 1.00

7/9/98 16.59 5.3 4a-r7-15h-5b 405. S74 Sed(ljl) 97.023 6.66 NA NA NA I25JNA 0.519 50 1162.7 7.74: 1064 c 2.95 1 0.0% IOC

7/1W98 8:40 21.0 4a-r7-t20h-eb J67.946 Sed(lsl) 91.59 6.94 NA NA NA 12.5 NA 0553 50 IJ.Mt.9 7.7S 1072 0 2.96 3.23 1 0.0% 1.00

1.00

IIIKI

OIK)7/10/9.. 12:11 24.5 4a.r7-l24h.5h 405 574 Sed(fst) ¥7.02.1 685 NA NA NA 12.5 NA 0.514 50 0.0 7.81 (078 0 2.92 7.K4 1 0.0%

Ex-rWticHi or th >Rental JngtUiu&r'jt'miiUiJ ff-VTJZfi WfW BBSS mm mm '*«:%k<!3%8t JS*!1 mm (SftS***. sm^ty^Tfmw$% SiKS&^W
StcvMRobartCKn*:

O. PUT _.*!_ J3D U 1 ft« rtl

iorr»__iot.(0_7/10/98 12:40 250 4a-f7-f3 415 232 Sad (t si) V7.I07 NA NA NA NA NA NT 1092 0 400.33 416.54 O.OEtOO

O.OE+007/1 (V98 12:43

7/10/98 12:47

25.1 4a-i7l4 389.721 Sed(lsl) 9is9A_t NA NA NA NA NA NT 1093 0 399 55 394 01

25.1 4a-r7-l5 405574 Sed(lsl) V7.02.1 NA NA tk NA NA NT 1094 0 399 06 410 54 0.0E«00

7/10/98 12:50 25.1 4a-r7 16 367.946 Sed(tsl) 91.59 NA NA NA NA NA NT 1095 0 399.00 380.75 O.OE+00

Extraction of tti
7/HV98 12:25

eCfiiuvi
4a-i7-char la

'ttfTft
Charcoal NA

—^«»f >9,"$i '•?a.9-: ¥*-••
1A ' NA" NA NT " "ioeo 0 ' "' 2.93 6.10 O.OeVoq

—

NA NA

7/KV98 12:25 4a-r7-char lb Charcoal NA NA NA NA NA NA NT 1081 0 2.92 004 0.0E»00

••—

._.. ..„

7/10/911 I2:2fi 4ar7<har-2a Charcoal NA MA NA YA NA NA NT 10X2 0 2.92 0.10 O.OE+00
——

7/lflMI2:2fi 4a-r7-char-2b Chaicoal NA NA NA NA NA NA NT 1083 0 2.91 0.05 O.OE+00

..._

7/KV98 12:27 4a-r7-cha.-3a Cha-coal NA NA NA NA NA NA NT 1084 0 2.92 0.10 O.OE+00

3 7/10/yR 12:27 4a-r7-char-3b Charcoal NA NA NA 4A NA NA NT I0S5 0 2.94 005 O.OE+00

~4
_ _

:—
7/10.8 12:28 4a . 7-char-4a Charcoal NA NA NA NA NA NA NT 1086 0 295 0.10 O.OE+00

7/HI/9K I2:2X 4a-r7-char-4b Charcoal NA NA NA •M NA NA NT 1087 0 292 0.05 O.OE+00

5

5

ft "
(,

7/11 IAIN 12:29 4f.-r7-cr.af-5a Charcoal NA NA NA NA NA NA NT 1088 0 2.92 0.10 O.OE+00

7/10/98 12:29

~~ 7/10/98 12.30
7/IO/9H 12 M

4a-t7-char-5b Charcoal NA NA NA NA NA NA NT 1089 0 293 005 O.OE+00

4a (7-char-6a Charcoal NA NA NA NA NA NA NT 1090 0 293 008

0.04

O.OE+00

4a r7-char 6b Chaicoal NA NA NA NA NA NA NT 1091 0 2.93 O.OEtOO

—
— I

3JVK4.4NV.U

.159-14 4H95).

Clean chat-b

Clean char-a

Charcoal

Charcoal

NA

NA
—

NA NA NA NA *A NA 1096 0 2.93 005 O.OE+00

O.OE+00
...._

NA NA NA NA NA NA 1097 0 2.93 0.10

AddiliotuI Oxidant Informal ion

ll.wl;

i
2

InluHMnlU- (nil Load -'iVKUnKlJ Cimtumcil

"W> mf I*1-24 tv. np/f (mg/j.)
(Ml o.uon NA NA NA

ll.'l 0.000 NA NA NA

y 504 0.10 9 9* 0.02

4

5

6

5(1.4

5IW.1

504.1

0.10

_.,......

5.1*

"" 2K.H
~ "".17.44""

0(11

"006"
"o.ox

0.02

—

0.07

PicpircJ r>y:S.R. Clin* LmUrxlitnl 11/Vrft
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation atthe INEEL TAN Site

Experiment: 4a-R8 For additional comments, see Laboratory Notebook B000025 Pages: 110-113
Solid Media

Scd(2nd)
Initial TCE (ppb)

1000

Experiment Start Date:

Co-Contaminant?

NO

Mn04- Cones. (%)
0.01 &0.1

8/24/98

Commenls:

See general procedureon pages 57-60in the laboratory Notebook.
Deviations from general procedure:
This is a different "sediment fill material" than was used in Run 4a-r8

SPIKE SOLUTION PREPARATION

Volume GW in Tedlar

Volume Sat. TCE added

Predicted Spike Cone:

2.70 liters

2.7 mL

2.7 mg
1000 ppb

(Assuming 1000 ppm Saturated Cone.)

GC Analysis of Spike Solution
ORNL

GC#

Sample

Name

1794 4a-r8-tb-a

1795 4a-r8-tb-b

Prepared by: S.R. Cline

Sample

Time

8/24/98 16:20

8/24/98 16:20

Extract

Cone.

(ppb)
I912

1989

FUJT Hexane

Volume

(mL)

4.90

4.89

Aqueous
Volume

(mL)
5.08

5.01

Aqueous
Cone.

(ppb)
1843

1941

LaslUpdatcd: 10/22/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R8 For additional comments, see Laboratory Notebook B000025

Sample Data

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at US

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

—-!— 8/25/98 10:30 0.0 4a-r8-t0-1a 494.19 GW Only 0.0 14.53 14.53 494.2 NA

8/25/98 11:00 0.5 4a-t8-t30min-1 494.19 GW Only 0 7.22 21.75 479.7 NA

8/25/98 12:40 2.2 4a-r8-t1.5h-1 494.19 GW Only 0 7.27 29.02 472.4 NA

8/25/98 14:00 3.5 4a-r8-t3h-1 494.19 GW Only 0 7.4 36.42 465.2 NA

8/25/98 16:00 5.5 4a-r8-t5h-1 494.19 GW Only 0 7.41 43.83 457.8 NA

8/26/98 8:40 22.2 4a-r8-t20h-1 494.19 GW Only 0 7.31 51.14 450.4 NA

!— 8/26/98 10:45 24.2 4a-r8-l24h-1 494.19 GW Only 0 7.2 58.34 443.1 NA

2 8/25/98 10:32 0.0 4a-r8-t0-2 498.91 GW Only 0.0 7.11 7.11 498.9 NA

2 8/25/98 11:01 0.5 4a-r8-t30min-2a 498.91 GW Only 0 14.18 21.29 491.8 NA

2 8/25/98 12:41 2.2 4a-r8-t1.5h-2 498.91 GW Only 0 7.42 28.71 477.6 NA

2 8/25/98 14:01 3.5 4a-r8-t3h-2 498.91 GW Only 0 7.36 36.07 470.2 NA

2 8/25/98 16:01 5.5 4a-r8-t5h-2 498.91 GW Only 0 7.31 43.38

50746
462.8 NA

NA2 8/26/98 8:41 22.2 4a-r8-l20h-2 498.91 GW Only 0 7.08 455.5

2 8/26/98 10:46 24.2 4a-r8-t24h-2 498.91 GW Only 0 7.29 57.75 448.5 NA

Prepared by: S.R. Cline LaslUpdaled: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. |4a-R8 For arldilinnal comments, see Laboratory Notebook BOO0025

Mn04- Calb. Slope: 0.022 STOCK SOLN ABS 0.508 DF: 1667 Cone (ppm): 37935.82

Calibration Dale: 6/10/98
pH Data

__B&_1__ d_.;:: ,.::-.- _..'_... . _..--.^.J -7...__-_

mg Mn04 Cum. Cum mg Mn04-
Volume Initial Final Final Final

Rcaclor

No.

Stock Mr Mn04- Mn04- Spec Mn04- Consumec mgMn04 mg Mn04 in Aliquot PH

Added(m (mg/L) ABS DF (mg/L) in Interval Consumec per gram

__ 1 0 0 0.003 1 NA NA NA NA NA 8.12

0 0 0.020 1 NA NA NA NA NA 8.12

0 0 0.004 1 NA NA NA NA NA 8.11

0 0 0.004 1 NA NA NA NA NA 8.12

0 0 0.006 1 NA NA NA NA NA 8.08

0 0 0.004 1 NA NA NA NA NA 8

0 0 0.005 1 NA NA NA NA NA 8.09

2 0 0 0.004 1 NA NA NA NA NA 8.04

2 0 0 0.004 1 NA NA NA NA NA 8.06

2

2

0 0 0.003 1 NA NA NA NA NA 8.05

0 0 0.004 1 NA NA NA NA NA 8.06

2 0 0 0.004 1 NA NA NA NA NA 8.08

2 0 0 0.003 1 NA NA NA NA NA 7.98

2 0 0 0.005 1 NA NA NA NA NA 8.04

.

Prepared by: S.R. Cline
LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R8 For additional commenls, sec Laboratory Notebook B000025

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. % of Init A % of Total Cum% mg TCE

Rcaclor

No.

GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi

In Interval

Total TCE

Oxidized

in Aliquol

(ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval

1796 2,226 2.87 3.23 1,974 NA NA NA NA NA NA 0.03

0.011803 2,051 2.82 3.17 1,826 NA NA NA NA NA NA

1810 1,935 2.86 3.12 1,779 NA NA NA NA NA NA 0.01

1817 1,757 2.82 2.85 1,740 NA NA NA NA NA NA 0.01

1824 1,962 2.87 3.26 1,728 NA NA NA NA NA NA 0.01

1831 1,951 2.85 3.29 1,687 NA NA NA NA NA NA 0.01

1838 1,933 2.88 3.24 1,717 NA NA NA NA NA NA 0.01

2

2

1798

1804

2,174

2,147

2.89 3.25 1,935 NA NA NA NA NA NA 0.01

2.81 3.20 1,881 NA NA NA NA NA NA 0.03

2 1811 2,034 2.84 3.19 1,814 NA NA NA NA NA NA 0.01

2 1818 2,123 2.83 3.28 1,830 NA NA NA NA NA NA 0.01

2 1825 2,104 2.86 3.38 1,779 NA NA NA NA NA NA 0.01

2 1832 2,083 2.87 3.28 1,825 NA NA NA NA NA NA 0.01

2 1839 1,995 2.82 3.27 1,721 NA NA NA NA NA NA 0.01

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98



o
i

o

Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R8 For additional comments, see Laboratory Notebook B000025

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at US

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Samplinc Ratio

3 8/25/98 10:33 0.0 4a-r8-t0-3 379.71 Sed (2nd) 102.1 7.02 7.02 379.7 3.7

3 8/25/98 11:03 0.5 4a-r8-t30min-3 379.71 Sed (2nd) 102.06 6.53 13.55 373.9 3.7

3 8/25/98 12:42 2.2 4a-r8-t1.5h-3a 379.71 Sed (2nd) 102.06 14.21 27.76 367.4 3.6

3 8/25/98 14:02 3.5 4a-r8-t3h-3 379.71 Sed (2nd) 102.06 6.88 34.64 353.2 3.5

3 8/25/98 16:02 5.5 4a-r8-t5h-3 379.71 Sed (2nd) 102.06 6.79 41.43 346.3 3.4

3 8/26/98 8:42 22.2 4a-r8-t20h-3 379.71 Sed (2nd) 102.06 6.78 48.21 339.5 3.3

3 8/26/98 10:47 24.2 4a-r8-l24h-3 379.71 Sed (2nd) 102.06 6.45 54.66 332.8 3.3

4 8/25/98 10:34 0.0 4a-r8-IO-4 384.05 Sed (2nd) 100.1 6.76 6.76 384.1 3.8

4 8/25/98 11:04 0.5 4a-r8-t30min-4 384.05 Sed (2nd) 100.09 6.89 13.65 378.5 3.8

4 8/25/98 12:44 2.2 4a-r8-l1.5h-4 384.05 Sed (2nd) 100.09 7 20.65 371.7 3.7

4 8/25/98 14:03 3.5 4a-r8-l3h-4a 384.05 Sed (2nd) 100.09 13.97 34.62 364.7 3.6

4 8/25/98 16:03 5.5 4a-r8-l5h-4 384.05 Sed (2nd) 100.09 6.27 40.89 350.7 3.5

4 8/26/98 8:43 22.1 4a-r8-t20h-4 384.05 Sed (2nd) 100.09 6.78 47.67 344.4 3.4

4 8/26/98 10:48 24.2 4a-r8-t24h-4a 384.05 Sed (2nd) 100.09 13.55 61.22 337.6 3.4

Prepared by: S.R. Cline LaslUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology forGroundwaterRemediation at the INEEL TAN Site

Exp.
Mn04- Cal

Calibration

4a-R8 For additional comments,see Laboratory NotebookB000025
b. Slope: 0.022 STOCK SOLN ABS 0.508 DF: 1667 Conc(ppm): 37935.82

Date: 6/10/98

pH Data

Reactor

No.

Volume Initial Final Final Final mg Mn04 Cum. Cum mg Mn04-
Slock Mn

Added (m

Mn04-

(mg/L)
Mn04-

ABS

Spec
DF ""

Mn04-

(mg/L)
Consumec mg MnO^ mg Mn04 in Aliquol PH
in Interval Consumci per gram

3 0 0.0 0.002 1 126.8 0.0 0.0 0.0 0.0 8.06
3 1.25 126.8 0.469 5 105.1 8.1 8.1 0.1 0.7 8
3
3 "

1.25 105.1 0.416 5 93.2 4.4 12.5 0.1 1.3 8
1.25 93.2 0.417 5 93.4 -0.1 12.4 0.1 0.6 8

3 1.25 93.4 0.41 5 91.9 0.5 13.0 0.1 0.6 8.01
3 1.25 91.9 0.373 5 83.6 2.8 15.8 0.2 0.6 8
3 1.25 83.6 0.383 5 85.8 -0.7 15.0 0.1 0.6 8.01

4 0 0.0 0.004 1 125.3 0.0 0.0 0.0 0.0 8.03
4 1.25 125.3 0.518 5 116.0 3.5 3.5 0.0 0.8 7.92
4

4

1.25

1.25

116.0 0.443 5 99.2 6.2 9.7 0.1 0.7 7.94
99.2 0.433 5 97.0 0.8 10.6 0.1 1.4 7.98

4 1.25 97.0 0.425 5 95.2 0.6 11.2 0.1 0.6 7.97
4

4

1.25

.725
95.2

88.7

0.396

0.4

5

5

88.7

89~6
2.2 13.4 0.1 0.6 7.96

-0.3 13.1 0.1 1.2 7.98

Prepared by: S.R. Cline
LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R8 For additional commenls, seeLaboratory NolebookB000025

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

4a-R8 For additional comments, see Laboratory Notebook B000025

Sample Data
RXN Volume Solid vol (mL) Cum Actual Actual

Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S

No.

5

Time (hrs)

0.0

Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

8/25/98 10:35 4a-r8-t0-5 394.8 Sed (2nd) 100.0 7.25 7.25 394.8 3.9

5 8/25/98 11:05 0.5 4a-r8-t30min-5 394.8 Sed (2nd) 99.95 7 14.25 400.1 4.0

5 8/25/98 12:45 2.2 4a-r8-t1.5h-5 394.8 Sed (2nd) 99.95 7.36 21.61 393.1 3.9

3.9
5 8/25/98 14:05 3.5 4a-r8-t3h-5 394.8 Sed (2nd) 99.95 7.32 28.93 385.7

5 8/25/98 16:04 5.5 4a-r8-t5h-5a 394.8 Sed (2nd) 99.95 14.14 43.07 378.4 3.8

5 8/26/98 8:44 22.2 4a-i8-t20h-5 394.8 Sed (2nd) 99.95 6.86 49.93 364.2 3.6

5 8/26/98 10:50 24.3 4a-r8-t24h-5 394.8 Sed (2nd) 99.95 6.78 56.71 357.4 3.6

..

6
f,

8/25/98 10:36 0.0 4a-r8-t0-6 405.09 Sed (2nd) 104.5 6.85 6.85 405.1 3.9

8/25/98 11:06 0.5 4a-r8-t30min-6 405.09 Sed (2nd) 104.53 7.03 13.88 410.7 3.9

6
6

8/25/98 12:46 2.2 4a-i8-t1.5h-6 405.09 Sed (2nd) 104.53 7.15 21.03 403.7 3.9

8/25/98 14:06 3.5 4a-r8-l3h-6 405.09 Sed (2nd) 104.53 6.83 27.86 396.6 3.8

6
6

8/25/98 16:06 5.5 4a-r8-t5h-6 405.09 Sed (2nd) 104.53 7.28 35.14 389.7 3.7

8/26/98 8:45 22.2 4a-r8-l20h-6a 405.09 Sed (2nd) 104.53 14.15 49.29 382.5 3.7

6 8/26/98 10:51 24.2 4a-r8-t24h-6 405.09 Sed (2nd) 104.53 7.34 56.63 368.3 3.5

Prepared by: S.R.Cline
LaslUpdatcd: 10/23/98
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Laboratory Evaluationof In Situ Chemical Oxidation as a Technology for GroundwaterRemediationat the INEEL TAN Site

Exp. |4a-R8 For additional commenls, see Laboratory Notebook B000025
Mn04- Calb. Slope: 0.022 STOCK SOLN ABS 0.508 DF: 1667 Conc(ppm): 37935.82

Calibration Date: 6/10/98

pH Datammm

Reactor

No. "

Volume Initial Final Final Final mg Mn04 Cum. Cum mg Mn04-

Stock Mr Mn04-

(mg/L)

Mn04- Spec Mn04- Consumec mg Mn04 mg MnO<l in Aliquot pH

Added (m ABS DF (mg/L) in Interval Consumec per gram

5 0 0.0 0.004 1 1185.3 0.0 0.0 0.0 0.0 8

5 12.5 1185.3 0.549 50 1229.9 -17.8 -17.8 -0.2 8.6 7.75

5 12.5 1229.9 0.522 50 1169.4 23.8 5.9 0.1 8.6 7.74

5 12.5 1169.4 0.517 50 1158.2 4.3 10.3 0.1 8.5 7.75

5 12.5

12.5

1158.2 0.52 50 1165.0 -2.5 7.7 0.1 16.5 7.74

5 1165.0 0.539 50 1207.5 -15.5 -7.8 -0.1 8.3 7.75

5 12.5 1207.5 0.53 50 1187.4 7.2 -0.6 0.0 8.1 7.76

1154.56 0 0.0 0.003 1 0.0 0.0

-53.1

0.0 0.0 8

6

6

12.5 1154.5 0.573 50 1283.7 -53.1 -0.5 9.0 7.83

12.5 1283.7 0.538 50 1205.3 31.7 -21.4

-26.7
.....

-0.2 8.6 7.73

6 12.5 1205.3 0.544 50 1218.7 -5.3 -0.3

-0.4

8.3 7.75

6 12.5 1218.7 0.556 50 1245.6 -10.5 -37.2 9.1 7.73

6 12.5 1245.6 0.531 50 1189.6 21.4 -15.8 -0.2 16.8 7.74

6 12.5 1189.6 0.529 50 1185.1 1.7 -14.2 -0.1 8.7 7.76

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4a-R8 For additional commenls, sec Laboratory Notebook B000025

Reactor

No.""

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. % of Init A % of Total Cum% mgTCE
GC# Cone. Volume

(mL)

Volume Cone. C/Co Oxidized

in Interval

mgTCE TCE Oxidi TCE Oxidi Total TCE

Oxidized

in Aliquol
(ppb) (mL) (ppb) Oxidized In Interval In Interval

5 1801 1,986 2.99 3.31 1,796 .000 0.0 0.0% 0.0% 0.0% 0.01
Steven Robert Cllne:

ND, Birr ENTERED AS 1 Pf>8 FOR5 1808 0 2.86 3.17 1 .718 0.7 101.3% 93.1% 93.1% 0.00

0.005
5

1815 0 2.81 3.01 1 .000 0.7 0.0% 0.0% 93.1%
1822 0 2.98 3.15 1 0.00 0.000 0.7 0.0% 0.0% 93.1 % 0.00

5 1828 0 2.80 3.11 1 0.00 0.000 0.7 0.0% 0.0% 93.1% 0.00

5 1835 0 2.87 3.24 1 0.00 0.000 0.7 0.0% 0.0% 93.1% 0.00

5 1843 0 2.87 3.34 1 0.00 0.000 0.7 0.0% 0.0% 93.1% 0.00

.....

1802 1,877 2.88 3.27 1,653 1.00 0.000 0.0 0.0% 0.0% 0.0% 0.01

6 1809 0 2.87 3.30 1 0.00 0.679 0.7 101.3% 85.7% 85.7% 0.00

6 1816 0 2.81 3.03 1 0.00 0.000 0.7 0.0% 0.0% 85.7% 0.00

6 1823 0 2.85 3.31 1 0.00 0.000 0.7 0.0% 0.0% 85.7% 0.00

6 1830 0 2.85 - 3.17 1 0.00 0.000 0.7 0.0% 0.0% 85.7% 0.00

6 1836 0 2.88 3.46 1 0.00 0.000 0.7 0.0% 0.0% 85.7% 0.00

6 1844 0 2.86 3.30 1 0.00 0.000 0.7 0.0% 0.0% 85.7% 0.00

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation of In Silu Chemical Oxidation as a Technology lor Groundwater Remediation at the IN„„I, TAN Site

Rcjciiir
No

___

__

4

" 5
A

IT, 4..RX For xklilioitjl loniM-cni., <.cc UNiruinry Notebook BIK.MI25 1 1 r.. ___klitioi.3li.iin n„ niv w L.trH.r.il.1.}' r

_

MrrfU-f/ilr. Sh^v nm? STOCK MX-NAB^ II VM HF: IM.T CflncQrnri 179.<« 1
1 CiliNnku. I>ii«: rvirvvx 1

RXN Vi.tume Solid vot(mL) Com Actual Ado- Vulunic Iniiiil Final Final Final ORNL E1UJ-.1 Fill llt.UK Anue.*^...--^ n_y CTDilf AVG S1D1IV

Sample Tunc Sample GWUscd Media Mass aqueous Aliquol Vol at US Slock M Mn04- Mn04- Spec Mn04- PH

805

GCI One Volume Votunie jOmt (P(*) (PPb)

31.44

869
R.1A

1 AO

Tiinc

DapticaUVoC
6.5/98 10:31

___5fl8 11.02

^25/98 12:43
8/25/98 14.04

1V25/98 16 05

" ft-&98 8.46
"x/.am jij.49

(hrs)

itinpiis
0.0 Va-Ye-tt-lb

(1'iLJ

' 494.19

Type

QWOnly

(Ciuiik, aliquot

0 125

Vol (ml)

NA

Sampinf

NA

Ratio

NA

AdJodfm

b

(mg/L)

NA

ABS

0.003

OF

1

(nig/L)

mm
NA 1797

(IT*> ImL) (mL, |(fl*)
n?"

2.3% 1952.012.155 2.89 3.23 1.930

0.5

2.2

4fl-.8-t30rn.n-2_

4a(8U.5f.-3b" "J7V7.
OWOnry
Sed (2nd)

0

" 102.06
7..W

7.7

NA

NA

NA NA 0 NA 0004 1 NA 6.04 1B05 2.110 2 81 3.13 1,894 -0.7% 1B87 55

24.61NA NA 125 NA 0.425 5 95.2 7.96 1813 21 ?B3 324 19 38.7%

3.5 4a-f8--3h-4b lM.r.5 Sed (2nd) 100.09 6.71 NA NA NA 1.25 NA 0.442 5 W.0 7.97 1B2I 11 2.86 2.98 11 •27.2% 9.48

5.5

22 2

242

4a-re.5h_b

4a-r8t20h„i

4ar*t24h4h

514*

.1114.05

Sod (2nd)
Sed (2nd)
Sed (2nd)

1M.53

.00. t

7.10

7.1.1

6.73

NA NA NA 125

125

125

NA 0555 50 1241.4 7.73 1829 0 129 308 1 00%

00%

1.00

1.00

(1(H)

""" IMMI
IIOO

NA NA NA NA 0533 50 IISM.I 7.74 1837 0 2.88 324 1 V-
NA NA NA NA 0.401 5 RV.R 7.98 1842 0 2.H 107 t \ j 0.0% 1.00

__._

_E.x(r*cribs of ih iRciufi ni'rtMtHoTC K<«.i*W ?*$^Pf y^EWffiK$rffl$ $-$&?! i^l$!!t;TprzyVt *&i_J$? wsm «*W»5xmomm

2 ft*v*n Isbrrt C>n«:

O.B/lB1t3-S>«S IWBfOt

\Onva\CGKMi
tV2rV98 11:11 24.6 4aiBR 379.71 Sed (2nd) 102 OA NA NA NA NA NA NT 1657 0 402.64 391.18 O.OE-tOO

=
J 8/26/98 11:12 24.6 4arBI4 384.05 Sed (2nd) 100W NA NA NA NA NA NT 1858 0 401.98 385.79 0 06*00

5 8/26/98 11:13 24.6 4aiBI5 394.8 Sed (2nd) WW NA NA NA NA NA NT 1859 0 402 77 416.11 0.0E400

A 8/2&98 11:14 24.6 4a (6 16 405.09 Sed (2nd) IMS. NA NA NA NA NA NT 1860 0 403.06 43028 O.OE*00

_____...

2
. . .

4

4

5

5~

A

IS

_xlr*trion«rth

fcV2f_/98 11:02

<__.«<- _B«i_"r^"t?r
4a-r8-char la

r=r"^T.'
Charcoal NA

NA

i'-F'+\ TW !S_? WF-
NA NA NA NA NA nt' "* IMS 0 * 2^90

cSffcw
007

______

O.OE»00

»2S^8 11.02 4a (8<har 1b Charcoal NA NA NA NA NA NT 1846 0 2.69 0.03 O.OE+00

8/2W. Jl 11 0-1

R/2WVK ll:(M
4a-r8-char-2a

4a-i8-char_b

Charcoal

Charcoal

NA

na"
NA NA NA NA NA NT .R47 0 2.86 008 O.OE+00

NA NA NA NA NA NT 1648 0 2.87 0.03 O.OE+00

#26/98 11 05 4a-r8-chat-3a Charcoal

Charcoal

Charcoal

NA NA NA NA NA NA NT 1B49 0 266 008 O.OE+00

R/J»V9K 11 .DA

" IV26/98 1107
X/2WW JT»7

6.6/98 11:08

4a-i8-cha'-3b

4a r8<har-4a

4a-i8-char-4b

NA

NA

NA —

NA NA NA NA NA NT ISJ0 0 268 0.03 O.OE+00

NA ~ NA NA NT
..._..

—

NA NA 1851

1852

0 489 0.06

0.02

O.OE+00

O.OE+00Charcoal NA NA NA NA NA NT 0 2.84

—

4a rB-char 5a Charcoal

Charcoal

NA NA NA NA NA NA NT 1853 0 280 008 O.OE+00
.___.__

4 a -r8 -char-5b NA NA NA NA NA NA NT I8S4 0 284 0.O3 o.oe+oo

B/2&-8Ti:T6
R/2AA.X UK)

NA ~~ NA N~f ~ 1855
..—

4a-r8-char-6a

._:::.:

Charcoal

Charcoal

NA

NA

NA NA £A 0 2.90 006

002

O.OE+00
—

.

4a .B-char 6b NA NA NA NA NA NT IS5A 0 2.B7 O.OE+00
.____.

_____

— -

Additional OMutt Mi>m_tlun
— ••

—
Fl^k

1

2

.i
j ~

5

A

ruUilMnlM- Itiit Load "iHnunied CtnnunicJ
" —--

or n.( Vi-14hit (itip/g.
<I.<MM. NA NA NA

(III 0(101) NA

iv.i.i
'i.vsii

NA

0.0.1

"o.iw

NA

"ill...
47.4 ONI

1) 111

0.95

~

47.4

47J 2

—_.

-ll.KI 0,00

474 2 0V2 -12..IK -0.02 -0.(11
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Experiment: 4b-R
Solid Media

NONE

Initial TCE (ppb)
10,000

Foradditional comments, seeLaboratory Notebook B000025
Mn04-Cones. (%) I

Experiment Start Date:

Co-Conlnminant?

NO

8/10/98

0.01 &0.I

Comments: ~ ~~

Seegeneral procedure on pages 95-97 in the laboratory Notebook.
Deviations from general procedure:

NOTE: Small Amt of TCE in Blank solution!!!!!!
|T=0 and controls ran at DF=20 Hexane not found in the blank for the repeat runs, therefore at least the repeat DILUTIONS are TCE free
SPIKE SOLUTION PREPARATION
Volume GW in Tedlar

Volume Sat. TCE added

Predicted Spike Cone:

3.05 liters

31 mL

31 mg
10056 ppb

(Assuming 1000 ppm Saturated Cone.)

GC Analysis of Spike Solution
ORNL

GC#

Sample
Name

1461 4b-rl-tb-a

1462 4b-r1-tb-b

Prepared by: S.R. Cline

Sample
Time

8/11/98 10:58

8/11/98 10:58

Extract

Cone.

(ppb)
16303

17007

Flag Hcxanc

Volume

(mL)
4.84

4.88

Aqueous
Volume

(mL)

5.22

5.19

Aqueous
Cone.

(ppb)
15112

15978

Pages: 98-101

LastUpdated: 10/22/98



o
i

ro
00

Laboratory Evaluation of In Situ ChemicalOxidationas a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-Rl For additional comments, see Laboratory Notebook B000025

llllllllHIIIIIII^M
RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Samplinc Ratio

8/11/98 11:20 0.0 4b-r1-t0-1a 483.45 GW Only 0.0 14.68 14.68 483.5 NA

—|— 8/11/98 12:00 0.7 4b-r1-t30min-1 483.45 GW Only 0 7.43 22.11 468.8 NA

8/11/98 13:05 1.8 4b-r1-t1.5h-1 483.45 GW Only 0 7.74 29.85 461.3 NA

-•

8/11/98 14:30

8/11/98 16:22

3.2 4b-r1-t3h-1 483.45 GW Only 0 7.3 37.15 453.6 NA

5.0 4b-r1-t5h-1 483.45 GW Only 0 7.56 44.71 446.3 NA

8/12/98 8:19 21.0 4b-r1-t20h-1 483.45

483.45

GW Only
GW Only

0 7.46 52.17 438.7 NA

8/12/98 11:34 24.2 4b-r1-t24h-1a 0 15 66.93 431.3 NA

2~~
""2" "

8/11/98 11:21 0.0 4b-r1-t0-2 497.71 GW Only 0.0 7.5 7.5 497.7 NA

8/11/98 12:01 0.7 4b-r1-t30min-2a 497.71 GW Only 0 14.82 22.32 490.2 NA

2 8/11/98 13:05 1.7 4b-r1-t1.5h-2 497.71 GW Only 0 7.38 29.7 475.4 NA

2 8/11/98 14:31 3.2 4b-r1-t3h-2 497.71 GW Only 0 7.37 37.07 468.0 NA

2

2

8/11/98 16:23 5.0 4b-r1-t5h-2 497.71 GW Only 0 7.45 44.52 460.6 NA

8/12/98 8:20 21.0 4b-r1-t20h-2 497.71 GW Only 0 7.4 51.92 453.2 NA

2 8/12/98 11:35 24.2 4b-r1-t24h-2 497.71 GW Only 0 7.31 59.23 445.8 NA

Prepared by: S.R. Cline LastUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation asaTechnology for Groundwater Remediation at the INEELTAN Site

Reactor

No.

Exp. 4b-RI For additional comments, see Laboratory Notebook B000025
Mn04- Calb. Slope: 0.022 STOCK SOLN ABS 0.274 DF: 3333 Cone (ppin): 40922.89

Calibration

mum
Dale: 6/10/98

pH DataikWm BIVPM@^^^il^^SRP^9l8iN
Volume Initial Final Final Final mg Mn04 Cum. Cum mg Mn04-
Slock Mn Mn04- Mn04- Spec Mn04- Consumec mg MnO< mg Mn04 in Aliquot pH
Added (m (mg/L) ABS DF (mg/L) in Interval Consumec per mL GW

L. 0

0

0 0.000 1 NA NA NA NA NA 8.62

0 0.004 I NA NA NA NA NA 8.61
0 0 0.004 1 NA NA NA NA NA 8.61
0 0 0.002 1 NA NA NA NA NA 8.6
0 0 0.005 1 NA NA NA NA NA 8.61
0 0 0.004 1 NA NA NA NA NA 8.59
0 0 0.004 1 NA NA NA NA NA 8.6

2 0 0 0.001 1 NA NA NA NA NA 8.62
2 0 0 0.005 1 NA NA NA NA NA 8.63

2 0 0 0.004 1 NA NA NA NA NA 8.61
2

2

0 0 0.002 1 NA NA NA NA NA 8.63

0 0 0.003 1 NA NA NA NA NA 8.6
2 0 0 0.004 1 NA NA NA NA NA 8.6
2 0 0 0.005 1 NA NA NA NA NA 8.62

Prepared by: S.R. Clinc LastUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-RI For additional coinnients, sec Laboratory Notebook B000025

ORNL Extract Flag Itcxane Aqueous Aqueous Flag Aq. mgTCE Cum. % of Init A % of Total Cum% mg TCE
Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi TotalTCE

Oxidized

NA

in Aliquot
No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval

1 1463 14,997 2.95 3.35 13,177 NA NA NA NA NA 0.19

1 1470 15,290 2.95 3.17 14,223 NA NA NA NA NA NA 0.11

1 1477 14,077 2.92 2.89 14,209 NA NA NA NA NA NA 0.11

0.111 1484 15,883 2.90 3.20 14,390 NA NA NA NA NA NA
1 1491 14,006 2.88 3.19 12,673 NA NA NA NA NA NA

NA

NA

NA

NA "

NA

0.10

0.10

0.20

1 1498 12,957 2.89 2.86 13,081 NA NA NA NA NA

1

2~~
2

1505 14,930 2.89 3.25 13,303 NA NA NA WA NA

NA 0.11

0.21

0.10

1465 15,783 2.95 3.25 14,300 NA NA NA NA

1471 15,358 2.96 3.15 14,419 NA NA NA NA NA

1478 15,505 2.91 3.25 13,861 NA NA NA NA NA
2 1485 14,923 2.91 3.13 13,873 NA NA NA NA NA NA 0.10

2 1492

1499

14,768 2.92 3.15 13,698 NA NA NA NA NA NA

NA

0.10

0.102

2

15,112 2.87 3.37 12,861 NA NA NA NA NA

1506 15,655 2.84 3.30 13,479 NA NA NA NA NA NA 0.10

Prepared by: S.R. Cline LaslUpdatcd: 10/23/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation atthe INEEL TAN Site

Exp. 4b-Rl For additional comments, see Laboratorv Notebook B000025

RXN Volume Solid

Sample Data
vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S
No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

3 8/11/98 11:22 O.O 4b-r1-t0-3 498.33 GW Only 0.0 7.47 7.47 498.3 NA
3 8/11/98 12:03 0.7 4b-r1-t30min-3 498.33 GW Only 0 6.89 14.36 492.1 NA
3 8/11/98 13:06 1.7 4b-r1-t1.5h-3a 498.33 GW Only 0 14.16 28.52 485.2 NA
3 8/11/98 14:32 3.2 4b-r1-t3h-3 498.33 GW Only 0 6.95 35.47 471.1 NA
3 8/11/98 16:24 5.0 4b-r1-t5h-3 498.33 GW Only 0 7.24 42.71 464.1 NA
3 8/12/98 8:21 21.0 4b-r1-t20h-3 498.33 GW Only 0 6.66 49.37 456.9 NA
3 8/12/98 11:36 24.2 4b-r1-t24h-3 498.33 GW Only 0 6.96 56.33 450.2 NA

4 8/11/98 11:23 0.0 4b-r1-t0-4 512.83 GW Only 0.0 6.94 6.94 512.8 NA
4 8/11/98 12:04 0.7 4b-r1-t30min-4 512.83 GW Only 0 7.23 14.17 507.1 NA
4 8/11/98 13:08 1.7 4b-r1-t1.5h-4 512.83 GW Only 0 7.09 21.26 499.9 NA
4 8/11/98 14:33 3.2 4b-r1-t3h-4a 512.83 GW Only 0 14.87 36.13 492.8 NA
4 8/11/98 16:25 5.0 4b-r1-t5h-4 512.83 GW Only 0 7.38 43.51 478.0 NA
4 8/12/98 8:22 21.0 4b-r1-t20h-4 512.83 GW Only 0 6.74 50.25 470.6 NA
4 8/12/98 11:38 24.2 4b-r1-t24h-4 512.83 GW Only 0 7.5 57.75 463.8 NA

.

Prepared by: S.R. Cline
LastUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. |4h-RI For additional comments, sec Laboratory Notebook B000025
Mn04- Calb. Slope: 0.022JSTOCK SOLN ABS 0.274 DF: 3333 Cone (ppm): 40922.89
Calibration Date: 6/10/ J8 |

pH Data
Volume Initial Final Final Final mg Mn04 Cum. Cum mg Mn04-

Reactor Slock Mr Mn04- Mn04- Spec Mn04- Consumec mg Mn04 me Mn04 in Aliauot pH
No. Added(m (mg/L) ABS DF (mg/L) in Intcrva Consumec per mL GW

3 0 0.0 0.002 1 103.9 0 0 0.00 0 8.62
3 1.25 103.9 0.174 5 39.0 32 32 0.06 0.3 8.24
3 1.25 39.0 0.169 5 37.9 1 33 0.07 0.5 8.05
3 1.25 37.9 0.15 5 33.6 2 35 0.07 0.2 7.89
3 1.25

1.25

33.6

" 37.6
0.168

0.162

5

5

37.6 -2 33 0.07 0.3 7.89
36.3 1 33 0.07 0.2 7.85

3 1.25 36.3 0.125 5 28.0 4 37 0.07 0.2 7.8

4 0 0.0 0.001 1 100.9 0 0 0.00 0 8.63
..._4

4

4

1.25 100.9 0.172 5 38.5 32 32 0.06 0.3 8.22
1.25 38.5 0.163 5 36.5 I 33 0.06 0.3 7.93
1.25 36.5 0.149 5 33.4 2 34 0.07 0.5 7.8

4 1.25 33.4 0.154 5 34.5 -I 34 0.07 0.3 7.76
4 1.25 34.5 0.136 5 30.5 2 36 0.07 0.2 7.7
4 1.25 30.5 0.119 5 26.7 2 37 0.07 0.2 7.72

.

Prepared by: S.R. Cline
LastUpdaled: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-RI For additional comments, sec Laboratory Notebook B000025

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. %ofInitA % of Total Cum % mgTCE
Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

3 1466 15,198 2.96 3.13 14,362 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.11
3 1473R 2,853 2.94 3.21 2,609 0.18 5.8 5.8 80.8% 80.8% 80.8% 0.02
3 1479R 1,749 2.91 3.15 1,614 0.11 0.5 6.3 6.7% 6.7% 87.6% 0.02
3 1486R

1493

1,129 2.90 3.00 1,091 0.08 0.2 6.5 3.4% 3.4% 91.0% 0.01
3 626 2.89 3.12 582 0.04 0.2 6.7 3.3% 3.3% 94.3%

96.4%

0.00

0.003 1500 278 2.90 3.25 249 0.02 0.2 6.9 2.1% 2.1%
3 1508 339 2.82 3.14 304 0.02 0.0 6.9 -0.4% -0.4% 96.1 % 0.00

4 1467 16,081 2.94 3.22 14,687 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.10

4 1474R 3,/7f 2.93 3.25 2,858 0.19 6.0 6.0 79.6% 79.6% 79.6% 0.02
4 1481R 1,974 2.90 3.17 1,810 0.12 0.5 6.5 7.0% 7.0% 86.6% 0.01
4 1487R 1,225 2.91 2.99 1,193 0.08 0.3 6.8 4.0% 4.0% 90.6% 0.02
4 1494 631 2.90 3.12 586 0.04 0.3 7.1 3.9% 3.9% 94.5% 0.00

4 1501 240 2.88 3.21 216 0.01 0.2 7.3 2.3% 2.3% 96.8% 0.00
4 1509 266 2.85 3.05 250 0.02 0.0 7.3 -0.2% -0.2% 96.6% 0.00

Prepared by: S.R. Cline LastUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ ChemicalOxidationas a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-Rl For additional comments, see Laboratory Notebook B000025

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at US

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Samplinc Ratio

5 8/11/98 11:23 0.0 4b-r1-t0-5 498.97 GW Only 0.0 7.32 7.32 499.0 NA

5 8/11/98 12:05 0.7 4b-r1-t30min-5 498.97 GW Only 0 7.29 14.61 504.2 NA

5 8/11/98 13:09 1.8 4b-r1-t1.5h-5 498.97 GW Only 0 7.2 21.81 496.9 NA

5 8/11/98 14:35 3.2 4b-r1-t3h-5 498.97 GW Only 0 7.55 29.36 489.7 NA

5 8/11/98 16:26 5.0 4b-r1-t5h-5a 498.97 GW Only 0 14.96 44.32 482.1 NA

5 8/12/98 8:23 21.0 4b-r1-t20h-5 498.97 GW Only 0 7.25 51.57 467.2 NA

5 8/12/98 11:39 24.3 4b-r1-t24h-5 498.97 GW Only 0 7 59.06 459.9 NA

6 8/11/98 11:24 0.0 4b-rl-t0-6 506.14 GW Only 0.0 7.36 7.36 506.1 NA

6 8/11/98 12:06 0.7 4b-rl-t30min-6 506.14 GW Only 0 7.32 14.68 511.3 NA

6 8/11/98 13:10 1.8 4b-r1-t1.5h-6 506.14 GW Only 0 7.22 21.9 504.0 NA

6 8/11/98 14:36 3.2 4b-r1-t3h-6 506.14 GW Only 0 7.39 29.29 496.7 NA

6 8/11/98 16:28 5.1 4b-r1-t5h-6 506.14 GW Only 0 7.42 36.71 489.4 NA

6 8/12/98 8:24 21.0 4b-r1-t20h-6a 506.14 GW Only 0 14.65 51.36 481.9 NA

6 8/12/98 11:40 24.3 4b-r1-t24h-6 506.14 GW Only 0 7.46 58.82 467.3 NA

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. |4b-Rl For additional comments, see Laboratory Notebook B000025
Mn04- Calb. Slope: 0.022 STOCK SOLN ABS 0.274 DF: 3333 Cone (ppm): 40922.89

Calibration Date: 6/10/98 IP""
pHData^\tv J*i*;irt;v ^/."' ''; '• '• • .'•':•':*.: . • • - . i

Volume Initial Final Final Final mg Mn04 Cum. Cum mg Mn04-
Reactor Stock Mn Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg MnO^ in Aliquot PH

No. Added (m (mg/L) ABS DF (mg/L) in Interval Consumec per mL GW
5 0 0.0 0.002 1 1014.7 0 0 0.00 0 8.63

5 12.5 1014.7 0.189 50 423.4 298 298 0.60 3.1 7.81

5 12.5 423.4 0.191 50 427.9 -2 296 0.59 3.1 7.73

5 12.5 427.9 0.19 50 425.7 1 297 0.60 3.2 7.71

5 12.5 425.7 0.194 50 434.6 -4 293 0.59 6.5 7.7

5 12.5 434.6 0.194 50 434.6 0 293 0.59 3.2 7.67

5 12.5 434.6 0.184 50 412.2 10 303 0.61 3.1 7.72

6 0 0.0 0.001 1 1000.5 0 0 0.00 0 8.63

6

6

12.5 1000.5 0.202 50 452.5 280 280 0.55 3.3 7.73

12.5 452.5 0.204 50 457.0 -2 278 0.55 3.3 7.7

6 12.5 457.0 0.209 50 468.2 -6 272 0.54 3.5 7.71

6 12.5 468.2 0.204 50 457.0 5 278 0.55 3.4 7.68

6 12.5 457.0 0.203 50 454.8 1 279 0.55 6.7 7.67

6 12.5 454.8 0.190 50 425.7 14 293 0.58 3.2 7.69

Prepared by: S.R. Cline LastUpclaled: 10/23/98
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Laboratory EvaluaHon ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-RI Foradditional comments, secLaboratory Notebook BOO0025 1 1

ORNL Extract Flag Aqueous Flag Aq. mgTCE Cum. %ofInitA % of Total Cum% mgTCE
Hexane Aqueous

Reactor

No.

GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot
(ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

5 1468 14,758 2.93 3.11 13,902 1.00 0.0 0.0 0.0% 0.0% 0.0% 0 10
5 1475 260 2.92 3.05 248 0.02 6.9 6.9 99.2% 99.2% 99.2% 0.00
5 1482 231 2.86 3.08 214 0.02 0.0 6.9 0.2% 0.2% 99.5% 0.00
5 1489 229 2.91 3.17 211 0.02 0.0 6.9 0.0% 0.0% 99.5% 0.00
5 1495 227 2.90 3.14 210 0.02 0.0 6.9 0.0% 0.0% 99.5% 0.00
5 1502 224 2.88 3.29 196 0.01 0.0 6.9 0.1% 0.1% 99.6% 0.00
5 1510 223 2.78 3.13 197 0.01 0.0 6.9 0.0% 0.0% 99.6% 0.00

6 1469 14,081 2.97 3.07 13,653 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.10
6 1476 237 2.95 3.12 224 0.02 6.9 6.9 99.4% 99.4% 99.4% 0.00
6 1483 228 2.93 3.11 215 0.02 0.0 6.9 0.1% 0.1% 99.4% 0.00
6 1490 226 2.90 3.09 212 0.02 0.0 6.9 0.0% 0.0% 99.4% 0.00
6 1497 223 2.87 3.08 208 0.02 0.0 6.9 0.0% 0.0% 99.5% 0.00
6 1503 214 2.86 2.95 208 0.02 0.0 6.9 0.0% 0.0% 99.5% 0.00
6 1511 222 2.86 3.02 210 0.02 0.0 6.9 0.0% 0.0% 99.5% 0.00

Prepared by: S.R. Cline
LastUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R2 For additional comments, see Laboratory Notebook BOOO025

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at US

RatioNo. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Samplinc

8/13/98 11:30 0.0 4b-R2-tO-1a 514.07 GW Only 0.0 14.61 14.61 514.1 NA

8/13/98 12:10 0.7 4b-R2-t30min-1 514.07 GW Only 0 7.3 21.91 499.5 NA

8/13/98 13:20 1.8 4b-R2-l1.5h-1 514.07 GW Only 0 7.36 29.27 492.2 NA

8/13/98 14:45 3.3 4b-R2-t3h-1 514.07 GW Only 0 7.33 36.6 484.8 NA

8/13/98 16:50 5.3 4b-R2-t5h-1 514.07 GW Only 0 7.6 44.2 477.5 NA

8/14/98 8:11 20.7 4b-R2-t20h-1 514.07 GW Only 0 7.17 51.37 469.9 NA

8/14/98 11:30 24.0 4b-R2-t24h-1 514.07 GW Only 0 6.26 57.63 462.7 NA

2

2

8/13/98 11:32 0.0 4b-R2-tO-2 498.894 GW Only 0.0 7.22 7.22 498.9 NA

8/13/98 12:11 0.7 4b-R2-t30min-2a 498.894 GW Only 0 14.47 21.69 491.7 NA

2 8/13/98 13:21 1.8 4b-R2-t1.5h-2 498.894 GW Only 0 7.45 29.14 477.2 NA

2 8/13/98 14:46 3.2 4b-R2-l3h-2 498.894 GW Only 0 7.25 36.39 469.8 NA

2 8/13/98 16:51 5.3 4b-R2-t5h-2 498.894 GW Only 0 7.4 43.79 462.5 NA

2 8/14/98 8:12 20.7 4b-R2-t20h-2 498.894 GW Only 0 7.07 50.86 455.1 NA

2 8/14/98 11:31 24.0 4b-R2-t24h-2 498.894 GW Only 0 7.2 58.06 448.0 NA

Prepared by: S.R. Cline LastUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. |4b-R2 For additional comments, see Laboratory Notebook B00O025
Mn04- Calb. Slope: 0.022 STOCK SOLN ABS: NA DF: NA Cone (ppm):

Calibration Date: 6/10/98 I
pHDatm^^m$!f^iM$-::V^:':::-r./''\::,: ;..j...;.... v'. .-!,„. ^«;iv

]

KMn04 Initial Final Final Final mg Mn04 Cum. Cum mg Mn04-
Reactor Added Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot pH

No. (mg) (mg/L) ABS DF (mg/L) in Interval Consumec per mL GW

0 0 NA NA NA NA NA NA NA 8.58

0 0 NA NA NA NA NA NA NA 8.56

0 0 NA NA NA NA NA NA NA 8.54

0 0 NA NA NA NA NA NA NA 8.53

0 0 NA NA NA NA NA NA NA 8.53

0 0 NA NA NA NA NA NA NA 8.66

-----—

0 0 NA NA NA NA NA NA NA 8.66

2 0 0 NA NA NA NA NA NA NA 8.57

2 0 0 NA NA NA NA NA NA NA 8.57

2 0 0 NA NA NA NA NA NA NA 8.55

2 0 0 NA NA NA NA NA NA NA 8.53

2 0 0 NA NA NA NA NA NA NA 8.53

2 0 0 NA NA NA NA NA NA NA 8.67

2 0 0 NA NA NA NA NA NA NA 8.69

Prepared by: S.R. Cline LastUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation asa Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R2 Foradditional comments, seeLaboratory Notebook B000025

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. % of Init A % of Total Cum % mgTCE
Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mg TCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized
1 1662 13,597 2.95 3.289 12,196 NA NA NA NA NA NA 0.18
1 1669 10,325 2.957576 3.149 9,697 NA NA NA NA NA NA 0.07
1 1676 11,716 2.937879 3.266 10,539 NA NA NA NA NA NA 0.08
1 1683 9,789 2.925758 3.018 9,490 NA NA NA NA NA NA 0.07

_ 1
....

1690 9,557 2.933333 3.044 9,209 NA NA NA NA NA NA 0.07
1697 11,435 2.924242 3.207 10,427 NA NA NA NA NA NA 0.07

1 1704 13,960 2.906061 4.059 9,994 NA NA NA NA NA NA 0.06

2 1664 12,968 2.977273 3.223 11,979 NA NA NA NA NA NA 0.09
2 1670 11,042 2.956061 3.087 10,573 NA NA NA NA NA NA 0.15
2 1677 12,292 2.937879 3.108 11,619 NA NA NA NA NA NA 0.09

0.08
2 1684 11,101 2.913636 3.032 10,668 NA NA NA NA NA NA
2 1691 12,396 2.921212 3.08 11,757 NA NA NA NA NA NA 0.09
2 1698 13,100 2.921212 3.429 11,160 NA NA NA NA NA NA 0.08
2 1705 12,111 2.898485 3.196 10,983 NA NA NA NA NA NA 0.08

I

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation ofInSitu Chemical Oxidation as aTechnology for Groundwater Remediation atthe INEEL TAN Site

Exp. 4b-R2 For additional comments, see Laboratory Notebook B00O025

RXN Volume Solid vol (mL) Cum Actual Actual
Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at US

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio
3 8/13/98 11:33 0.0 4b-R2-t0-3 497.305 GW Only 0.0 7.12 7.12 497.3 NA
3 8/13/98 12:13 0.7 4b-R2-t30min-3 497.305 GW Only 0 7.31 14.43 490.2 NA
3 8/13/98 13:22 1.8 4b-R2-11.5h-3a 497.305 GW Only 0 14.14 28.57 482.9 NA
3 8/13/98 14:47 3.2 4b-R2-t3h-3 497.305 GW Only 0 6.91 35.48 468.7 NA
3 8/13/98 16:52 5.3 4b-R2-t5h-3 497.305 GW Only 0 6.99 42.47 461.8 NA
3 8/14/98 8:13 20.7 4b-R2-t20h-3 497.305 GW Only 0 6.88 49.35 454.8 NA
3 8/14/98 11:32 24.0 4b-R2-t24h-3 497.305 GW Only 0 6.96 56.31 448.0 NA

4 8/13/98 11:34 0.0 4b-R2-t0-4 499.476 GW Only 0.0 7.23 7.23 499.5 NA
4 8/13/98 12:14 0.7 4b-R2-t30min-4 499.476 GW Only 0 7.12 14.35 492.2 NA
4 8/13/98 13:24 1.8 4b-R2-t1.5h-4 499.476 GW Only 0 7.37 21.72 485.1 NA
4 8/13/98 14:48 3.2 4b-R2-t3h-4a 499.476 GW Only 0 14.82 36.54 477.8 NA
4 8/13/98 16:53 5.3 4b-R2-t5h-4 499.476 GW Only 0 7.17 43.71 462.9 NA
4 8/14/98 8:14 20.7 4b-R2-t20h-4 499.476 GWOnly 0 7.21 50.92 455.8 NA
4 8/14/98 11:33 24.0 4b-R2-t24h-4 499.476 GW Only 0 7.3 58.22 448.6 NA

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. |4b-R2 For additional comments, see Laboratory Notebook B0O0025
Mn04- Calb. Slope: 0.022 STOCK SOLN ABS: NA DF: NA Cone (ppm):

Calibration Date: 6/10/98 I
pHDat^^mixr^^t)m- j

KMn04 Initial Final Final Final mg Mn04 Cum. Cum mg Mn04-

Reactor Added Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot pH

No. (mg) (mg/L) ABS DF (mg/L) in Interval Consumec per mLGW

3 0 0 NA NA 10149.9 0 0 0.00 0 8.57

3 6605.9 10150 0.606 250 6788 1648 1648 3.31 49.6 8.39

3 6605.9 6788 0.815 250 9129 -1130 517 1.04 129.1 8.43

3 6605.9 9129 0.189 1000 8468 310 827 1.66 58.5 8.44

3 6605.9 8468 0.409 500 9163 -321 506 1.02 64.0 8.45

3 6605.9 9163 0.436 500 9768 -275 231 0.47 67.2 8.57

3 6605.9 9768 0.475 500 10641 -391 -160 -0.32 74.1 8.57

4 0 0 NA NA 10090 0 0 0.00 0 8.58

4 6594.4 10090 0.462 250 5175 2419 2419 4.84 36.8 8.25

4 6594.4 5175 0.847 250 9488 -2092 327 0.65 69.9 8.4

4 6594.4 9488 0.199 1000 8916 273 600 1.20 132.1 8.39

4 6594.4 8916 0.406 500 9096 -83 517 1.04 65.2 8.41

4 6594.4 9096 0.391 500 8760 153 670 1.34 63.2 8.52

4 6594.4 8760 0.424 500 9499 -332 339 0.68 69.3 8.52

Prepared by: S.R. Cline LastUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R2 For additional comments, sec Laboratory Notebook B00O025

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mg TCE Cum. % of Init A % of Total Cum % mg TCEReactor

~~No.
GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE

(PPb) (mL) (mL) (PPb) in Interval Oxidized In Interval In Interval Oxidized
3 1665 10,703 2.983333 3.252 9,818 1.00 0.0 0.0 0.0% 0.0% 0 0% 0 073 1672 16 2.954545 3.26 15 0.00 4.8 4.8 98.4% 98.4% 98.4% 0 003

3

1678

1685

14

14

2.930303

2.927273

3.309

3 253

13 0.00 0.0 4.8 0.0% 0.0% 98.4% 0.00

3

3

1692

1699
13

13

2.887879

2.910606
3.082

3 285

12

12

0.00

0.0

0.0

4.8

4.8

0.0%

0.0%

0.0%

0.0%

98.4%

98.4%

0.00

0.00

3 1706 0 2.919697 3.204 1
*- Steven Robert Cline:

ND, BUT ENTERED AS 1 PPB FOR

o.u

0.0

4.8

4.8

0.0%

0.1%

0.0%

0.1%

98.5%

98.5%

0.00

0.00

4 1666 11,947 2.966667 3.119 11,363 1.00 0.0 0.0 0.0% 0.0% 0 0% 0 084 1673 9 2.945455 3.075 9 0.00 5.6 5.6 98.5% 98.5% 98 5% 0 004 1680 0 2.943939 3.131 0.00 0.0 5.6 0.1% 0.1% 98 5% 0 004 1686 0 2.936364 3.185 0.00 0.0 5.6 0.0% 0.0% 98 5% 0.00

0 00
4 1693 0 2.918182 3.286 0.00 0.0 5.6 0.0% 0.0% 98 5%
4 1700 0 2.907576 3.438 0.00 0.0 5.6 0.0% 0.0% 98 5% 0 004 1707 0 2.907576 3.222 0.00 0.0 5.6 0.0% 0.0% 98.5% 0.00

..

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R2 For additional comments, see Laboratory Notebook R000025
-

VolumeRXN
|SampleDaia

Solid vol (mL) Cum Actual
Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at US

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Samplinc Ratio
5 8/13/98 11:35 0.0 4b-R2-tO-5 499.149 GWOnly 0.0 7.17 7.17 499 1 NA
5 8/13/98 12:15 0.7 4b-R2-t30min-5 499.149 GW Only 0 7.23 14.4 492.0 NA
5 8/13/98 13:25 1.8 4b-R2-t1.5h-5 499.149 GW Only 0 7.39 21.79 484.7 NA
5 8/13/98 14:50 3.2 4b-R2-t3h-5 499.149 GW Only 0 7.48 29.27 477.4 NA
5 8/13/98 16:54 5.3 4b-R2-t5h-5a 499.149 GW Only 0 14.81 44.08 469.9 NA
5 8/14/98 8:15 20.7 4b-R2-t20h-5 499.149 GW Only 0 7.65 51.73 455.1 NA
5 8/14/98 11:34 24.0 4b-R2-t24h-5 499.149 GW Only 0 7.22 58.95 447.4 NA

6 8/13/98 11:36 0.0 4b-R2-t0-6 504.17 GW Only 0.0 7.11 7.11 504.2 NA
6 8/13/96 12:16 0.7 4b-R2-t30min-6 504.17 GW Only 0 7.35 14.46 497.1 NA
6 8/13/98 13:26 1.8 4b-R2-11.5h-6 504.17 GW Only 0 7.56 22.02 489.7 NA
6 8/13/98 14:51 3.3 4b-R2-I3h-6 504.17 GW Only 0 7.51 29.53 482.2 NA
6 8/13/98 16:56 5.3 4b-R2-t5h-6 504.17 GW Only 0 7.51 37.04 474.6 NA
6 8/14/98 8:16 20.7 4b-R2-t20h-6a 504.17 GW Only 0 14.64 51.68 467.1 NA
6 8/14/98 11:35 24.0 4b-R2-t24h-6a 504.17 GW Only 0 14.57 66.25 452.5 NA

0

Prepared by: S.R. Cline
LastUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology forGroundwater Remediation at the INEEL TAN Site

Exp. 4b-R2 For additional comments, see Laboratory Notebook B0O0O25
Mn04- Calb. Slope: 0.022 STOCK SOLN ABS: NA DP: NA Cone (ppm):
Calibration Date: 6/10/98

pHDatiCTtfiSneym-,-..-•.; v— -'• -:.?.•:•:• -

KMn04 Initial Final Final Final mg MnO^ Cum. Cum mg Mn04-
Reactor Added Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot pH

No. (mg) (mg/L) ABS DF (mg/L) in Interval Consumec per mL GW
5 0 0 NA NA 30621 0 0 0.00 0 8.58

5 20001.8 30621 0.322 500 7214 11516 11516 23.07 52.2 8.7

5 20001.8 7214 1.185 500 26548 -9372 2144 4.29 196.2 8.8

5 20001.8 26548 0.582 1000 26077 225 2368 4.74 195.1 8.81

5 20001.8 26077 0.598 1000 26794 -337 2031 4.07 396.8 8.82

5 20001.8 26794 0.611 1000 27377 -265 1766 3.54 209.4 8.93
5 20001.8 27377 0.605 1000 27108 120 1886 3.78 195.7 8.91

6 0 0 NA NA 30328 0 0 0.00 0 8.57
6 20015.3 30328 0.408 500 9140 10531 10531 20.89 67.2 8.75
6 20015.3 9140 1.232 500 27601 -9040 1491 2.96 208.7 8.83

6 20015.3 27601 0.599 1000 26839 367 1859 3.69 201.6 8.84
6 20015.3 26839 0.540 1000 24195 1255 3113 6.18 181.7 8.86
6 20015.3 24195 0.642 1000 28766 -2135 978 1.94 421.1 8.97
6 20015.3 28766 0.629 1000 28183 264 1242 2.46 410.6 8.96

1

Prepared by: S.R. Cline
LastUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation atthe INEEL TANSite

Exp. 4b-R2 For additional comments,seeLaboratory NotebookB000025 T

mgTCE
ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. %ofInitA % of Total Cum%

Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot
No. (PPb) (mL) (mL) (PPb) in Interval Oxidized In Interval In Interval Oxidized

5 1667 9.436 2.97 3.16 8.885 4 nn
nn 0.0 0.0% 0.0% 0 0% 0 06

5 1674 0 2.94 3.21
— aieven Kuuen nine:

1 ND, BUT ENTERED AS 1PPB FOR 4.4 4.4 98.6% 98.6% 98.6% 0.00
5 1681 0 2.93 3.24 1

in irmcrkt cniinrewwuuu
0.0 4.4 0.0% 0.0% 98.6% 0.00

5 1688 0 2.93 3.19 1 0.00 0.0 4.4 0.0% 0.0% 98.6% 0.00
5 1694 0 2.67 3.38 1 0.00 0.0 4.4 0.0% 0.0% 98.6% 0.00
5 1701 0 2.90 3.14 1 0.00 0.0 4.4 0.0% 0.0% 98.6% 0.00
5 1708 0 2.88 3.51 1 0.00 0.0 4.4 0.0% 0.0% 98.6% 0.00

6 1668 11,809 2.94 3.13 11.095 ^n^-J i-aa 0.0 0.0 0.0% 0.0% 0.0% 0 08
6 1675 0 2.94 3.14 1 ND, BUT ENTERED AS 1 PPB FOR 5.5 5.5 98.6% 98.6% 98.6% 0.00
6 1682 0 2.95 3.08 1 0.0 5.5 0.0% 0.0% 98.6% 0.00
6 1689 0 2.94 3.23 1 0.00 0.0 5.5 0.0% 0.0% 98.6% 0.00
6 1696 0 2.94 3.13 1 0.00 0.0 5.5 0.0% 0.0% 98.6% 0.00
6 1702 0 2.93 3.35 1 0.00 0.0 5.5 0.0% 0.0% 98.6% 0.00
6 1709 0 2.87 3.37 1 0.00 0.0 5.5 0.0% 0.0% 98.6% 0.00

- i

. ,
.

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Experiment: 4b-R3
Solid Media

NONE

Initial TCE (ppb)
100.000

Experiment Start Date:

Co-Contaminant?

NO

For additional comments, RMAL Labortory Research Book
Mn04- Cones. (%)
.0I&.1

7/29/98

Comments:

NOTE: use of Neat TCE to make spiking solution instead of an aqueous saturated TCE solution.
Extracted the entire reactor contents after the end of the test. Was not really necessary.

SPIKE SOLUTION PREPARATION

Prepared a 100 ppm TCE spiking solution in Tediar bag using 2500gm of sparged groundwater and 280uL of pure
phase TCE. Placed bag in incubator set at 12 C.

GC Analysis of Spike Solution
ORNL

GC#

Sample

Name

Sample
Time

Extract

Cone.

(PPb)

Flag Hexane

Volume

(mL)

Aqueous
Volume

(mL)

Aqueous
Cone.

(PPb)
1313 4B-R3-TB-A 7/30/98 8:20 148,124 5.05 5.02 149,113

1314 4B-R3-TB-B 7/30/98 8:20 145,203 5.08 4.99 147,669

Prepared by: S.R. Cline LastUpdatcd: 10/22/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R3 Foradditionalcomments,RMALLabortory Research Book

RXN Volume Solid vol (mL) Cum Actual
Reactor Sample Time Sample GW Used Media |Mass aqueous Aliquot Vol at US

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Samplinc Ratio
7/30/98 9:00 0.0 4B-R3-T0-1A 401 GW Only 0.0 20 20 401.0 NA

' 7/30/98 9:30 0.5 4B-R3-T30MIN-1 401 GW Only 0 10 30 381.0 NA
7/30/98 11:00 2.0 4B-R3-T2HR-1 401 GW Only 0 10 40 371.0 NA
7/30/98 13:00 4.0 4B-R3-T4HR-1 401 GW Only 0 10 50 361.0 NA
7/30/98 15:00 6.0 4B-R3-T6HR-1 401 GW Only 0 10 60 351.0 NA

7/31/98 6:55 21.9 4B-R3-T20HR-1 401 GW Only 0 10 70 341.0 NA
7/31/98 9:00 24.0 4B-R3-T24HR-1A 401 GW Only 0 20 90 331.0 NA

8/3/98 9:00 96.0 4B-R3-T96HR-1 401 GW Only 0 10 100 311.0 NA
2 7/30/98 9:00 0.0 4B-R3-T0-2 401 GW Only 0.0 10 10 401.0 NA
2 7/30/98 9:30 0.5 4B-R3-T30MIN-2A 401 GW Only 0 20 30 391.0 NA
2 7/30/98 11:00 2.0 4B-R3-T2HR-2 401 GW Only 0 10 40 371.0 NA
2 7/30/98 13:00 4.0 4B-R3-T4HR-2 401 GW Only 0 10 50 361.0 NA
2 7/30/98 15:00 6.0 4B-R3-T6HR-2 401 GW Only 0 10 60 351.0 NA
2 7/31/98 6:55 21.9 4B-R3-T20HR-2 401 GW Only 0 10 70 341.0 NA
2 7/31/98 9:00 24.0 4B-R3-T24HR-2 401 GW Only 0 10 80 331.0 NA
2 8/3/98 9:00 96.0 4B-R3-T96HR-2a 401 GW Only 0 20 100 321.0 NA

Prepared by: S.R. Clinc
LastUpdatcd: 10/23/98
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Exp. |4b-R3 For additional comments, RMAL Labortory Research Book
Mn04- Call

Calibration

i. Slope: 0.046 STOCK Conc.(ppm): 49.5 DF: 800 Cone (ppm 39600
Date: 5/5/98 1

Volume 1Initial Aliquot Final Final OJAHW [Cum. Cum mg Mn04-
Reactor Stock Mn( Mn04- Mn04- Spec Mn04- Consumet. mg MnO< me Mn04 in Aliauo pH

No. Added (mL (mg/L) (mg/L) DF (mg/L) in Interva Consumec per mL GW
0 0 NA NA NA NA NA NA NA 8.07
0 0 NA NA NA NA NA NA NA 8.1
0 0 NA NA NA NA NA NA NA 8.04
0 0

0

NA NA NA NA NA NA NA 8.09
0 NA NA NA NA NA NA NA 8.01
0 0 NA NA NA NA NA NA NA 7.93

—L- 0 0 NA NA NA NA NA NA NA 8.01
0 0 NA NA NA NA NA NA NA 7.77

8.17
2

2

0 0 NA NA NA NA NA NA NA
0 0 NA NA NA NA NA NA NA 8.1

2 0 0 NA NA NA NA NA NA NA 8.09
2 0 0 NA NA NA NA NA NA NA 8.26
2 0 0 NA NA NA NA NA NA NA 8.11
2 0 0 NA NA NA NA NA NA NA 7.99
2 0 0 NA NA NA NA NA NA NA 8.01
2 0 0 NA NA NA NA NA NA NA 7.83

Prepared by: S.R. Cline
LastUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R3 For additional comments, RMAL Labortory Research Book

Sample Data

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor

No"."~

3

Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S

Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

7/30/98 9:00 0.0 4B-R3-T0-3 401 GW Only 0.0 10 10 401.0 NA

3

3

7/30/98 9:30 0.5 4B-R3-T30MIN-3 401 GW Only 0 10 20 392.0 NA

7/30/98 11:00 2.0 4B-R3-T2HR-3A 401 GW Only 0 20 40 382.0 NA

3
3

7/30/98 13:00 4.0 4B-R3-T4HR-3 401 GW Only 0 10 50 362.0 NA

7/30/98 15:00 6.0 4B-R3-T0-1A 401 GW Only 0 10 60 352.0 NA

3 7/31/98 6:55 21.9 4B-R3-T20HR-3 401 GW Only 0 10 70 342.0 NA

3 7/31/98 9:00 24.0 4B-R3-T24HR-3 401 GW Only 0 10 80 332.0 NA

NA3 8/3/98 9:00 96.0 4B-R3-T96HR-3 401 GW Only 0 10 90 322.0

4 7/30/98 9:00 0.0 4B-R3-T0-4 401 GW Only 0.0 10 10 401.0 NA

4 7/30/98 9:30 0.5 4B-R3-T30MIN-4 401 GW Only 0 10 20 392.0 NA

4 7/30/98 11:00 2.0 4B-R3-T2HR-4 401 GW Only 0 10 30 382.0 NA

4 7/30/98 13:00 4.0 4B-R3-T4HR-4A 401 GW Only 0 20 50 372.0 NA

4 7/30/98 15:00 6.0 4B-R3-T6HR-4 401 GW Only 0 10 60 352.0 NA

4 7/31/98 6:55 21.9 4B-R3-T20HR-4 401 GW Only 0 10 70 342.0 NA

4 7/31/98 9:00 24.0 4B-R3-T24HR-4 401 GW Only 0 10 80 332.0 NA

4 8/3/98 9:00 96.0 4B-R3-T96HR-4 401 GW Only 0 10 90 322.0 NA

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Exp. |4b-R3 For additional comments, RMAL Labortory Research Book
Mn04- Calb. Slope: 0.046 STOCK Conc.(ppm): 49.5 DF: 800 Cone(ppm 39600
Calibration Date: 5/5/98

™" •••
pHDataV:. ' '.'-v- -../',-.''

Volume Initial Aliquot Final Final mg Mn04 Cum. Cum mg Mn04-
Reactor Stock Mn( Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquo PH

No. Added (mL (mg/L) (mg/L) DF (mg/L) in Interval Consumec per mL GW
3 0 0 NA NA 101.0 0 0 0.00 0 8.17

. 3 101.0 29.50 29.5 28 28 0.07 0.3 6.78
3 29.5 10.50 10.5 7 35 0.09 0.2 6.03

3 10.5 2.37 2.4 3 38 0.10 0.0 6.31

3 2.4 1.01 1.0 0 39 0.10 0.0 6.08
3 1.0 0.61 0.6 0 39 0.10 0.0 6.42
3 0.6 0.45 0.5 0 39 0.10 0.0 6.1

3 0.5 1.10 1.1 0 39 0.10 0.0 6.67

4 0 NA NA 101.0 0 0 0.00 0 8.18
4 101.0 27.60 27.6 29 29 0.07 0.3 6.79

4 27.6 11.50 11.5 6 35 0.09 0.1 6.11

4 11.5 2.55 2.6 3 38 0.10 0.1 6.41

4 2.6 1.07 1.1 1 39 0.10 0.0 6.2

4 1.1 0.58 0.6 0 39 0.10 0.0 6.47

4 0.6 0.50 0.5 0 39 0.10 0.0 6.17

4 0.5 1.1 11 0 39 0.10 0.0 6.711

Prepared by: S.R. Cline LastUpdatcd: 10/23/98
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Laboratory Evaluationof In Situ Chemical Oxidation as a Technology for GroundwaterRemediation at the INEEL TAN Site

Exp. 4b-R3 For additional comments, RMAL Labortory Research Book

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. % of Init A % of Total Cum% mg TCE

Reactor GCff Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (PPb) (mL) (mL) (PPb) in Interval Oxidized In Interval In Interval Oxidized

3 1319 100,293 3.05 2.89 106,024 1.00 0.0 0.0 0.0% 0.0% 0.0% 1.06

3 1333R 50,690 3.13 3.25 48,844 0.46 22.4 22.4 52.7% 52.7% 52.7% 0.49

3 1347R 43,307 3.13 3.45 39,385 0.37 3.6 26.0 8.5% 8.5% 61.2% 0.79

3 1361 28,860 E 3.03 3.07 28,421 E 0.27 4.0 30.0 9.3% 9.3% 70.6% 0.28

3 1375R 36,530 3.03 3.42 32,396 0.31 -1.4 28.6 -3.3% -3.3% 67.3% 0.32

3 1389R 32,635 3.07 3.16 31,692 0.30 0.2 28.8 0.6% 0.6% 67.8% 0.32

3 1403R 28,983 3.07 2.68 33,202 0.31 -0.5 28.3 -1.2% -1.2% 66.7% 0.33

3 1417 31,349 3.09 3.177 30,499 0.29 0.9 29.2 2.0% 2.0% 68.7% 0.30

4 1320 96,366 3.05 2.74 107,060 1.00 0.0 0.0 0.0% 0.0% 0.0% 1.07

4 1334R 44,869 3.12 2.51 55,777 0.52 20.1 20.1 46.8% 46.8% 46.8% 0.56

4 1348R 41,370 3.11 3.22 40,041 0.37 6.0 26.1 14.0% 14.0% 60.8% 0.40

4 1362R 35,512 3.02 3.18 33,701 0.31 2.4 28.5 5.5% 5.5% 66.3% 0.67

4 1376R 34,518 3.04 3.21 32,699 0.31 0.4 28.8 0.8% 0.8% 67.1% 0.33

4 1390R 31,688 3.08 3.00 32,503 0.30 0.1 28.9 0.2% 0.2% 67.3% 0.33

4

4

1404R 31,117 3.06 2.95 32,273 0.30 0.1 29.0 0.2% 0.2% 67.5% 0.32

1418 34,406 3.09 3.28 32,375 0.30 0.0 28.9 -0.1% -0.1% 67.4% 0.32

Prepared by: S.R. Cline LastUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R3 For additional comments, RMAL Labortory Research Book

,.., ........

RXN Volume Solid vol (mL) Cum Actual Actual
Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Samplinc Ratio

5 7/30/98 9:00 0.0 4B-R3-T0-5 400 GW Only 0.0 10 10 400.0 NA

5 7/30/98 9:30 0.5 4B-R3-T30MIN-5 400 GW Only 0 10 20 400.0 NA

5 7/30/98 11:00 2.0 4B-R3-T2HR-5 400 GW Only 0 10 30 390.0 NA

5 7/30/98 13:00 4.0 4B-R3-T4HR-5 400 GW Only 0 10 40 380.0 NA

5 7/30/98 15:00 6.0 4B-R3-T6HR-5A 400 GW Only 0 20 60 370.0 NA

5 7/31/98 6:55 21.9 4B-R3-T20HR-5 400 GW Only 0 10 70 350.0 NA

5 7/31/98 9:00 24.0 4B-R3-T24HR-5 400 GW Only 0 10 80 340.0 NA

5 8/3/98 9:00 96.0 4B-R3-T96HR-5 400 GW Only 0 10 90 330.0 NA

6 7/30/98 9:00 0.0 4B-R3-T0-6 401 GW Only 0.0 10 10 401.0 NA

6 7/30/98 9:30 0.5 4B-R3-T30MIN-6 401 GW Only 0 10 20 401.0 NA

6 7/30/98 11:00 2.0 4B-R3-T2HR-6 401 GW Only 0 10 30 391.0 NA

6 7/30/98 13:00 4.0 4B-R3-T4HR-6 401 GW Only 0 10 40 381.0 NA

6 7/30/98 15:00 6.0 4B-R3-T6HR-6 401 GW Only 0 10 50 371.0 NA

6 7/31/98 6:55 21.9 4B-R3-T20HR-6A 401 GW Only 0 20 70 361.0 NA

6 7/31/98 9:00 24.0 4B-R3-T24HR-6 401 GW Only 0 10 80 341.0 NA

6 8/3/98 9:00 96.0 4B-R3-T96HR-6 401 GW Only | 0 10 90 331.0 NA '

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Mn04- Calb. Slope: 0.046 STOCK Conc.(ppm): 49.5 DF: 800 Cone (ppm 39600

Calibration Date: 5/5/98 j

Volume Initial Aliquot Final Final mg Mn04 Cum. Cum mg Mn04-
Reactor Stock Mn( Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquo pH

No. Added (mL (mg/L) (mg/L) DF (mg/L) in Interval Consumec per mL GW

5 0 0 NA NA 990.0 0 0 0.00 0 8.23

5 10 990.0 49.8 17 846.60 57 57 0.14 8.5 6.26

5 10 846.6 49.6 17 843.20 1 59 0.15 8.4 5.93

5 10 843.2 48.8 17 829.60 5 64 0.16 8.3 6.35

5 10 829.6 49.4 17 839.80 -4 60 0.15 16.8 6.11

5

5

10 839.8 47.7 17 810.90 10 70 0.18 8.1 6.17

10 810.9 47.5 17 807.50 1 71 0.18 8.1 6.04

5 10 807.5 47.2 17 802.40 2 73 0.18 8.0 6.44

6 0 0 NA NA 987.53 0 0 0.00 0 8.23

6 10 987.5 48.9 17 831.30 63 63 0.16 8.3 6.26

6 10 831.3 49.4 17 839.80 -3 59 0.15 8.4 6

6 10 839.8 48.7 17 827.90 5 64 0.16 8.3 6.39

6 10 827.9 49.5 17 841.50 -5 59 0.15 8.4 6.13

6 10 841.5 48.0 17 816.00 9 68 0.17 16.3 6.21

6 10 816.0 48.1 17 817.70 -I 67 0.17 8.2 6.05

6 10 817.7 47.4 17 805.80 4 71 0.18 8.1 6.41

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Exp. 4b-R3 Foradditional comments, RMAL Labortory Research Book 1 1
--

Flag Aq. mgTCE Cum. % of Init A % of Total Cum % mg TCE
ORNL Extract Flag Hcxane Aqueous Aqueous

Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxid Total TCENo. (PPb) (mL) (mL) (PPb) in Interval Oxidized In Interval In Interval Oxidized

5

5

1321

1335

1349

_ 99.109

0

0

3.07 2.92 104.107 «f
• 1 « "^I L 0.0 0.0 0.0% 0.0% 0 0%

3.11

3.12

3.04

2 84

NO, 8UT ENTERED AS I PPflFOU 41.6 41.6 100.0% 100.0% 100.0% 0.00

5 1363 0 3.02 2.99 0.00 0.0

41.6

41.6

0.0%

0.0%

0.6%
0.0%

100.0%

100 0%

0.00

0 00
5 1377 0 3.03 3.26 0.00 0.0 41.6 0.0% 0.0% 100 0% 0 00
5 1391 0 3.03 2.74 0.00 0.0 41.6 0.0% 0.0% 100 0% 0 005 1405 0 3.06 3.60 0.00 0.0 41.6 0.0% 0.0% 100.0% 0.00
5 I4I9 0 3.09 3.259 0.00 0.0 41.6 0.0% 0.0% 100.0% 0.00
6 1322 102,240 3.09 3.24 97,517 1.00 0.0 0.0 0.0% 0.0% 0 0% 0 98
6 1336 0 3.13 3.05 0.00 39.1 39.1 100.0% 100.0% 100 0% 0 00
6 1350 0 3.11 3.57 0.00 0.0 39.1 0.0% 0.0% 100.0% 0 006

6

1364 0 3.02 2.73 0.00 0.0 39.1 0.0% 0.0% 100.0% 0 00
1378 0 3.04 3.45 0.00 0.0 39.1 0.0% 0.0% 100.0% 0 00

6 1392 0 3.07 2.90 0.00 0.0 39.1 0.0% 0.0% 100 0% 0 00
6 1406 0 3.08 2.90 0.00 0.0 39.1 0.0% 0.0% 100.0% 0 00
6 1420

o 3.09 3.68| 1 0.00 0.0 39.1 0.0% 0.0% 100.0% 0.00

Prepared by: S.R. Cline
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Laboratory Evaluation of InSitu Chemical Oxidation asaTechnology for Groundwater Remediation at the INEEL TAN Site

Experiment: 4b-R4
Solid Media

NONE

Initial TCE (ppb)
100,000

Experiment Start Date:

Comments:

Co-Contaminanl?

NO

For additional comments,RMALLabortoryResearchBook
Mn04- Cones. (%)
1 &3

7/29/98

SPIKE SOLUTION PREPARATION

Prepared a 100 ppm TCE spiking solution in Tediar bag using 2500gm of sparged groundwater and 280uL of pure
phase TCE. Placed bag In incubator set at 12 C.

GC Analysis of Spike Solution
ORNL

GC#

Sample
Name

Sample

Time

Extract

Cone.

(ppb)

Flag Hexane

Volume

(mL)

Aqueous
Volume

(mL)

Aqueous
Cone.

(ppb)
1315 4B-R4-TB-A 7/30/98 8:20 139,895 5.11 4.85 147,334
1316 4B-R4-TB-B 7/30/98 8:20 133,723 5.12 4.67 146,730

Prepared by: S.R. Cline
LastUpdated: 10/22/98
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Exp. 4b-R4 For additional comments, RMAL Labortory Research Book

Sample D;iia

Volume Solid vol (mL) Cum Actual Actual
RXN

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

7/30/98 9:05 0.0 4B-R4-T0-1A 400 GW Only 0.0 20 20 400.0 NA

7/30/98 9:35 0.5 4B-R4-T30MIN-1 400 GW Only^ 0 10 30 380.0 NA

7/30/98 11:00 1.9 4B-R4-T2HR-1 400 GW Only 0 10 40 370.0 NA

7/30/98 13:05 4.0 4B-R4-T4HR-1 400 GW Only 0 10 50 360.0 NA

7/30/98 15:05 6.0 4B-R4-T6HR-1 400 GW Only 0 10 60 350.0 NA

7/31/98 6:55 21.8 4B-R4-T20HR-1 400 GW Only 0 10 70 340.0 NA

7/31/98 9:05 24.0 4B-R4-T24HR-1A 400 GW Only 0 20 90 330.0 NA

8/3/98 9:05 96.0 4B-R4-T96HR-1 400 GW Only 0 10 100 310.0 NA

2 6/24/98 8:45 0.0 4B-R4-T0-2 400 GW Only 0.0 10 10 400.0 NA

2 6/24/98 9:15 0.5 4B-R4-T30MIN-2A 400 GW Only 0 20 30 390.0 NA

2 6/24/98 10:45 2.0 4B-R4-T2HR-2 400 GW Only 0 10 40 370.0 NA

2 6/24/98 12:45 4.0 4B-R4-T4HR-2 400 GW Only 0 10 50 360.0 NA

2 6/24/98 14:45 6.0 4B-R4-T6HR-2 400 GW Only 0 10 60 350.0 NA

2 6/25/98 7:02 22.3 4B-R4-T20HR-2 400 GW Only 0 10 70 340.0 NA

2 6/25/98 8:45 24.0 4B-R4-T24HR-2 400 GW Only 0 10 80 330.0 NA

2 8/3/98 9:05 96.0 4B-R4-T96HR-2a 400 GW Only 0 20 100 320.0 NA

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Mn04- Calb. Slope:

Calibration Date: 5/5/98

Exp^ 4b-R4

KMn04

Reactor

No.

Added

(mg)

Mn04-

(mg/L)

Prepared by: S.R. Cline

For additional comments, RMAL Labortory Research Book
0.046 STOCK NA DF: NA CONC: Cone (ppm):

(mg/L)
Mn04-

NA

Spec
DF

NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA

NA
NA

NA

NA NA

NA NA

NA NA

NA NA

Mn04-

(mg/L)

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Consumec

in Interval
mg Mn04
Consumec

mg MnQ4

NA

NA

NA

NA

per mL GW
in Aliquot

NA

NA

NA

NA
NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
NA NA NA NA

NA NA NA NA
NA NA NA NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

|pHPat

PH

8.37

8.29

8.25

8.38

8.32

8.08

8.00

7.91

8.35

8.38

8.26

&4
8.36

8.09

7.92
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Exp. 4b-R4 Foradditional comments, RMAL Labortory Research Book

ORNL Extract Flag Hexane Aqueous Aqueous Fla Aq. mgTCE Cum. % of Ink A % of Total Cum % mg TCE
Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE

No. (PPb) (mL) (mL) (PPb) in Interval Oxidized In Interval In Interval Oxidized
1324 110,280 3.10 3.16 108,204 NA NA NA NA NA NA 2 16
1338 107,813 3.13 3.42 98,642 NA NA NA NA NA NA 0 99
1352 95,030 3.09 2.84 103,215 NA NA NA NA NA NA 1 03
1366 118,327 3.02 3.16 113,022 NA NA NA NA NA NA 1 13

1 1380 101,684 3.05 3.01 102,814 NA NA NA NA NA NA 1 03
1394 101,714 3.06 2.97 104,868 NA NA NA NA NA NA 1 05
1408 117,979 3.08 2.84 127,728 NA NA NA NA NA NA 2.55
1422 107,601 3.11 2.77 120,830 NA NA NA NA NA NA 1.21

2 1325 117,700 3.08 3.38 107,180 NA NA NA NA NA NA 1 07
2 1339 97,974 3.13 2.97 103,327 NA NA NA NA NA NA 2 07
2 1353 98,430 3.10 2.93 104,101 NA NA NA NA NA NA 1 042 1367 117,477 3.03 3.25 109,578 NA NA NA NA NA NA 1.10
2 1381 99,311 3.05 2.90 104,712 NA NA NA NA NA NA 1.05
2 1395 99,499 3.07 2.83 107,972 NA NA NA NA NA NA 1.08
2 1409 117,145 3.08 2.80 129,074 NA NA NA NA NA NA 1.29
1 1423 111,574 3.11 2.77 125,323 |na NA NA NA NA NA 2.51

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R4 For additional comments, RMAL Labortory Research Book

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor

No.

Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at US

Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

3 6/24/98 8:45 0.0 4B-R4-T0-3 400 GW Only 0.0 10 10 400.0 NA

3 6/24/98 9:15 0.5 4B-R4-T30MIN-3 400 GW Only 0 10 20 390.0 NA

3 6/24/98 10:45 2.0 4B-R4-T2HR-3A 400 GW Only 0 20 40 380.0 NA

3 6/24/98 12:45 4.0 4B-R4-T4HR-3 400 GW Only 0 10 50 360.0 NA

3 6/24/98 14:45 6.0 4B-R4-T0-1A 400 GW Only 0 10 60 350.0 NA

3 6/25/98 7:02 22.3 4B-R4-T20HR-3 400 GW Only 0 10 70 340.0 NA

3 6/25/98 8:45 24.0 4B-R4-T24HR-3 400 GW Only 0 10 80 330.0 NA

3 8/3/98 9:05 96.0 4B-R4-T96HR-3 400 GW Only 0 10 90 320.0 NA

4 6/24/98 8:45 0.0 4B-R4-T0-4 400 GW Only 0.0 10 10 400.0 NA

4 6/24/98 9:15 0.5 4B-R4-T30MIN-4 400 GW Only 0 10 20 390.0 NA

4

4

6/24/98 10:45 2.0 4B-R4-T2HR-4 400 GW Only 0 10 30 380.0 NA

6/24/98 12:45 4.0 4B-R4-T4HR-4A 400 GW Only 0 20 50 370.0 NA

4 6/24/98 14:45 6.0 4B-R4-T6HR-4 400 GW Only 0 10 60 350.0 NA

4 6/25/98 7:02 22.3 4B-R4-T20HR-4 400 GW Only 0 10 70 340.0 NA

4 6/25/98 8:45 24.0 4B-R4-T24HR-4 400 GW Only 0 10 80 330.0 NA

" 8/3/98 9:05 96.0 4B-R4-T96HR-4 400 GW Only 0 10 90 320.0 NA

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ ChemicalOxidationas a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. |4b-R4 For additional comments, RMAL Labortory Research Book
Mn04- Calb. Slope: 0.046 STOCK NA DF: NA CONC: Cone (ppm):
Calibration I)ale: 5/5/98

pHDat
KMn04 Initial Aliquot Final Final mg Mn04 Cum. Cum mg Mn04-

Reactor Added Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg MnO<l in Aliquot pH
No. (mg) (mg/L) (mg/L) DF (mg/L) in Interval Consumec per mL GW

3 0 0 NA NA 10197 0 0 0.00 0 8.38

3 5280 10197 12.4 801 9932 103 103 0.26 99.3 6.67

3 5280 9932 25.4 401 10185 -96 7 0.02 203.7 6.38

3 5280 10185 24.7 401 9905 101 108 0.27 99.0 6.71

3 5280 9905 25.4 401 10185 -98 10 0.02 101.9 6.62

3 5280 10185 25.3 401 10145 14 23 0.06 101.5 6.73

3 5280 10145 24.9 401 9985 53 76 0.19 99.8 6.59

3 5280 9985 25.4 401 10185 -64 12 0.03 101.9 6.86

4 0 0 NA NA 10197 0 0 0.00 0 8.36

4 5280 10197 12.4 801 9932 103 103 0.26 99.3 6.61

4 5280 9932 25.1 401 10065 -50 53 0.13 100.7 6.32

4 5280 10065 25.2 401 10105 -15 38 0.09 202.1 6.71

4 5280 10105 25.8 401 10346 -84 -46 -0.12 103.5 6.6

4 5280 10346 25.3 401 10145 68 22 0.05 I0I.5 6.72

4 5280 10145 25.1 401 10065 26 48 0.12 100.7 6.61

4 5280 10065 25.2 401 10105 -13 35 0.09 101.1 6.73

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R4 For additional comments, RMAL Labortory Research Book

ORNL Extract Flag Hexane Aqueous Aqueous Fla Aq. mgTCE Cum. % of Init A % of Total Cum % mg TCE
Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (PPb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

3 1326 101,352 3.09 2.83 110,587 0.0 0.0% 0.0% 0.0% 1.11
Steven Robert Cline:

ND, BUT ENURED AS 1 PPB FOR3 1340 0 3.15 3.31 43.1 97.5% 97.5% 97.5% 0.00

3 1354 0 3.07 3.01 43.1 0.0% 0.0% 97.5% 0.00

3 1368 0 3.03 3.27 0.00 0.0 43.1 0.0% 0.0% 97.5% 0.00

0.003 1382 0 3.05 3.22 0.00 0.0 43.1 0.0% 0.0% 97.5%1
3 1396 0 3.07 3.26 0.00 0.0 43.1 0.0% 0.0% 97.5% 0.00

3 1410 0 3.08 2.93 0.00 0.0 43.1 0.0% 0.0% 97.5% 0.00

3 1424 0 3.12 2.93 0.00 0.0 43.1 0.0% 0.0% 97.5% 0.00

4 1327 102,991 3.09 2.95 108,200 1.00 0.0 0.0 0.0% 0.0% 0.0% 1.08

4 1341 0 3.14 3.50 0.00 42.2 42.2 97.5% 97.5% 97.5% 0.00

4 1355 0 3.12 3.09 0.00 0.0 42.2 0.0% 0.0% 97.5% 0.00

4 1369 0 3.02 2.62 0.00 0.0 42.2 0.0% 0.0% 97.5% 0.00

4 1383 0 3.06 3.31 0.00 0.0 42.2 0.0% 0.0% 97.5% 0.00

4 1397 0 3.05 3.03 0.00 0.0 42.2 0.0% 0.0% 97.5% 0.00

4 1411 0 3.07 3.28 0.00 0.0 42.2 0.0% 0.0% 97.5%

97.5%

0.00

0.004 1425 0 3.12 3.31 0.00 0.0 42.2 0.0% 0.0%

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation atthe INEEL TAN Site

Exp. 4b-R4 For additional comments, RMAL Labortory Research Book

ata
.-,-,. .;..... -

RXN Volume Solid vol (mL) Cum Actual Actual
Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio
5 6/24/98 8:45 0.0 4B-R4-T0-5 400 GW Only 0.0 10 10 400.0 NA
5 6/24/98 9:15 0.5 4B-R4-T30MIN-5 400 GW Only 0 10 20 390.0 NA
5 6/24/98 10:45 2.0 4B-R4-T2HR-5 400 GW Only 0 10 30 380.0 NA
5 6/24/98 12:45 4.0 4B-R4-T4HR-5 400 GW Only 0 10 40 370.0 NA
5 6/24/98 14:45 6.0 4B-R4-T6HR-5A 400 GW Only 0 20 60 360.0 NA
5 6/25/98 7:02 22.3 4B-R4-T20HR-5 400 GW Only 0 10 70 340.0 NA
5 6/25/98 8:45 24.0 4B-R4-T24HR-5 400 GW Only 0 10 80 330.0 NA
5 8/3/98 9:05 96.0 4B-R4-T96HR-5 400 GW Only 0 10 90 320.0 NA
6 6/24/98 8:45 0.0 4B-R4-T0-6 400 GW Only 0.0 10 10 400.0 NA
6 6/24/98 9:15 0.5 4B-R4-T30MIN-6 400 GW Only 0 10 20 390.0 NA
6 6/24/98 10:45 2.0 4B-R4-T2HR-6 400 GW Only 0 10 30 380.0 NA
6 6/24/98 12:45 4.0 4B-R4-T4HR-6 400 GW Only 0 10 40 370.0 NA
6 6/24/98 14:45 6.0 4B-R4-T6HR-6 400 GW Only 0 10 50 360.0 NA
6 6/25/98 7:02 22.3 4B-R4-T20HR-6A 400 GW Only 0 20 70 350.0 NA
6 6/25/98 8:45 24.0 4B-R4-T24HR-6 400 GW Only 0 10 80 330.0 NA
6 8/3/98 9:05 96.0 4B-R4-T96HR-6 400 GW Only o 10 90 320.0 NA

Prepared by: S.R. Cline
LastUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. |4b-R4 Foradditional comments, RMAL LabortorvResearch Book
Mn04- Calb. Slope: 0.046 STOCK NA DF: NA CONC:
Calibration Date: 5/5/98

mg MnO<
pH Dat>j2JGssgy>i!K -.•••

KMn04 Initial Final
_..,...*.„,„-.,,,.., . .:•* .+i~..A;-^.

Aliquot rinal Cum. Cum mg Mn04-
Reactor Added Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliauot pH

No. (mg) (mg/L) (mg/L) DF (mg/L) in Interva Consumec per mL GW
5 0 0 NA NA 30899 0 0 0.00 0 8 39
5 16000 30899 34.6 801 27715 1242 1242 3.10 277.1 7
5 16000 27715 37.6 801 30118 -913 329 0.82 301.2 6.85
5

5

16000 30118 38.0 801 30438 -119 210 0.53 304.4 7.19
16000 30438 38.6 801 30919 -173 37 0.09 618.4 7.1

5 16000 30919 37.0 801 29637 436 473 1.18 296.4 7.3
5 16000 29637 38.1 801 30518 -291 182 0.46 305.2 7.13
5 16000 30518 37.4 801 29957 179 362 0.90 299.6 7.35
6 0 0 NA NA 30899 0 0 0.00 0 8.4
6 16000 30899 35.4 801 28355 992 992 2.48 283.6 7.03
6 16000 28355 37.7 801 30198 -700 292 0.73 302.0 6.92
6

6

16000 30198 37.7 801 30198 0 292 0.73 302.0 7.22
16000 30198 38.6 801 30919 -260 32 0.08 309.2 7.19

6 16000 30919 38.0 801 30438 168 201 0.50 608.8 7.32
6 16000 30438 38.1 801 30518 -26 174 0.44 305.2 7.19

6 16000 30518 37.9 801 30358 51 225 0.56 303.6 7.41

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation of InSitu Chemical Oxidation as aTechnology for Groundwater Remediation attheINEEL TANSite

Exp. 4b-R4 For additional comments, RMALLabortory ResearchBook 1 1

ORNL Extract Flag Hexane Aqueous Aqueous Fla Aq. mgTCE Cum. % of Init A % of Total Cum% mgTCE
Reactor GCD Cone. Volume Volume Cone. C/Co Oxidized mg TCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No.

5

(PPb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized
1328 109.939 3.08 3.17 107.035 1.00 0.0 0.0 0.0% 0.0% 0.0% 1 07

5 1342 0 3.12 3.23
J \ 0.00 41.7 41.7 97.5% 97.5% 97.5% 0.00

5 1356 0 3.11 3.27 \ 0.00 0.0 41.7 0.0% 0.0% 97.5% 0.00
5 1370 0 3.05 3.34 Steven Robert Cline: 41.7 0.0% 0.0% 97.5% 0.00
5 1384 0 3.05 2.83 41.7 0.0% 0.0% 97.5% 0.00
5 1398 0 3.06 3.35 0.00 0.0 41.7 0.0% 0.0% 97.5% 0.00
5 1412 0 \ 3.07 3.19 0.00 0.0 41.7 0.0% 0.0% 97.5% 0.00
5 1426 0 3.10 3.05 0.00 0.0 41.7 0.0% 0.0% r~ 97.5% 0.00
6 1329 117,695 3.10 3.55 102,897 1.00 0.0 0.0 0.0% 0.0% 0.0% 1.03
6 1343 0 3.12 3.36 0.00 40.1 40.1 97.5% 97.5% 97.5% 0.00
6 1357 0 3.11 3.30 0.00 0.0 40.1 0.0% 0.0% 97.5% 0.00
6 1371 0 3.05 3.32 0.00 0.0 40.1 0.0% 0.0% 97.5% 0.00
6 1385 0 3.05 3.66 0.00 0.0 40.1 0.0% 0.0% 97.5% 0.00
6 1399 0 3.07 3.02 0.00 0.0 40.1 0.0% 0.0% 97.5% 0.00

6
1413 0 3.06 3.28 0.00 0.0 40.1 0.0% 0.0% 97.5% 0.00

6 1427 0 3.10 3.70 0.00 0.0 40.1 0.0% o:o% 97.5% 0.00

Prepared by: S.R. Cline
LastUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation attheINEEL TAN Site

Experiment: 4b-R5 Foradditional comments, see Laboratory Notebook B000025
Solid Media

NONE

Initial TCE (ppb)
100,000

Co-Contaminant?

YES @ lOppm
Mn04- Cones. (%)
0.01 &0.1

Experiment Start Date: 8/26/98

Comments:

See general procedure onpages95-97 in thelaboratory Notebook.

Sequence stopped for approx 38 hrs (immediately before GC sample 1871)

SPIKE SOLUTION PREPARATION
Volume GW in Tediar

Pure TCE ADDED

Predicted Spike Cone:

3.08 liters

0.2 mL

291200 ug
94563 ppb TCE

Also added25uL ofeachcontaminant for approx init cone of10,000 ppbeach.
GC Analysis of Spike Solution
OHNL Sample Extract Flag Hexane Aqueous Aqueous
GC# Name Cone. Volume Volume Cone.

(ppb) (mL) (mL) (PPb)
1861b 4b-R5-tb-a 1,1 DCE: 1956 4.95 5.53 1,749
1862b 4b-R5-tb-b 2038 4.99 5.09 1,995
1861b 4b-R5-tb-a Trans-1,2DCE: 3672.57 4.95 5.53 3,284
1862b 4b-R5-tb-b 3784.27 4.99 5.09 3,706
1861b 4b-R5-tb-a Cis-1,2DCE: 7555.39 4.95 5.53 6,756
1862b 4b-R5-tb-b 5325.27 4.99 5.09 5,215

1861 4b-R5-tb-a T(JE: 19773.91 4.95 5.53 17,682
! 1862 4b-H5-tb-b 20339.63 4.59 5.69 19,920

Prepared by: S.R. Cline

Pages: 115-119

LastUpdated: 10/22/98
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LaboratoryEvaluation of InSllu ChemicalOxidationas aTechnologyforGroundwaterRemediation at the INEELTAN Site

Exp. |4h-R5 Fur additional comments. sec Laboratory Notebook B0OOO25
MrrfU. CalK. Skifv: 0.022 STTXTKSOLNABS- O.S22 OF: IISA7 C«nc (ppm): .1IWJII.4!

Calihration Dale: 6/irm

Final Final

pHData

Volume Initial Final mgMnO* Cum.

...^ .. .' .-V,.^,. • -t

Cum [iinjroii

Reactor Stuck M( Mn04- Mn04- Spec Mn04- Consume mgMnCK mgMnO* in Aliquot PH

Nn. Added(m (tng/L) ABS DF (mg/L) in Interval Consumer pcrmLGW

0 0 0.004 1 NA NA NA NA NA 865

0 0 0.003 1 NA NA NA NA NA 8.48

0 0 0.004 1 NA NA NA NA NA 8.46

(I 0 0.0O4 1 NA NA NA NA NA 844

0 0 0.005 1 NA NA NA NA NA 846

(I 0 0.003 1 NA NA NA NA NA 844

(1 0 0.003 1 NA NA NA NA NA 846

2 0 0 0.003 1 NA NA NA NA NA 85

2 0 0 0.004 1 NA NA NA NA NA 85

2 0 0 0.003 1 NA NA NA NA NA 846

2 0 0 0.003 1 NA NA NA NA NA 8.45

2 0 0 0.005 1 NA NA NA NA NA 8.46

2 0 0 0.004 1 NA NA NA NA NA 844

2 0 0 0.004 1 NA NA NA NA NA 846

Preparedhy: S.R. Clinc LaslUpdatcd: 10/2.WX
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R3 For additional comments, sec Laboratory Notebook B00OO25

ORNL l-IDCE Flag ORNL TransD Flag ORNL CisDCI Flag ORNL TCE Flai Hexane AquCOUS TCE

Aqueous

Flaj Aq

C/Co

mgTCE

Oxidi/cd

Cum.

mgTCE
*J. of Init /

TCE Oxid

% or Total

TCE Oxid

Cum 9.

Total TCE

mgTCE
in Aiiquol

lililaltMljWiiTWIiUJIjWWlWilJMrirT

Reactor GC» Extract GC« Extract OCD Extract GCI Extract Volume Volume Aqueous Aqueous Aqueous
No. (ppb) (ppm (PPb) (ppb) (mL) (mL) (ppb) (prh) (ppb) (ppb) in Interval Oxidi/cd In Interval In Interval Oxidized

1863b 3.837 1863b 3.837 1863b 5.738 1863 22.345 2.94 3.40 3.320 3,320 4.966 19.339 NA NA NA NA NA NA 0.14

-f- 1870b 1,891 1870b 3,681 1870b 7.858 1870 23.424 3.00 3.32 1,713 3,334 7.117 21.213 NA NA NA NA NA NA 0.15

1877b 1,239 1877b 2,755 1877b 7,505 1877 23.229 2.80 322 1.078 2,398 6,532 20,219 NA NA NA NA NA NA 0.15

1884b 1884b 1884b 1684 21.947 2.97 3.08 21,147 NA NA NA NA NA NA 0.16

1891b 1,805 1891b 3.598 1891b 4.854 1891 22,076 2.98 3.07 1,751 3,491 4,710 21,421 NA NA NA NA NA NA 0.16

1698b 1,748 1698b 3.546 1898b 5.029 1898 20,341 2.99 3.16 1,656 3,362 4,766 19.277 NA NA NA NA NA NA 0.14

1905b 1,763 1905b 3,697 1905b 5.198 1905 23.039 296 3.20 1,628 3.414 4,800 21,276 NA NA NA NA NA NA 0.16

NA2 1865b 2.128 1865b 3.945 1865b 5,523 1665 23.281 299 3.43 1,854 3,437 4.812 20,286 NA NA NA NA NA 0.14

2 1871b 1.850 1871b 3.588 1871b 4,993 1871 22,654 3.00 3.18 1,747 3.389 4.715 21,396 NA NA NA NA NA NA 0.15

2 1678b 1.781 1878b 3.489 1878b 5,063 1878 22.170 2.98 3.16 1.683 3,297 4,784 20.951 NA NA NA NA NA NA 0.16

2 1885b 1885b 1685b 1885 23,230 2.99 3.26 21,306 NA NA NA NA NA NA 0.15

0.152 1892b 1.705 1892b 3.717 1892b 5,783 1892 22,023 2.97 3.18 1.590 3.467 5.393 20.541 NA NA NA NA NA NA

2

2

1899b 1,837 1899b 3.811 1899b 6,468 1899 24,147 2.97 3.28 1.660 3.443 4.940 21.815 NA NA NA NA NA NA 0.16

1906b 1,697 1906b 3.509 1906b 7.348 1906 22.519 2.91 3.08 1,604 3,317 6.947 21.289 NA NA NA NA NA NA 0.16

Prepared by: S.R. Clinc LaMUpdated: 10/2.W8
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LaboratoryEvaluation of In Situ Chemical Oxidationasa Technology forGroundwaterRemediation at the INEELTAN Site

Exp. 4h R5 For addilional comments, sec Laboratory Notebook BUO0025
j

RXN Volume Solid vol (mL) Cum Actual Actual
Reactor Sample Time Sample OWUscd Media Mass aqueous Aliquot Vol at L/S

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio
8727/98 11:04 0.0 4brS-t0-3 500.36 GWOnly 0.0 7.15 7.15 500.4 NA

8/27/9811:39 0.6 4b-rS-t30mln-3 500.36 GW Only 0 6.9 14.05 494.5 NA

8/27/98 12:32 1.5 4b-r5-l1.5h-3a 500.36 GW Only 0 6.75 20.8 487.6 NA

8/27/98 14:04 3.0 4b-r5l3h-3 500.36 GW Only 0 6.93 27.73 480.8 NA
8/27/98 18:02 5.0 4b-r5-l5h-3 500.36 GW Only 0 6.85 34.58 473.9 NA

8/28/98 8:12 21.1 4b-rSI20h-3 500.36 OW Only 0 6.59 41.17 467.0 NA
8/28/98 11:07 24.0 4br5-t24h-3 500.36 GW Only 0 6.67 47.84 460.4 NA

8/27/98 11:05 0.0 4br5t0-4 498.71 GW Only 0.0 7.21 7.21 498.7 NA

8/27/98 11:40 0.6 4b-rSI30mln-4 498.71 GW Only 0 7.17 14.38 492.8 NA

8/27/96 12:34 1.5 4brStt.5h4 498.71 GW Only 0 7.45 21.83 485.6 NA

8/27/98 14:05 3.0 4brSt3h4a 498.71 GW Only 0 7.38 29.21 478.1 NA

8/27/98 16:03 5.0 4b-l5-l5h-4 498.71 GW Only 0 7.4 3661 470.6 NA

6728/98 8:13 21.1 4b-lS-t20h-4 498.71 GW Only 0 7.02 43.63 4634 NA

8/28/98 11:08 24.0 4br5t24h-4 498.71 GW Only 0 7.44 51.07 456.3 NA

Prepared by:S.R.Clinc
LastUpdatcd: K1/2.W8
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Laboratory Evaluationof In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. |4h-R5 For additional comments. sec Laboratory Notebook B0O0O25
MnOt- CalK Slope: 0.022 STOCK SOLN ABS: 0.522 DF: 1667 Cone (ppm): 38981.43

Calihratiun Dale: 6710798

Volume Initial Final Final Final mg Mnf> Cum. Cum mg Mn04-
Reactor Slock Mi Mn04- Mn04- Spec Mn04- Consumer! mg MnC" mgMnCV in Aliquot PH

No. Added (in (mg/L) ABS DF (mg/L) in Interval Consumer per mL GW

0 0.0 0.003 1 98.5 0 0 0.00 0 8.51

1.25 98.5 0.307 5 68.8 15 15 0.03 0.5 7.63

1.25 68.8 0.246 5 55.1 7 21 0.04 0.4 7.57

1.25 55.1 0.218 5 48.8 3 24 0.05 0.3 7.47

1.25 48.8 0.19 5 42.6 3 27 0.05 0.3 7.64

1.25 42 6 0.404 2 .16.2 3 30 0.06 0.2 7.49

1.25 36.2 0.406 2 36.4 0 30 0.06 0.2 7.53

4 0 0.0 0.003 1 98.9 0 0 0.00 0 8.5

4 1.25 98.9 0.323 5 72.4 13 13 0.03 0.5 7.5

4 1.25 72.4 0.26 5 58.2 7 20 0.04 0.4 7.35

4 1.25 58.2 0.218 5 48.8 4 24 0.05 0.4 7.3

4 1.25 48.8 0.199 5 44.6 2 26 0.05 0.3 7.38

4 1.25 44.6 0.426 2 38.2 3 29 0.06 0.3 7.33

4 1.25 38.2 0.43 2 38.5 0 29 0.06 0.3 7.36

Prepared by: S.R. Clinc
LaslUpdatcd: 10/23/98
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Laboratory Evaluation or InSituChemical Oxidation asaTechnology (orGroundwater Remediation at theINEEL TANSite

Exp. 4h-R5 Fnradditional comment!., secLahorainty Notebook B0O0O25

Fl«| TCE Fly Ai|. mjTCE Cum. * rif Init A

—

ORNL BEa&ilJiaaiHnEffiGE'EiM E!y TrinsDCE F1«l CisDCE *<if Tola
RcaUiir

Nn.

GCf txiraci oc» Extract GCf Extract GC# Extract Volume Vnlume Aqucoui Aqueous Aqueous Aqueous
—

C/Co

.B66b~
(ppb) (pph) Ippb) ImL) (n.U Ipph) (p|*> (PI*) (rr*» in Interval Oxidi *cd In Interval

1866b 3.849 1866b 5,523 1866 23.382 2.98 3.28 1.891 3,500 5,022 21,263 1.00 00 0.0 0.0** 00* 0.0* 0.15

J _1879 0 1879 0 1879 81 1879R 1,339 2.95 325

121

1
• St*VM Rabart OIimi

*D, tUX 9/TBWD AS 1 K% 74 1.216 006 0.8 y.y 7.5*

85.6*

7.5*

85.6*

9.VI*

0.02

0.01

1893 0 1893 0 1893 0 1893 199

2.99

2.96

3.29

3.11

t

i

221 0.01 0.5 10.4 4.5* 4.5'1 97.6* 0.00

191 0.01 0.0 10.4 0.1*

-f 1907 -34 U

0 1900 78 2.99 3.15 •23 u 1 74
—

0.00 0.1 10.4 0.5* __w.2<x o.oo
0 1907 190 2.90 3.33 -30 u 1 165 0.01 0.0 10.4 •0.4 •i •0.4 'X

-j— T867b 1,794 1867b 3.496 - 1867b 7,577 -298 3.31 1.618 3.154 6,836 22.098 1.00 00 0.0 0.16

-4—
0 1874 514

84

1874 2,692 2.99 3.29 98 1 466 2.450 0.11 V.7 y.7 87.R'i K7 8*

--

1861 ieeiH 1.286 2.98 3.12 1 1 80 1.230 006 0.6 10.1 V4'J
0 1887 0 1887 393 2.98 329 1 1 1 357 002 0.4 10.7 .V8*

1894 0 1894 0 1894 167 2.97 325 1 1 1 153 0 01 0.1 I0.fi 0.9'*
1901 0 1901

1908

0 1901 0 1901 16 2.97 327 1 1 1 15 0.00 0.1 I0.V 0.00
-38 u 0

-

1908 0 1906 26 291 3.05 •36 u 1 1 25 000 0.0 I0.X 0.0** 0.0* 98.4*

Prepared hy: S.R. Cline
LasrUpdatcd: 10/MM
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LaboratoryEvaluationof In Situ ChemicalOxidationas a Technology forGroundwater Remediation at the INEELTAN Site

Exp. 4b-R5 For additional comments, sec Laboratory Notebook B0OO025
1

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GWUscd Media Mass aqueous Aliquot Vol at US

No. Time (hrs) Name (mL) Type (grams) aliquol Vol (mL) Sampling Ratio

5 8/27/98 11:06 0.0 4b-r5-t0-5 506.82 GW Only 0.0 6.99 6.99 506.8 NA

5 8/27/98 11:41 0.6 4b-rS-t30min-5 506.82 GW Only 0 7.28 14.27 512.3 NA

5 8/27/98 12:35 1.5 4b-r5-t1.5h-5 506.82 GW Only 0 7.23 21.5 505.1 NA

5 8/27/98 14:07 3.0 4b-r5-t3h-5 506.82 GW Only 0 7.25 28.75 497.8 NA

5 8/27/98 16:04 5.0 4b-'5-t5h-5a 506.82 GW Only 0 7.3 36.05 490.6 NA

5 8/28/98 8:14 21.1 4b-r5t20h5 506.82 GW Only 0 7.11 43.16 483.3 NA

5 8/28/98 11:09 24.0 4b-r5-t24h-5a 506.82 GW Only 0 7 50.36 476.2 NA

6 8/27/98 11:07 0.0 4b-r5-l0-6 501.33 GW Only 0.0 7.18 7.18 501.3 NA

6 8/27/98 11:42 0.6 4h-rS-i30min-6 501.33 GW Only 0 7.09 14.27 506.7 NA

6 8/27/98 12:36 1.5 4b-r5-t1.5h-6 501.33 GW Only 0 7.43 21.7 499.6 NA

6 8/27/98 14:08 3.0 4b-tS-l3h-6 501.33 GWOnly^ 0 7.38 29.08 492.1 NA

6 8/27/98 16:06 5.0 4b-r5-t5h-6 501.33 GW Only 0 7.49 36.57 484.8 NA

6

6

8/28/98 8:15 21.1 4b-r5-t20h-6a 501.33 GW Only 0 7.1 43.67 477.3 NA

8/28/9811:11 24.1 4b-r5-t24h-6 501.33 GW Only 0 7.31 50.98 470.2 NA

Preparedhy: S.R. Clio LastUpdatcd: 10/23/98
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Laboratory Evaluationof In Situ Chemical Oxidation as a Technology for Groundwater Remediationat the INEEL TAN Site

Exp. |4b-R5 For additional comments. sec Laboratory Notebook BOO0O25
Mn(M- Cain. Slope: 0.022 STICK SOLN ABS: 0 522 DF: 1667 Cone (ppm): J898I «

Calibration Date: 6/IOrV8 1

Volume Initial Final Final Final mg MnO<Cum. Cum mg Mn04-

Reactor Stock Mi Mn04- Mn04- Spec Mn04- Consume^ mg MnO< mg MnO* in Aliquot pH
No. Added(n) (mg/L) ABS DF (mg/L) in Interval Consumer per mL GW

5 0 0.0 0.004 1 951.1 0 0 0.00 0 8.5

5 12.5 951.1 0.368 50 824.4 65 65 0.13 6.0 7.2

5 12.5 824.4 0.373 50 835.6 •6 59 0.12 6.0 7.22

5 12.5 835.6 0.37 50 828.9 3 63 0.12 6.0 7.17

5 12.5 828.9 0.36 50 806.5 11 74 0.15 5.9 7.13

5 12.5 806.5 0.373 50 835.6 -14 59 0.12 5.9 7.2

5 12.5 835.6 0.372 50 833.4 1 61 0.12 6.0 7.27

6 0 0.0 0.004 1 961.7 0 0 0.00 0 8.5

6 12.5 961.7 0.390 50 873.7 45 45 0.09 6.2 7.09

6 12.5 873.7 0.404 50 905.1 -16 29 0.06 6.7 7.14

6 12.5 905.1 0.400 50 896.1 4 33 0.07 6.6 7.08

6 12.5 896.1 0.399 50 893.9 1 34 0.07 6.7 7.07

6 12.5 893.9 0.395 50 884.9 4 39 0.08 6.3 7.12

6 12.5 884.9 0.397 50 889.4 -2 37 0.07 6.5 7.13

Prepared by: S.R. Clinc LastUpdatcd: 10/23/98
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Laboratory Evaluation of InSitu Chemical Oxidation asaTechnology forGroundwater Remediation at the INEELTAN Site

Exp. 4bR5 Pur additional comments, see Laboratory Notebook B000025 1

1

CiiDCE

Aqueous
0*1 TCE

Aquciius

FlijtiTOIMi.lVil.lrff'llill'1".!! "1 ••rriTITBIW!IMI1.!IWfMfl!ira,JllsrTirfW,U».«(J ITii Aq. mgTCE Cum. **• of Init / **• of Total Cum1* mgTCE

Reactor GC* Exit act GC* Extract ecu Extract GC# Extract Volume Volume Aqucou* [Aijueous C/Co Oxidized mgTCE TCE Oxid TCE Oxid Total TCE in Aliquot

No. (pph) (ppb) [pphl tppbl (mL) (mL) (rpto <n*> (rt*> (ppb) in Interval Oxidized

1868 34,157 2.98 3.35 1.705 Id-1- -2IH! L—^962 30.412 1.00 0.0 0.0 0.0** 0.0<* 0.0'* 0.21

5 1875 0 1875 0 1875 0 1875 66 3.00 3.26 'CeUTBOBUSASI - 1
60 0.00 15.6 15.6 100.9** I00.V% 100.9* 0.00

5

1

0 1882 0 1682 0 1882 14 2.97 326 £ 1 1 13 0.00 0.0 15.6 0.2'*

1889 0 1B89 0 1889 0 1889 7 U 2.98 336 1 1 7 U 000 0.0 15.6 0.0'* 0.0'* 101.1'* 0.00

0.00
5 1895 0 1895 0 1895 0 1895 6 O 2.98 3.34 1 1 6 U 0 00

5 1902 0 1902 0 1902 0 1902 3 U 297 3.26 1 1 3 u 000 0.0 15.6 0.0'* (MIX 101.1** 0.00

5 1909 0 1909 0 1909 0 1909 4 U 2.91 3.28 1 1 4 u 0.00

IS 1,941 1869b 3.817 1869b 7,891 1869 33.023 2.97 3.21 1.797 3.534 7,306 30.576 too 0.0 0.0 0.0'* 0.0'*

IS 1876 0 1876 0 1876 0 1876 76 2.99 3.21 1 1 71 0.00 15.5 15.5 100.8'* I00.8W- l(X>.K<* 0.00

IS 1883 0 1883 0 1883 0 1883 8 U 2.83 333 1 1 u

6 1890 0 1890 0 1890 0 1890 6 U 2.98 2.39 1 1 8 u 000 0.0 15.5

1897 •9 1897 "b1 1897 0 1897 3 U 297 3.34 1 1 2 u 0.00 0.0

1903 0 1903 0 \<m 0 1903 3 II 2.98 325 1 1 3 u 0.00 0.0 155

IS 1911 0 1911 0 1911 0 1911 2 U 2.91 3.16 1 1 2 u 0.00 0.0 15.5 0.09 om ioi. i** 0.00

Prepared hy: S.R. Clinc LaslUfHlaled: t072.1rVR
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Exp. 4hR5 For additionalcommcnl...sec LabnralnryNotebookB00OO25 i
MrttM-C-JrvSki*; 00H STUCK SOU-ABS: 0.J2I DF; 1M C.mMrrm: 1H9I14*!
Calihnthn Due: WHWS

Sample Data
RXN Volume Solid vol(mL] Cum Actual Initial

Rem-in

_____

Sample Time Sample GW Used Media Mas* aqueou Aliquot Vol 81 L/S Slock Mr MnCH- Mn04- Srtcc Mn04- pH
Time

8/27/98 11:02

(hrs)

limpjej
0.0

Nanic |(mL) lTyfg ^,_,LKEn"ns* lal".uo' |Vo*(ml) Samplinj Ratio AddcdO iimmmmfamtma

4b -5-KMb 1 492.3- GWOnly 0 7.211 NA NA NA 0 NA 0003 1 NA
01 4b-r5-t30mfr.-2 499.6! GW Only < 7.11 NA NA NA 0 NA

y fl/27/98 12:33 1.6 4b-fS-l1.5h-3b 500.36 GWOnly 0 7.3H NA NA NA 1.25 NA 0256 5 57.4 7.43
4 8/27/98 14:06 3.0 4b-r5-t3h-4b 49X71 GW Only 0 7.32 NA NA NA 125 NA 022 5 4«.1 725
5 8/27/98 16:05 5.0 4b-r5-l5h-5b 506. K2 GW Only 0 7.31 NA NA NA 12.5 NA 0.397 50 8X9.4 7.1

8/28/98 6:16 21.2 4b-r5 _0h-6b 501.33 GW Only 0 7.1; NA NA NA 12.! NA 0.398 5( 891.* 7.1
r./2rWK 1I:H 24.1 4h-.5-l24h-5h 506.82 GW Only ( ', NA NA NA 12' NA 0.39! 50

WW
1 NOT EXTRACTED

NOT EXTRACTED

HSU

2

NOT EXTRACTED

4

5

NOT EXTRACTED

NOT EXTRACTED

NOT EXTRACTED

1 " 8/28/99 11:12
mm wmmm

4b-RS-char-1a
mm*

Charcoal NA
mm wm mm%$_f

na" NA NA NA NA" ' ' NT
8/28/98 11:12 4b-R5-char-1b Charcoal NA NA NA NA NA NA NT

2 H/28/V8 11:1.1 4b-R5-char-2a Charcoal NA NA NA NA NA NA NT
2 X/2K/VS I It. 4bR5-char-2b Charcoal NA NA NA NA NA NA NT

.1 8/28/98 11:14 4b-R5-cha.-3a Charcoal NA NA NA NA NA NA NT
jl K/IKAIX 11:14 4b-R5-char-3b Charcoal NA NA NA NA NA NA NT

4 8/28/98 11:15 4b-RS-ehar-1a Charcoal NA NA NA NA NA NA NT
4 8/2X/VH 11:15 4bR5-chaMb Charcoal NA NA NA NA NA NA NT

_______

5

S/iit/vxlirir.
tV__"98(1:16

—

4r>R5char-5a

4b-R5char-5b

Charcoal NA NA NA NA NA NA NT

Charcoal NA NA NA NA NA NA

6 8/28/98 11:17 4b-R5-char-6a Charcoal NA NA NA NA NA NA NT
6 R/28/VH 11:17 4b-R5-Char-6b Charcoal NA NA NA NA NA NA NT

Additional Oxidant Inromution

niu- MMM- nil Load Ctinsumcd Consumed

nu-k m,|

ng/mL
>r mg <_"l=24 hrs

mg/mL or
mg/g

AVG

mg/g)
i no 0.000 NA NA NA

2 o.n 0.000 NA NA NA

3 4X.7 0.10 30.7 006

4

5

4K.7 1)10 29.7 O.IVfi 0.06

4K7.3 0.95 603 0.12

6 487.J 0.96 .16.7 0.07 0.10

Prepared by: S.R. Clinc
LauUp-lalcd: II/.V9K
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Prepared hy: S.R. Clinc

LaoUpdaicd: I t/.l/UR
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Laboratory Evaluation of In Situ Chemical Oxidation asaTechnology for Groundwater Remediation at the INEELTAN Site

For additionalcomments, see LaboratoryNotebookB00OO25Experiment: 4b-R6
Solid Media

NONE

Initial TCE (ppb)
100,000

Co-Contaminant?

YES @ lOppm
Mn04- Cones. (%)
1 &3

Experiment Start Date: 8/31/98

Comments:

bigger t=0 values for latterflasks may be due to TCE not Insolution duringdist. From tediarbag

SPIKE SOLUTION PREPARATION

Volume GW in Tediar

Pure TCE

Predicted Spike Cone:

2.99 liters

0.2 mL

291200 ug

97391 ppb

GC Analysis o( Spike Solution
ORNL Sample Extract Flag Hexane Aqueous Aqueous

GCir Name Cone. 9/1/98 11:10 Volume Volume Cone.

(PPb) 9/1/9811:10 (mL) (mL) (PPb)

1924 4b-R6-tb-a 1,1 DCE: 16585 4.48 4.84 15,338

1925 4b-R6-tb-b 18329 4.60 5.28 15,965

1924 4b-R6-tb-a Trans-1,2DCE: 18060.24 4.48 4.84 16,702

1925 4b-R6-tb-b 19320.30 4.60 5.28 16,829

1924 4b-R6-tb-a Cls-1,2DCE: 11212.25 4.48 4.84 10,369

1925 4b-R6-tb-b 13609.59 4.60 5.28 11,855

1924 4b-R6-tb-a TCE: 12084.78 4.48 4.84 11,176

1925 4b-R6-tb-b 19127.57 4.66 5.26 11,435

Prepared by: S.R. Cline

Pages: 120-124

LastUpdated: 10/22/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation atthe INEEL TAN Site

Exp. 4b-R6 For additional comments, see Laboratory Notebook B0OOO25

Sample Data ;
v.-;,, ._. ...... ._

RXN Volume Solid vol (mL) Cum Actual Actual
Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio
9/1/98 11:14 0.0 4b-r6-l0-1a 489.49 GW Only 0.0 7.1 7.1 489.5 NA
9/1/98 11:40 0.4 4b-r6-t30min-1 489.49 GW Only 0 7.04 14.14 482.4 NA

' 9/1/98 12:37j 1.4 4b-r6-t1.5h-1 489.49 GW Only 0 7.09 21.23 475.4 NA
9/1/98 14:00 2.8 4b-r6-t3h-1 489.49 GW Only 0 7.03 28.26 468.3 NA
9/1/98 16:07 4.9 4b-r6-t5h-1 489.49 GW Only 0 7.1 35.36 461.2 NA

9/2/98 9:15 22.0 4b-r6-t20h-1 489.49 GW Only 0 7.11 42.47 454.1 NA
9/2/98 11:04 23.8 4b-r6-t24h-1 489.49 GW Only 0 6.96 49.43 447.0 NA

2 9/1/98 11:16 0.0 4b-r6-t0-2 485.07 GW Only 0.0 7.22 7.22 485.1 NA
2 9/1/98 11:41 0.4 4b-r6-t30mln-2a 485.07 GW Only 0 6.98 14.2 477.9 NA
2 9/1/98 12:38 1.4 4b-r6-t1.5h-2 485.07 GW Only 0 7.13 21.33 470.9 NA
2 9/1/98 14:01 2.7 4b-r6-t3h-2 485.07 GW Only 0 7.07 28.4 463.7 NA
2 9/1/98 16:07 4.8 4b-r6-t5h-2 485.07 GW Only 0 7.07 35.47 456.7 NA
2 9/2/98 9:16 22.0 4b-r6-t20h-2 485.07 GW Only 0 7.18 42.65 449.6 NA
2 9/2/98 11:05 23.8 4b-r6-t24h-2 485.07 GW Only 0 7.12 49.77 442.4 NA

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation ofInSitu Chemical Oxidation as aTechnology for Groundwater Remediation atthe INEEL TAN Site

Exp. |4b-R6 For additional comments, see Laboratory Notebook B000025
Mn04- Calb. Slope: 0.022 STOCK SOLN ABS: NA DF: NA Cone (ppm):

Calibration Date: 6/10 98

Final Final

pHDat

KMn04 Initial Final mg Mn04 Cum. Cum mg Mn04-

Reactor Added Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot pH

No. (mg) (mg/L) ABS DF (mg/L) in Interval Consumec per mL GW

0 0 NA NA NA NA NA NA NA 8.42

0 0 NA NA NA NA NA NA NA 8.43

0 0 NA NA NA NA NA NA NA 8.37

0 0 NA NA NA NA NA NA NA 8.37

0 0 NA NA NA NA NA NA NA 8.37

0 0 NA NA NA NA NA NA NA 8.42

0 0 NA NA NA NA NA NA NA 8.4

2 0 0 NA NA NA NA NA NA NA 8.42

2 0 0 NA NA NA NA NA NA NA 8.42

2 0 0 NA NA NA NA NA NA NA 8.39

2 0 0 NA NA NA NA NA NA NA 8.39

2 0 0 NA NA NA NA NA NA NA 8.38

2 0 0 NA NA NA NA NA NA NA 8.42

2 0 0 NA NA NA NA NA NA NA 8.4

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation atthe INEEL TAN Site

Exp. F»r additional cummcnn, see Laboratory N.tlehook BHMHB5

1926

1933

1934

1941

1946

1955

_L*

15.637

"*15.988

18.623

19.331

16.224

15.415

Prepared hy: S.R. Clirx

ea

15.668

11.633

18.677

18.679

18.4B7
16,957
11,790

16,564

12.3(6

1941b

1948

FUt

13,152

13,235

13.102

12,145

Ha(

12.253

12.249

11.976

12.438

2.807576

2.834848

2.928788

2.916667

2.86

2.898

Ry
Aqw«

__i
Atfjwut

hjTCE
mgTCE

Ra~

1-of Total

TCEOxidi

igTCE
in Alkjuo

0.08

0.08

0.08

0.08

0.09

_0.08
0.08

_0.08
0.08

0.08

0.09

0.08

0.08

UflUpdalcd: HV2V.R
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology Tor Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R6 Fur additional comments, sec Laboratory Notebook B(XKKI25

»'.?va ;* - ' *-;

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GWUscd Media Mass aqueous Aliquot Vol at L/S

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

3 9/1/98 11:17 0.0 4b-r6-IO-3 482.63 GW Only 0.0 7.21 7.21 482.6 NA

J 9/1/98 11:43 0.4 4b-r6-l30mln-3 482.63 GW Only 0 7.1 14.31 475.4 NA

3 9/1/98 12:39 1.4 4b-r6-t1.5h-3a 482.63 GW Only 0 6.71 21.02 468.3 NA

3 9/1/98 14:02 2.8 4b-r6-t3h-3 482.63 GWOnly 0 6.64 27.66 461.6 NA

3 9/1/98 16:09 4.9 4b-r6-l5h-3 482.63 GWOnly 0 6.57 34.23 455.0 NA

3 9/2/98 9:17 22.0 4b-r6-l20h-3 482.63 GWOnly 0 6.43 40.66 448.4 NA

3 9/2/9811:06 23.8 4b-r6-t24h-3 482.63 GWOnly 0 6.77 47.43 442.0 NA

4 9/1/9811:18 0.0 4b-r6-t0-4 490.72 GWOnly 0.0 7 7 490.7 NA

4 9/1/98 11:44 0.4 4b-r6-t30min-4 490.72 GWOnly 0 6.46 13.46 483.7 NA

4 9/1/98 12:41 1.4 4b-i6-|1.5h-4 490.72 GWOnly 0 7.33 20.79 477.3 NA

4 9/1/98 14:03 2.8 4b-r6-l3h-4a 490.72 GW Only 0 6.97 27.76 469.9 NA

4 9/1/98 16:10 4.9 4b-r6-t5h-4 490.72 GW Only 0 7.08 34.84 463.0 NA

4 9/2/98 9:18 22.0 4b-r6-t20h-4 490.72 GW Only 0 6.91 41.75 455.9 NA

4 9/2/98 11:07 23.8 4br6-l24h-4 490.72 GW Only 0 7.12 48.87 449.0 NA

Prepared by: S.R. Clinc LaslUrxlalC-: H.2OT8
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Exp. |4h-R6 Foradditionalcomments, sec Laboratory Notebook BIXXXI25
MnO-ICalh. Slope: 0.022 STOCK SOLNABS: |NA |DF: |NA Cone (ppm):
Calibration Dale: 6/1(1/98

mg Mn04-
pHDai

KMn04 Initial Final Final Final mg Mn04 Cum. Cum
Reactor Added Mn04- Mn04- Spec Mn04- Consumct mg Mn04 mg Mn04 in Aliquot pH

No. (mg) (mg/L) ABS DF <mg/L) in Interval Consumet per mL GW
3 0 0 NA NA 10462.1 0 0 O.tXI 0 8.43

3 6604 10462 0.195 5(XI 4369 2897 2897 6.(X) 31.0 7.4

3 6604 4369 0.443 500 9925 -2602 295 0.61 66.6 7.44

3 6604 9925 0.462 5(X) 10350 -196 99 0.20 68.7 7.47

3 6604 10350 0.451 51X1 10104 112 211 0.44 66.4 7.48
3 6604 10104 0.449 5(X) KXI59 20 231 0.48 64.7 7.38
3 6604 10059 0.447 51X1 11X114 20 251 0.52 67.8 7.34

4 0 0 NA NA 10290 0 0 0.1X1 0 8.43
4 6609 10290 0.217 5(X) 4861 2626 2626 5.35 31.4 7.16
4 6609 4861 0.439 SIX) 9835 -2374 252 0.51 72.1 7.21
4 6609 9835 0.457 5(X) 10238 -190 63 0.13 71.4 7.3
4 6609 10238 0.435 5(XI 9745 228 291 0.59 69.0 7.33

4 6609 9745 0.452 5(X) 10126 -174 117 0.24 70.0 7.24

4 6609 10126 0.451 51X1 10KV4 10 128 0.26 71.9 7.23

Preparedby: S.R.Cline LastUpdatcd: 1(V23»8
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bxp. JhR(, Fur-d-rlinna] comments, see LaboratoryNotebook _(X100_5

ORNL IIDCE Flat; ORNL Tr-r-DC Flag ORNL CiiDCE f>1 ORNL TCE FlagHexane Aqueous IIDCE fin TransDCE "H CIsDCE n'« TCE Flag Al|. mgTCE Cum. % of Init A » of Total Cum * me TCE
Kcuctor GC# Exuau act Extract GC( Eximli GCf Extract in Alitjuol

No. (n*) (n*> trr*> (n*> ImU (mL) (PI*) (IT*) (n*i (n*) in Interval Oxidize*! In Interval In Interval Oxi-i/ol
1929 -1.791 1929 21,428 1929b 16.559 1929 17.307 2806061 3.454 17,703 17,408 13,453 14.060 1.00 (Ml 110 till* (KM. tun 0.10
1936 0 1936 0 1936 0 1936 15 2 690909 3.306 1 u . 1 13 0.00 6.7 67 98.4* 98.4'jl. 98.4* 000

0 1942 0 1942 0 1942 9 U 2.733333 3.144 1 8 U 0.00 Oil 67 (IIM O.IM 98.5* 000
0 1949 0 1949 0 1949 9 U 2.883333 3.174 1 W.IUTMTBIEDASimtai 1 8 u 0.00 till 67 WW. otra 98.4* 0.00

1956 0 1956 0 1956 0 1956 9 U 2851515 3517 1 8 u 0.00 III) 6.7 Hint. till* 984*
1963 0 1963 0 1963 0 1963 8 U 2.930303 3207 1 1 7 u 000 III) 67 - (lira. DIM 98.5* 0.00

0 1970 0 1970 0 1970 11 U 2.907576 3.134 1 1 11 u 0.00 III) 67 o.tr* O.IH 98.4* 0.00

1930 21,365 1930 20.993 1930 17.236 1930 16.184 2.85 3.301 .18.446 18.125 14,881 13,973 1.00 tit) (III tin* on* (1.(1* 0.10

000
1937 0 1937 0 1937 0 1937 8 TT 2.821212 3.686 1 1 6 u 0.00 68 6.8 985* 985* 985*
1944 0 1944 0 1944 0 1944 2 u 2.75 2.919 1 1 2 J 0.00 1)0 68 iiim 00* 986* 000

4 1950 0 1950 0 1950 0 1950 2 u 2.884848 3.056 1 1 2 u 0.00 on 68 ti.tra no*. 98 6*

986*.

000

' aoo1957 0 1957 0 1957 0 1957 3 u 2.793939 3.179 1 1 2 u 0.00 (III 6.8 (MM. DIM
1964 0 1964 0 1964 0 1964 1 u 2925758 3.184 1 1 1 u 0.00 lit) 6.8 tut* ii.tra 98.6* 0.00
1971 0 1971 0 1971 0 1971 2 u 284697 3.173 1 1 2 u 0.00 lit) 6.8 otw (MM 98 6* 000

Prepared by: SR. Clinc
LasiUrxIalod: UV2WH
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Laboratory Evaluationof In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R6 Pur additional comments, sec Laboratory Notebook B(XXX>25

--• -v *» - »- _.

RXN Volume Solid vol (mL) Cum Actual Actual
Reactor Sample Time Sample GWUscd Media Mass aqueous Aliquot Vol at L/S

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

5 9/1/98 11:19 0.0 4b»r6-t0-5 477.05 GWOnly 0.0 7.05 7.05 477.1 NA

5 9/1/98 11:45 0.4 4b-r6-l30mln-5 477.05 GW Only 7.01 14.06 470.0 NA

5 9/1/98 12:42 1.4 4b-r6-l1.5h-5 477.05 GWOnly 7.05 21.11 463.0 NA

5 9/1/98 14:05 2.8 4b-i6-l3h-5 477.05 GWOnly 6.95 28.06 455.9 NA

5 9/1/9816:11 4.9 4b-r6-l5h-5a 477.05 GWOnly 6.76 34.82 449.0 NA

5 9/2/98 9:19 22.0 4b-t6-120h-5 477.05 GW Only 6.65 41.47 442.2 NA

5 9/2/9811:08 23.8 4b-i6-t24h-5 477.05 GW Only 6.75 48.22 435.6 NA

A 9/1/9811:20 0.0 4b-r6-t(>-6 481.52 GW Only 0.0 7.11 7.11 481.5 NA

6 9/1/9811:46 0.4 4b-rn-t30min-6 481.52 GW Only 0 6.99 14.1 474.4 NA

A 9/1/98 12:43 1.4 4b-16-11.5h-6 481.52 GWOnly 0 7.46 21.56 467.4 NA

6 9/1/98 14:06 2.8 4b-r6-l3h-6 481.52 GWOnly 0 7.19 28.75 460.0 NA

A 9/1/9816:13 4.9 4b-r6-l5h-6 481.52 GWOnly 0 7.19 35.94 452.8 NA

A 9/2/98 9:20 22.0 4b-r6-t20h-6a 481.52 GWOnly 0 7.09 43.03 445.6 NA

6 9/2/98 11:09 23.8 4b-r6-t24h-6a 481.52 GWOnly 0 7.12 50.15 438.5 NA

0

Prepared by: S.R. CHnc LastUpdaled; HV23/V8
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Laboratory Evaluationof In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. |4b-R6 For additional commcnLs, sec Lahoralory Notebook BIXXXI25
MiKM- Call). Slope: 0.022 STOCK SOLN ABS: NA IDF: Ina Cone (ppm):
CalihraUon 1 late: tVln/91

mg Mn04-
pHDal

KMn04 Initial Final Final Final mg Mn04 Cum. Cum

Rcaclor Added Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot PH
No. (mg) (mg/L) ABS DF (mg/L) in Interval Consumct pcrmLGW

0 0 NA NA 32053 0 0 (MX) 0 8.42

5 20002 32053 0.240 KXX) 10754 10011 KKIII 20.98 75.4 7.1

5 2(XX)2 10754 0.487 KXX) 21821 -5124 4887 10.24 153.8 7.26

5 2IXXI2 21821 0.553 KXX) 24778 -1348 3538 7.42 172.2 7.3

5 2IXXI2 24778 0.547 KXX) 24509 121 3659 7.67 165.7 7.32

5 2(XX)2 24509 0.591 KXX) 26481 -872 2787 5.84 176.1 7.27

5 2IXXI2 26481 0.540 KXX) 24195 995 3783 7.93 163.3 7.26

A 0 0 NA NA 31756 0 0 O.(X) 0 .8.43

A 20003 31756 0.323 KXX) 14472 82IX) 82(X) 17.03 101.2 7.06

A 2(XX)3 14472 0.440 KXX) 19715 -2450 5749 11.94 147.1 7.32

A 2IXXI3 19715 0.559 KXX) 25IM7 -2452 3297 6.85 180.1 7.38

A 2(XX)3 25047 0.592 KXX) 26525 -669 2627 5.46 190.7 7.36

A 2(XX)3 26525 0.573 KXX) 25674 379 3(X)7 6.24 182.0 7.62

A 2IXXI3 25674 0.557 KXX) 24957 314 3321 6.90 177.7 7.62

Prepared by: S.R. Clinc

LastUpdatcd: KY23/98
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LaboratoryEvaluation of In Situ Chemical Oxidation asa Technology forGroundwater Remediation at the INEELTAN Site

Exp. 4hR(i For additional comment*, sec Lahoratnry Notebook BIMKI25

mfTCE
ORNL CUDCE ORNL TCE Fill IIDCE F1a| TransDCE Flaf CilDCE f". TCE Flag Aq. mfTCE Cum. ;_t»-ffw,i__B_imirairir_--i

oca oca Extract GC« Exlrxl GC* Ell/act Volume Volume Aqueous Aqueous Aqueous Aqueous C/Co Oxidircd mfTCE TCE Oxidi TCE Oxiili Total TCE in Aliquot

Nn. (IT*) <H*> (PI*) <rr*> ImL) (mL) ltT*> in*> (PI*) <n*> in Interval Oxiilittd In Interval In Interval Oxidi/cd

__?= =J?_U
1938

1945

__!.-_- _J-__>2 1931 45.540 2.82 3.15 19.354 21.530 17.368 40.839 1.00 till Oil (MM (MM. IMM 0.29
_____

1938 0

_____

1938 0 193? 3 II 3.05 373 t •, s 1 1 2 U 0.00 192 19.2 98.5'J 98.51 98.5* 0.00

0 1945 0 1945 0 1945 1 U 2.76 2.97 1 W.IUTBfl-tEDASIfS
HOTTNGLOGSCAUE

-NX 1 1 U 000 on 19.2 IMM (MM 98.5'» 0.00

1952 0 1952 0 1952 1 U 2.84 3.00 1 .
1 u 0.00 0.0 19.2 DIM. (MM n.w 0.00

1958 0 1958 0 1958 0 1958 1 u 2.70 3.24 1 1 1 1 u 000 tit) 19.2 1MB (MM 98.5'X 0.00

1965 0 1965 0 1965 0 1965 10 II 290 3.14 1 1 1 10 u 0.00 (Ml 19.2 (Mf* (MM 98.5'it 0.00

1972 0 1972 0 1972 0 1972 1 u 2.96 3.21 1 1 1 1 u 0.00 till 19.2 (MM

22.655 1932 24,173 1932 20.904 1932 38.558 2.74 3.33 16,659 19.909 17.216 31,756 1.00 III) 00 IMM IMM IMM 0.23

1939 0 1939 0 1939 0 1939 3 u 2.87 3.60 1 1 1 2 u 0.00 15.1 15 1 VR.S'J. 98.5» .K.5'» 0.00

1946 0 1946 0 1946 0 IS46 1 u 2.80 3.08 1 1 1 1 u 0.00 11.11 15.1 !>.(« (MM 98.5* 0.00

1953 0 1953 0 1953 0 1953 1 11 2.87 3.21 1 1 1 1 u 0.00 tl.fl 15.1 (1.0. (MM 98.59t 0.00

I960 0 1960 0 I960 0 I960 0 1) 2.90 3.17 1 1 1 0.1 u 0.00 IK) 15.1 (MM (MM 98..W 0.00

ft

ft

1966

1973
0

0

1966 0 1966 0 1966 1 u 2.93 3.15 1 1 1 1 u 0.00 ll.ll 15.1 (MM (MM 985'J O.OO

1973 0 1973 0 1973 0 u 2.97 3.36 1 1 1 0.1 u 0.00 (Ml 15.1 (MM

1

Prcparalhy: S.R. Clinc LalUpJatixl: K^.WJt
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4hR6 For additional comments, sec Lahoralory Notebook B(HKMI25 i 1
MMW. Calh. Sfc^e: 0.021 STOCK SOLN ABS: NA DF: NA C«_(|-«ri>

CalihnUim Dare: rVirv/B

RXN Volume Solid vol(mL) Com Actual Actual KMnOi Willi Final Final Final
Rcutlur Sample Time Sample OWUsed Media Hus aqueous Aiquot Vol at L/S Added Mn04- Mn04- Spec MnOt- pH

No. Time

9/1/98 11:15

(hrs)

0.0

n_M____M___i____,
(mL) S7___H P-i-uQJ aliquot Vol (mL)

i.v. •';,fe.i':-. ... I'l-.iiWi-.' •.-••-£. i'.,.: '-:• :•;.:
1 4br6.t0-lb 489.49 GWOnly 0 6.97 NA NA NA 0 NA NA NA NA 8.42

2 9/1/98 11:42 04 4--r6-t30rnln.2b 485.(17 GWOnly 0 6 99 NA NA NA 0 NA NA NA NA 8.42

3 9/1/98 12:40 1.4 4t.r6-ll.5b.3b 482.63 GWOnly 0 7.16 NA NA NA 6604 NA 0.453 501) IIII49 7.29

4 9/1/98 14:04 28 4b.r6t3h.4b 49(1.72 GWOnly 0 7.12 NA NA NA 6609 NA 0.468 50(1 IIM85 7.23

* 9/1/98 16:12 4.9 4b-r6-l5h-5b 477.05 GWOnly 1 7.18 NA NA NA 211012 NA 0.579 HID 25943 7.29

ft 9/2/98 9:21 22.0 4b.r6-l20h.6b 481.52 GWOnly 0 7.2 NA NA NA 2IKI3 NA 0.569 till) 25495 7.6

ft 9/2/98 11:10 238 4b-r6-!24h-6b 48152 GWOnly 0.0 7.21 NA NA NA 2(1*13 NA 0.552 IfKM) 2473) 7.60

itm^j^m sins mm SiSEs mm %SM'.^m WMj-_ar-c_c*_fUKRemitl-J
1 NOT EXTRACTED

2 NOT EXTRACTED

1

4

NOT EXTRACTED

NOT EXTRACTED

5 NOT EXTRACTED

A NOT EXTRACTED

l_xtr_ctlonb-th<
9/2/9811:12

KSSSBS mm "mm
Charcoal

IK
NA

wm wan 1398
NA NA NA NA NA NT1

1

mmsmk
4b-R6CHAR-1A

9/2/9811:12 4b-R6-CHAR-1B Charcoal NA NA NA NA NA NA NT

1 9/2/98 11:14 4b-R6-CHAR-2A Charcoal NA NA NA NA NA NA NT

9/2/98 11:14 4bR6-CHAn-2D Charcoal NA NA NA NA NA NA NT

3

9/2/98 11:15 4b-R6-CHAR-3A Charcoal NA NA NA NA NA NA NT

9/2/98 11:15 4b-R6-CHAR-3B Chat-coal NA NA NA NA NA NA NT

4 9/2/98 11:16 4b-R6-CHAR-4A Charcoal NA NA NA NA NA NA NT

4 9/2/98 11:16 4b-R6CHAR-4B Charcoal NA NA NA NA NA NA NT

5

.1

9/2/98 11:17 4b-R6CHAR-5A Charcoal NA NA NA NA NA NA NT

9/2/98 11:17 4b-R6-CHAR-58 Charcoal NA NA NA NA NA NA NT

6 9/2/98 11118 4bR6-CHAR-6A Charcoal NA NA NA NA NA NA NT

ft 9/2/98 11:18 4b-R6-CHAR-6B Charcoal NA NA NA NA NA NA NT

Addili onal Oxidant Infonnation

nilial MntM- nil l»ad Consumed Consumed

Plask
._

mi)

mg/mL or
mg/g m(t #1=24 tin

mg/mL or

mg/g

AVG

(mg/g)

on (Mill NA NA NA

2 on (MID NA NA NA

.. 4974 1(15 21.1 11.4

4 4978 III... 9(1 11.2 0.M

5

1.

15065 32 1 3693 7.9

15064. Jia 3226 6.8 7..M

Prepared try: S.R, Clinc La.iUpdai«l: I1/.V.8
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Laboratory Evaluation of In Situ Chemical Oxidation asaTechnology for Groundwater Remediation at the INEEL TANSite

Experiment: 4b-R7 For additional comments, RMAL Labortory Research Book

Solid Media

NONE

Initial TCE (ppb)
DNAPL

Co-Contaminant?

NO

Mn04- Cones. (%)
0I&.1

Experiment Start Date: 8/12/98

Comments:

Per Procedure: PureTCE addeddirectly into each Reactor/Flask, ASingle Spike Solution Could Not Be Prepared
NOTE: All 8/12 &8/14 final dilutions in GCvials placed under relrigeration to be analyzed 8-17-98.

SPIKE SOLUTION PREPARATION

8/12/98

NA, See Above

Predicted Spike Concentrations Resulting

Reactor No. TCE Added (mg) GW Added (mL) Aq. Cone (p

1 797.5 400 1,993,750

2 815.1 400 2,037,750

3 807.2 400 2,018,000

4 794.5 400 1,986,250

5 805.5 400 2,013,750

6 807.7 400 2,019,250

NOTE: Aqueous Solubility ofTCE is only approx. 1,100mg/L (1,100,000 ppb)
Thus, some TCE is present in each react as DNAPL
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R7 Foradditional comments. RMAL LabortoiyResearch Book

Sample Data

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot
Vol (mL)

Vol at US

No. Time (hrs) - Name (mL) Type (grams) aliquot Samplinc Ratio

NA
8/13/98 8:45 0.0 4B-R7-T0-1A 400 GW Only 20 20

30

400.0

380.0
—1— 8/13/98 9:15 0.5 4B-R7-T30MIN-1 400 GW Only 0 10 NA

8/13/98 10:45 2.0 4B-R7-T2HR-1 400 GW Only
GW Only
GW Only

0 10 40 370.0

360.0

NA

8/13/98 12:45 4.0 4B-R7-T4HR-1 400 0 10 50 NA

--|— 8/13/98 14:45 6.0 4B-R7-T6HR-1 400 0 1f> 60 350.0 NA

8/14/98 7:00 22.2 4B-R7-T20HR-1 400 GW Only
GW Only
GWOnly

0 10 70 340.0 NA

j

8/14/98 8:45

8/17/98 8:45

24.0 4B-R7-T24HR-1A 400 0

0

20 90 330.0 NA

96.0 4B-R7-T96hr 400 10 100 310.0

400.0

NA

8/13/98 8:45 0.0 4B-R7-T0-2 400 GW Only 10 10 NA

2 8/13/98 9:15 0.5 4B-R7-T30MIN-2A 400 GW Only 0 20 30 390.0 NA

2 8/13/98 10:45 2.0 4B-R7-T2HR-2 400 GW Only 0 10 40 370.0 NA

2

2

8/13/98 12:45 4.0 4B-R7-T4HR-2 400 GW Only
GW Only

0 10 50 360.0

350.0

NA

8/13/98 14:45 6.0 4B-R7-T6HR-2 400 0 10 60 NA

2 8/14/98 7:00 22.2 4B-R7-T20HR-2 400 GW Only^ 0 10 70 340.0

330.0

NA

NA
2 8/14/98 B:45 24.0 4B-R7-T24HR-2 400 GW Only 0 10 80

2 8/17/98 8:45 96.0 4B-R7-T96hr-2a 400 GW Only 0 20 100 320.0 NA
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. |4b-R7 For additional comments, RMAL Labortory Research Book
Mn04- Calb. Slope: 0.046 STOCK Conc.(ppm): 1 49.5 DF: 1 800 Cone (ppm): 39600

Calibration Dale: 5/5/98

Aliquot Final Final

___S____>__£_

mg MnO<

^saajsaaBHBi-B

mg Mn04-
pHDatsia»1mm

Reactor

Volume

Stock Mn

Added (mL
__ __

Initial Cum. Cum
Mn04- Mn04- Spec Mn04- Consumec mg MnO' mg Mn04 in Aliquot PH

No.

1

(mg/L) (mg/L) DF (mg/L) in Interva Consumec per mL GW
0 NA NA NA NA NA NA NA 8

1 0 0 NA NA NA NA NA

NA

NA NA 8

1

1

0 0 NA NA NA NA

NA

NA NA 8

0 0 NA NA NA NA NA NA 8
1 0 0 NA NA NA NA NA NA NA 7.79
1 0 0 NA NA NA NA NA NA NA 7.51
1

i
~~2

0 0 NA NA NA NA NA NA NA 7.36

0 0 NA NA NA NA NA NA NA 7.85

0 0 NA NA NA NA NA NA NA 8.16
2 0 0 NA NA NA NA NA NA NA 8.22

2
2

2

2

0 0 NA NA NA NA NA NA NA 8.15

0 0 NA NA NA NA NA NA NA 8.01

0 0 NA NA NA NA NA NA NA 7.8

0 0 NA NA NA NA

NA

NA NA NA 7.45
2 0 0 NA NA NA NA NA NA 7.36

2 0 0 NA NA NA |NA NA NA NA 8.04 j
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Reactor

No" "

1

i
i

'.. _J._
1
i
i

i

_.._____

"2

_-_?
2

2

"2
2

2"

Exp. 4b-R7 For additional comments, RMAL Labortory Research Book

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. % of Init A % of Total Cum% mgTCE
in Aliquot

~2L<F5
10.81

10.46

11.46

GC# Cone.

(PPb)

Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi

In Interval

TCE Oxidi

In Interval

Total TCE

Oxidized

NA

NA

NA

(mL) (mL) (ppb) in Interval Oxidized

1524

" 1538
1552

1025100 3.03 2.87 1,082,570 NA NA NA NA.

NA

NA

NA

NA

NA

905617

1052830

3.05 2.55 1,081.150

1,046,420

NA NA NA

3.01 3.03 NA NA NA

1566

"1580
1021252 3.02 2.69 1,145,973 NA NA NA NA NA NA

1026132 2.96 2.65 1,145,108 NA NA NA NA NA NA 11.45

11.81

28^93
12^20

10.84

2L68

m94

11.42

11.53

11.47

14.18

23.27

1594

1608

1622

1314538 2.95 3.29 1,181,090

1,446,443

1,219,544

NA NA NA NA NA NA

1478841

1330498

2.99 3.06 NA NA NA NA

NA

NA

NA

NA

NA3.00 3.28 NA NA NA

1525

1539

1553

1567

"1581
1595

.609

1623

1180808

1019713

953605

1035172

991527

1343284

1312051

1368451

2.82 3.07 1,083,952 NA NA NA NA NA NA

2.98 2.81 1,083,993

1,093,538

NA NA NA NA NA NA

3.01 2.63 NA NA NA NA NA
NA

NA

NA

3.01 2.73 1,142,304 NA NA

NA

NA NA

NA

NA

NA

NA3.01 2.58 1,153,479

1,147,359

1,418,464

1,163,649

NA NA

2.98

3.06

3.00

3.49 NA NA NA NA

NA

NA

NA"

NA

2.83 NA

NA

NA NA NA

NA3.53 NA NA NA
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Laboratory Evaluation of In Situ Chemical Oxidation asaTechnology forGroundwater Remediation at the INEEL TAN Site

Exp. 4b-R7 Foradditionalcomments, RMAL LabortoryResearch Book

Sample Data

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at
Sampling

L/S

RatioNo.

3

Time (hrs) Name (mL) Type (grams) aliquot Vol (mL)

8/13/98 8:45 0.0 4B-R7-T0-3 400 GW Only 0.0 10 10 40O01 NA

3 8/13/98 9:15 0.5 4B-R7-T30MIN-3 400 GW Only 0 10 20 391.0

381.0

361.0

NA

3

3

8/13/98 10:45

8/13/98 12:45

2.0 4B-R7-T2HR-3A 400 GW Only
GW Only
GW Onl£

0 20 40 NA

4.0 4B-R7-T4HR-3 400 0 10 50 NA

3 8/13/98 14:45 6.0 4B-R7-T0-1A 400 0 10 60 351.0

341.0

NA

8/14/98 7:00 22.2 4B-R7-T20HR-3 400 GW Only 0 10 70 NA

3

3

8/14/98 8:45 24.0 4B-R7-T24HR-3 400 GW Only 0 10 80 331.0 NA

8/17/98 8:45 96.0 4B-R7-T96hr-3 400 GW Only 0 10 90 321.0 NA

4 8/13/98 8:45 0.0 4B-R7-T0-4 400 GW Only 0.0 10 10 400.0 NA

4 8/13/98 9:15 0.5 4B-R7-T30MIN-4 400 GW Only 0 10 20 391.0 NA

4 8/13/98 10:45 2.0 4B-R7-T2HR-4 400 GW Only 0 10 30 381.0 NA

4
4

8/13/98 12:45 4.0 4B-R7-T4HR-4A 400 GW Only 0 20 50 371.0 NA

8/13/98 14:45 6.0 4B-R7-T6HR-4 400 GW Only 0 10 60

•70

351.0 NA

4 8/14/98 7:00 22.2 4B-R7-T20HR-4 400 GW Only 0 10 341.0 NA

4 8/14/98 8:45 24.0 4B-R7-T24HR-4 400 GW Only 0 10 80 331.0 NA

4 8/17/98 8:45 96.0 4B-R7-T96hr-4 400 GW Only 0 10 90 321.0 NA
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. |4b-R7 For additional comments, RMAL Labortory Research Book
Mn04- Calb. Slope: 0.046 STOCK Conc.(ppm): 49.5 DF: 800 Cone (ppm): 39600

Calibration Dale: 5/5/98
fKBgUpiK?

pH Dat
Volume Initial Aliquot Final Final mg Mn04 Cum. Cum mg Mn04-

Reactor Slock Mn( Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot PH
No.

3_
3

3

Added (mL

6
(mg/L) (mg/L) DF (mg/L) in Interval

0.0

Consumec per mL GW
0 NA NA 101.3 0.0 0.00 0.0 8.23

1

i
101.3 0.5 0.5 39.4 39.4 0.10 0.0 5.98

0.5 0.6 0.6 0.0 39.4 0.10 0.0 6.01

__3
3

_ _ _

3
_...__._

4

4

1 0.6 0.3 0.3 0.1 39.5 0.10 0.0 5.69

1

1

0.3 0.4 0.4 0.0 39.4 0.10 0.0 5.57

5"86
5.68

6.15

0.4 0.5 0.5

0.3

0.0 39.4 0.10 0.0

1

1

0.5

0.3

0.3 0.1 39.5 0.10 0.0

0.2 0.2 0.0 39.5 0.10 0.0

0 0 NA NA 101.3 0.0 0.0 0.00 0.0 8.27

1 101.3

0.5

0.6

0.5 0.5 39.4 39.4 0.10 0.0 6.01

5.94___4

4

1 0.6 0.6 0.0 39.4 0.10 0.0

1 0.2

0.4

0.2 0.1 39.5 0.10 0.0 5.81

1 0.2 0.4 -0.1 39.5 0.10 0.0 .5.7

4 1 0.4 0.5 0.5 0.0 39.4 0.10 0.0 5.96

4

4

1 0.5

0_2

0.2 0.2 0.1

0.0

39.5 0.10 0.0 5.64

5.981 0.3
1 0.3 39.5 0.10 0.0
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R7 For additional comments. RMAL Labortory Research Book

mgTCE Cum. % of Init A % of Total Cum% mg TCE
in Aliquot

70A5

ORNL Extract Flag Hexane Aqueous Aqueous Rag Aq.

Reactor

No.

GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE

(ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

0.0%
3 1526 1044550 2.73 2.73 1,045,246 1.00 0.0 0.0 0.0% 0.0%

3

3

1540

1554

882570

808923

3.01 2.78 956,951 0.92 34.5 34.5 8.3% 4.3% 4.3% 9.57

3.04 2.46 999,315 0.96 -16.1 18.4 -3.9% -2.0% 2.3%

1.1%

19.99

3 1568 963152 3.01 2.82 1,026,489 0.98 -9.8 8.6 -2.3% -1.2% 10.26

10.16
3 1582 992963 2.99 2.93 1,016,366 0.97 3.6 12.1 0.8% 0.4% 1.5%

3

3

1596 1181473 2.97 3.32 1,057,768 1.01 -14.1 -2.0 -3.4% -1.7% -0.2% 10.58

13.37
1610 1409355 3.08 3.25 1,337,492 1.28 -92.6 -94.6 -22.1% -11.5% -11.7%

3 1624 1185487 3.02 3.35 1,069,558 1.02 86.0 -8.6 20.6% 10.7% -1.1% 10.70

4 1527 1029105 2.82 2.73 1,064,449 1.00 0.0 0.0 0.0% 0.0% 0.0% 10.64

4 1541 891062 3.02 2.84 947.827 0.89 45.6 45.6 10.7% 5.7% 5.7% 9.48

4

4

1555 897705 3.04 2.83 966,935 0.91 -7.3 38.3 -1.7% -0.9% 4.8% 9.67

22.53
1569 1136703 3.00 3.02 1,126,346 1.06 -59.1 -20.8 -13.9% -7.4% -2.6%

4 1583 954175 3.02 2.74 1,050,377 0.99 26.7 5.8 6.3% 3.4% 0.7% 10.50

11.03

13.94

11.48

4

4

4

1597

1611

1625

1350831 2.98 3.65 1,102,508 1.04 -17.8 -11.9 -4.2% -2.2% -1.5%

1361851 3.09 3.02 1,393,828 1.31 -96.4 -108.4 -22.6% -12.1% -13.6%

-3.7%
1310613 3.02 3.45 1,147,632 1.08 79.0 -29.3 18.6% 9.9%
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R7 Foradditional comments, RMAL Labortory Research Book

RXN Solid

|Sample D

Reactor

"No"

ata

Volume vol (mL) Cum Actual Actual
Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S
Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Samplinc Ratio

5 8/13/98 8:45 0.0 4B-R7-T0-5 400 GW Only 0.0 10 10 400.0 NA
5 8/13/98 9:15 0.5 4B-R7-T30MIN-5 400 GW Only 0 10 20 400.0 NA
5 8/13/98 10:45 2.0 4B-R7-T2HR-5 400 GW Only 0 10 30 390.0 NA

5
8/13/98 12:45 4.0 4B-R7-T4HR-5 400 GW Only 0 10 40 380.0 NA

5

5

5

8/13/98 14:45 6.0 4B-R7-T6HR-5A 400 GW Only 0 20 60 370.0 NA
8/14/98 7:00 22.2 4B-R7-T20HR-5 400 GW Only 0 10 70 350.0 NA
8/14/98 8:45 24.0 4B-R7-T24HR-5 400 GW Only 0 10 80 340.0 NA

5 8/17/98 8:45 96.0 4B-R7-T96hr-5 400 GW Only 0 10 90 330.0 NA
6 8/13/98 8:45 0.0 4B-R7-T0-6 400 GW Only 0.0 10 10 400.0 NA
6

6

8/13/98 9:15 0.5 4B-R7-T30MIN-6 400 GW Only 0 10 20 400.0 NA
8/13/98 10:45 2.0 4B-R7-T2HR-6 400 GW Only 0 10 30 390.0 NA

6 8/13/98 12:45 4.0 4B-R7-T4HR-6 400 GW Only 0 10 40 380.0 NA
6 8/13/98 14:45 6.0 4B-R7-T6HR-6 400 GW Only 0 10 50 370.0 NA
6 8/14/98 7:00 22.2 4B-R7-T20HR-6A 400 GW Only 0 20 70 360.0 NA

6
8/14/98 8:45 24.0 4B-R7-T24HR-6 400 GW Only 0 10 80 340.0 NA

6 1 8/17/98 8:45 96.0 4B-R7-T96hr-6 400 GW Only 0 10 90 330.0 NA

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Reactor

No.

Exp. |4b-R7 For additional comments, RMAL LabortorvResearchBook
Mn04- Calb. Slope: 0.046 STOCK Cotic.(ppm): 49.5 DF: 80C Cone (ppm): 39600
Calibration Dale: 5/5/98

mwmmmm Sflgggt-__-
B_H____BN_

Aliquot

_ffl_3__as„„s; tt!-W-_t__Ba

mg Mn04 Cum. Cum mg Mn04-
pH Oat

Volume

Stock Mn

Initial Final Final

Mn04- Mn04- Spec Mn04- Consumec mg Mn04 me Mn04 in Alicitiot pH
Added (mL (mg/L) (mg/L) DF (mg/L) in Interva Consumec per mL GW

_._! 0 0 NA NA 990.0 0.0 0.0 0.00 0.0 8.15
5 10 990.0 0.4 0.40 395.8 395.8 0.99 0.0 3.12
5

j:
5

5

10 0.4 0.4 0.42 0.0 395.8 0.99 0.0 2.9
10

10

10

0.4, 0.3 0.33 0.0 395.9 0.99 0.0 2.79
0.3 0.5 0.47 -0.1 395.8

r 395.9
0.99 0.0 2.72

0.5 0.3 0.34 0.0 0.99 0.0 3.16
10 0.3 0.3 0.27 0.0 395.9 0.99 0.0 3.09

5 10 0.3 0.1 0.13 0.0 395.9 0.99 0.0 2.74
6 0 0 NA NA 990.00 0.0

395.8

0.0 0.00 0.0 8.1
6 10 990.0 0.4 0.40 395.8 0.99 0.0 3.12
6 10 0.4 0.4 0.43 0.0 395.8 0.99 0.0 2.92
6 10 0.4 0.3 0.34 0.0 395.9 0.99 0.0 2.78
6 10 0.3 0.4 0.39 0.0 395.8 0.99 0.0 2.75
6 10 0.4 0.3 0.29 0.0 395.9 0.99 0.0 3.2
6 10 0.3 0.3 0.28 0.0 395.9 0.99 0.0 3.23

10 0.3 0.3 0.26 0.0 395.9 0.99 0.0 2.74

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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LaboratoryEvaluation of In Situ Chemical Oxidation as a Technology forGroundwater Remediation at the INEEL TAN Site

Exp. 4b-R7 For additional comments, RMAL Labortory Research Book

ORNL Extract Flag Hexane Aqueous Aqueous jFIag Aq. mgTCE Cum. % of Init A % of Total Cum% mgTCE
Reactor GC# Cone. Volume Volume Cone. | C/Co Oxidized mg TCE TCE Oxidi TCE Oxidi Tolal TCE

Oxidized

in Aliquot
No. (ppb) (mL) (mL) (PPb) in Interval Oxidized In Interval In Interval

5 1528 1012182

572884

2.81 2.62 1.087.063 1.00 0.0 0.0 0.0% 0.0% 0.0% 10.87
5 1542 3.00 3.01 572,417 0.53 205.9 205.9 47.3% 25.6% 25.6% 5.72
5 1556 543041 3.06 2.61 637,141 0.59 -25.2 180.6 -5.8% -3.1% 22.4% 6.37
5

5

5

1570 633796 3.01 2.87 664,178 0.61 -10.3 170.3 -2.4% -1.3% 21.1% 6.64

14.02

8.56

1584 673605 3.01 2.90 701,209 0.65 -13.7 156.6 -3.2% -1.7% 19.4%
1598 981730 2.98 3.41 856,462 0.79 -54.3 102.3 -12.5% -6.7% 12.7%

5 1612 1066664 3.10 3.00 1,102,048 1.01 -83.5 18.8 -19.2% -10.4% 2.3% 11.02

9.42
5 1626 1081256 3.03 3.47 942,486 0.87 52.7 71.5 12.1% 6.5% 8.9%
6 1529 1227748 2.82 3.37 1,026,160 1.00 0.0 0.0 0.0% 0.0% 0.0% 10.26
6 1543 581220 3.03 3.07 575,215 0.56 180.4 180.4 43.9% 22.3% 22.3% 5.75
6 1557 617511 3.05 3.09 609,334 0.59 -13.3 167.1 -3.2% -1.6% 20.7% 6.09
6
6

1571

1585

719594 3.00 3.30 654,111 0.64 -17.0 150.1 -4.1% -2.1% 18.6% 6.54
761699 3.02 3.39 678,956 0.66 -9.2 140.9 -2.2% -1.1% 17.4% 6.79

6 1599 942782 2.97 3.16 885,616 0.S6 -74.4 66.5 -18.1% -9.2% 8.2% 17.71

10.72
6 1613 981734 3.09 2.83 1,071,865 1.04 -63.3 3.1 -15.4% -7.8% 0.4%
6 j 1627 1096497| 3.04 3.50 952,265 0.93

, ,-1.
39.5 42.6 9.6% 4.9% 5.3% 9.52

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Experiment: 4B-R8
Solid Media

NONE

Initial TCE (ppb)
**DNAPL

Experiment Start Dale:

Co-Conlaminanl?

NO

Foradditional comments, RMAL Labortory Research Book
Mn04- Cones. (%)
I &3

8/12/98

Comments: " ~ ————•

Per Procedure: Pure TCE added directly into each Reactor/Flask, ASingle Spike Solution Could Not Be Prepared
Note: 4b-R8-5 and 4b-R8-6 produced significant off-gassing during the 1st 30min check
Note: After T=4hrs, Reactor 4b-R8-3 developed acrack. Contents moved to back-up reactor without orbo tube

SPIKE SOLUTION PREPARATION
NA, See Above

Predicted Spike Concentrations
Reactor No. |TCE Added (mg)

811.7

GW Added (mL
400

Resulting
Aq. Cone (ppb)

2,029,2501
805.8

809.5
817.1

805.9

809.2

Prepared by: S.R. Cline

400

400

400

400

2,014,500
2,629,750
2,042,750

2,014,750

2,023,000

NOTE: Aqueous Solubility of TCE is only approx. 1,100 mg/L (1,100,000 ppb)
Thus, some TCE is present in each react as DNAPL

LastUpdated: 10/22/98
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Laboratory Evaluation of In SituChemical Oxidation asaTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4B-R8 For additional commenls, RMAL Labortory Research Book

,.-....

RXN Volume "^""""TsTihJ™ vol (mL) Cum Actual Actual
Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at US

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Samplinc Ratio
8/13/98 8:50 0.0 4B-R8-T0-1A 400 GW Only 0.0 20 20 400.0 NA
8/13/98 9:20 0.5 4B-R8-T30MIN-1 400 GW Only 0 10 30 380.0 NA

8/13/98 10:50 2.0 4B-R8-T2HR-1 400 GW Only 0 10 40 370.0 NA
8/13/98 12:50 4.0 4B-R8-T4HR-1 400 GW Only 0 10 50 360.0 NA
8/13/98 14:50 6.0 4B-R8-T6HR-1 400 GW Only 0 10 60 350.0 NA

8/14/98 7:05 22.3 4B-R8-T20HR-1 400 GW Only 0 10 70 340.0 NA
8/14/98 8:50 24.0 4B-R8-T24HR-1A 400 GW Only 0 20 90 330.0 NA
8/17/98 8:50 96.0 4B-R8-T120HR 400 GW Only 0 10 100 310.0 NA

2

2

8/13/98 8:50 0.0 4B-R8-T0-2 400 GW Only 0.0 10 10 400.0 NA
8/13/98 9:20 0.5 4B-R8-T30MIN-2A 400 GW Only 0 20 30 390.0 NA

2 8/13/98 10:50 2.0 4B-R8-T2HR-2 400 GW Only 0 10 40 370.0 NA
2 8/13/98 12:50 4.0 4B-R8-T4HR-2 400 GW Only 0 10 50 360.0 MA
2 8/13/98 14:50 6.0 4B-R8-T6HR-2 400 GW Only 0 10 60 350.0 NA
2 8/14/98 7:05 22.3 4B-R8-T20HR-2 400 GW Only 0 10 70 340.0 NA
2 8/14/98 8:50 24.0 4B-R8-T24HR-2 400 GW Only 0 10 80 330.0 NA
2 8/17/98 8:50 96.0 4B-R8-T120HR-2a 400 GW Only 0 20 100 320.0[NA

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater RemediaHon at the INEEL TAN Site

Exp. |4B-R8 For additional comments, RMAL Labortorv Research Rnnk 1 1
Mn04- Calb. Slope: 0.046 STOCK SOLN ABS: NA DF: NA Cone (ppm):
Calibration 1-ale: 5/5/98

Aliquot mg MnO'
IpH Data

KMn04 Initial Final Final Cum. Cum mg Mn04-
Reactor Added Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliauot pH

No. (mg) (mg/L) (mg/L) DF (mg/L) in Interva Consumec per mL GW
0 0 NA NA NA NA NA NA NA 8.11
0 0 NA NA NA NA NA NA NA 8.06
0 0 NA NA NA NA NA NA NA 8.03
0 0 NA NA NA NA NA NA NA 7.82
0 0 NA NA NA NA NA NA NA 7.83

' 0 0 NA NA NA NA NA NA NA 7.32
.

0 0 NA NA

NA

NA NA NA NA NA 7.28
0 0 NA NA NA NA NA NA 7.88

2 0 0 NA NA NA NA NA NA NA 8.12
2 0 0 NA NA NA NA NA NA NA 8.08
2 0 0 NA NA NA NA NA NA NA 8.08
2 0 0 NA NA NA NA NA NA NA 7.85
2 0 0 NA NA IMA NA NA NA NA 7.84
2 0 0 NA NA NA NA NA NA NA 7.31
2 0 0 NA NA NA NA NA NA NA 7.352 1 0| 0 NA NA NA NA NA NA NA 7.89J

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation attheINEEL TANSite

Exp. 4B-R8 For additional comments, RMAL Labortory Research Book

mgTCE Cum. % of Init A % of Total Cum% mgTCE

Reactor

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq.

GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

1531 1,103,891 2.79 3.10 990,928 NA NA NA NA NA NA 19.82

1545 936,307 3.02 2.79 1,012,884 NA NA NA NA NA NA 10.13

1559 907,027 3.04 2.66 1,039,900 NA NA NA NA NA NA 10.40

1573 968,759 3.02 2.63 1,111,172 NA NA NA NA NA NA 11.11

1587 1,115,102 2.98 3.05 1,089,942 NA NA NA NA NA NA 10.90

1601 1,461,013 2.97 3.71 1,168,949 NA NA NA NA NA NA 11.69

1615 1,157,555 3.08 2.97 1,200,700 NA NA NA NA NA NA 24.01

1629 1,302,973 3.04 3.64 1,088,091 NA NA NA NA NA NA 10.88

2

2 ""
1532

1546

1,133,312 2.73 2.97 1,041,867 NA NA NA NA NA NA 10.42

947,710 3.03 2.78 1,033,845 NA NA NA NA NA NA 20.68

2

2

1560 942,126 3.05 2.75 1,045,525 NA NA

NA

NA NA NA NA 10.46

1574 901,045 3.02 2.46 1,103,700 NA NA NA NA NA 11.04

2 1588 1,069,223 3.02 3.00 1,077,682 NA NA NA NA NA NA 10.78

2 1602 1,332,041 2.98 3.48 1,140,847 NA NA NA NA NA NA 11.41

2 1616 1,216,001 3.15 3.40 1,126,679 NA NA NA NA NA NA 11.27

2 1630 1,229,347 3.06 3.41 1,105,229 NA NA NA NA NA NA 22.10

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4B-R8 For additional comments, RMAL Labortory Research Book

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at US

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

3 8/13/98 8:50 0.0 4B-R8-T0-3 400 GW Only 0.0 10 10 400.01 #DIV/0!

3 8/13/98 9:20 0.5 4B-R8-T30MIN-3 400 GW Only 0 10 20 390.0 #DIV/0!

3 8/13/98 10:50 2.0 4B-R8-T2HR-3A 400 GW Only 0 20 40 380.0 #DIV/0!

3 8/13/98 12:50 4.0 4B-R8-T4HR-3 400 GW Only 0 10 50 360.0 #DIV/0!

3 8/13/98 14:50 6.0 4B-R8-T0-1A 400 GW Only 0 10 60 350.0 #DIV/0l
3 8/14/98 7:05 22.3 4B-R8-T20HR-3 400 GW Only 0 10 70 340.0 #DIV/0l

3 8/14/98 8:50 24.0 4B-R8-T24HR-3 400 GW Only 0 10 80 330.0 #DIV/0!

3 8/17/98 8:50 96.0 4B-R8-T120HR-3 400 GW Only 0 10 90 320.0 #DIV/0!

4 8/13/98 8:50 0.0 4B-R8-T0-4 400 GW Only 0.0 10 10 400.0 #DIV/0!

4 8/13/98 9:20 0.5 4B-R8-T30MIN-4 400 GW Only 0 10 20 390.0 #DIV/0!

4 8/13/98 10:50 2.0 4B-R8-T2HR-4 400 GW Only 0 10 30 380.0 #DIV/0l

4 8/13/98 12:50 4.0 4B-R8-T4HR-4A 400 GW Only 0 20 50 370.0 #DIV/0!

4 8/13/98 14:50 6.0 4B-R8-T6HR-4 400 GW Only 0 10 60 350.0 #DIV/0l

4 8/14/98 7:05 22.3 4B-R8-T20HR-4 400 GW Only 0 10 70 340.0 #DIV/0!

4 8/14/98 8:50 24.0 4B-R8-T24HR-4 400 GW Only 0 10 80 330.0 #DIV/0!

4 8/17/98 8:50 96.0 4B-R8-T120HR-4 400 GW Only 0 10 90 320.0 #DIV/0!

Prepared by: S.R. Cline LastUpdated: 10/23/98



Laboratory Evaluation of In Situ ChemicalOxidationas a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. |4B-R8 For additional comments, RMAL Labortory Research Book
Mn04- Calb. Slope: 0.046 STOCK SOLN ABS: NA DF: NA Cone (ppm):

Calibration 1)ate: 5/5/98

mg Mn04 mg Mn04-
pH Data

KMn04 Initial Aliquot Final Final Cum. Cum

Reactor Added Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot pH
No. (mg) (mg/L) (mg/L) DF (mg/L) in Interval Consumec per mL GW

3 0 0 NA NA 10301 0 0 0.00 0 8.12

3 5334 10301 19 401 7619 1046 1046 2.61 76.2 2.76

3 5334 7619 19 401 7779 -61 985 2.46 155.6 2.78

3 5334 7779 19 401 7539 87 1072 2.68 75.4 2.65

3 5334 7539 18 401 7138 140 1212 3.03 71.4 2.57

3 5334 7138 17 401 6777 123 1335 3.34 67.8 2.71

3 5334 6777 17 401 6657 40 1374 3.44 66.6 3.08

3 5334 6657 16 401 6496 51 1426 3.56 65.0 1.9

4 0 0 NA NA 10301 0 0 0.00 0 8.17

5334 10301 18 401 7298 1171 1171 2.93 73.0 2.69

4 5334 7298 19 401 7779 -183 988 2.47 77.8 2.71

4 5334 7779 19 401 7619 59 1048 2.62 152.4 2.58

4 5334 7619 19 401 7419 70 1118 2.79 74.2 2.56

4 5334 7419 17 401 6857 191 1309 3.27 68.6 2.63

4

4

5334 6857 17 401 6657 66 1375 3.44 66.6 2.98

5334 6657 16 401 6336 103 1477 3.69 63.4 1.83

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4B-R8 For additional comments, RMAL Labortory Research Book

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. % of Init A % of Total Cum% mg TCE

Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot
No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

3

3

1533 1,082,282 2.62 2.81 1,009,570 1.00 0.0 0.0 0.0% 0.0% 0.0% 10.10

1547 956 3.04 3.19 912 0.00 393.4 393.4 97.4% 48.6% 48.6% 0.01

3 1561 383 3.07 2.89 407 0.00 0.2 393.6 0.0% 0.0% 48.6% 0.01

3 1575 243 3.02 3.44 214 0.00 0.1 393.6 0.0% 0.0% 48.6% 0.00

3 1589 319 3.01 4.13 232 0.00 0.0 393.6 0.0% 0.0% 48.6% 0.00

3 1603 142 2.98 3.46 122 0.0 393.7 0.0% 0.0% 48.6% 0.00
Steven Robert Cline:
ND, BUT ENTERED AS 1 PPB FOR3 1617 0 3.16 2.93 0.0 393.7 0.0% 0.0% 48.6% 0.00

3 1631 0 3.06 3.51 1 PLOTTING LOG SCALE 0.0 393.7 0.0% 0.0% 48.6% 0.00

4 1534 1,091,112 2.62 2.79 1,026,943 1.00 0.0 0.0 0.0% 0.0% 0.0% 10.27

4 1548 1,009 3.03 2.98 1,024 0.00 400.1 400.1 97.4% 49.0% 49.0% 0.01

4 1562 341 3.05 3.02 345 0.00 0.3 400.4 0.1% 0.0% 49.0% 0.00

4 1576 200 3.00 3.28 183 0.00 0.1 400.4 0.0% 0.0% 49.0% 0.00

4 1590 252 2.98 3.54 212 0.00 0.0 400.4 0.0% 0.0% 49.0% 0.00

4 1604 133 2.97 3.43 115 0.00 0.0 400.4 0.0% 0.0% 49.0% 0.00

4 1618 56 3.14 3.06 57 0.00 0.0 400.5 0.0% 0.0% 49.0% 0.00

4 1632 0 3.05 3.39 1 0.00 0.0 400.5 0.0% 0.0% 49.0% 0.00

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ ChemicalOxidationas a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4B-R8 For additional comments, RMAL Labortory Research Book

t

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at US
No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

5 8/13/98 8:50 0.0 4B-R8-T0-5 400 GW Only 0.0 10 10 400.0 #DIV/0!

5 8/13/98 9:20 0.5 4B-R8-T30MIN-5 400 GW Only 0 10 20 390.0 #DIV/0!

5 8/13/98 10:50 2.0 4B-R8-T2HR-5 400 GW Only 0 10 30 380.0 #DIV/0!

5 8/13/98 12:50 4.0 4B-R8-T4HR-5 400 GW Only 0 10 40 370.0 #DIV/0!

5 8/13/98 14:50 6.0 4B-R8-T6HR-5A 400 GW Only 0 20 60 360.0 #DIV/0!

5 8/14/98 7:05 22.3 4B-R8-T20HR-5 400 GW Only 0 10 70 340.0 #DIV/0l

5 8/14/98 8:50 24.0 4B-R8-T24HR-5 400 GW Only 0 10 80 330.0 #DIV/0!

5 8/17/98 8:50 96.0 4B-R8-T120HR-5 400 GW Only 0 10 90 320.0 #DIV/0!

6 8/13/98 8:50 0.0 4B-R8-T0-6 400 GW Only 0.0 10 10 400.0 #DIV/0!

6 8/13/98 9:20 0.5 4B-R8-T30MIN-6 400 GW Only 0 10 20 390.0 #DIV/0!

6 8/13/98 10:50 2.0 4B-R8-T2HR-6 400 GW Only 0 10 30 380.0 #DIV/0!

6 8/13/98 12:50 4.0 4B-R8-T4HR-6 400 GW Only 0 10 40 370.0 #DIV/0!

6 8/13/98 14:50 6.0 4B-R8-T6HR-6 400 GW Only 0 10 50 360.0 #DIV/0!

6 8/14/98 7:05 22.3 4B-R8-T20HR-6A 400 GW Only 0 20 70 350.0 #DIV/0!

6 8/14/98 8:50 24.0 4B-R8-T24HR-6 400 GW Only 0 10 80 330.0 #DIV/0!

6 8/17/98 8:50 96.0 4B-R8-T120HR-6 400 GW Only 0 10 90 320.0 #DIV/0!

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidationas a Technology for GroundwaterRemediationat the INEEL TAN Site

Exp. |4B-R8 For additional comments, RMAL Labortory Research Book
Mn04- Calb. Slope: 0.046 STOCK SOLN ABS: NA DF: NA Cone (ppm):
Calibration Date: 5/5/98

mg Mn04-
pH DataiafiS3fisiM_:^m-.-'^;i/t^:..^^ •'". .";. '. V;. •

KMn04 Initial Aliquot Final Final mg Mn04 Cum. Cum

Reactor

No.

Added Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot PH
(mg) (mg/L) (mg/L) DF (mg/L) in Interval Consumec permLGW

5 0 0 NA NA 30900 0 0 0.00 0 8.18

5 16000.7 30900 34 801 27314 1399 1399 3.50 273.1 2.89

5 16000.7 27314 35 801 27715 -152 1246 3.12 277.1 2.95

5 16000.7 27715 34 801 27474 89 1335 3.34 274.7 2.84

5 16000.7 27474 34 801 27394 29 1364 3.41 547.9 2.86

5 16000.7 27394 33 801 26673 245 1609 4.02 266.7 2.95

5 16000.7 26673 33 801 26673 0 1609 4.02 266.7 3.36

5 16000.7 26673 33 801 26033 205 1814 4.54 260.3 2.23

6 0 0 NA NA 30900 0 0 0.00 0 8.15

6 16000.7 30900 34 801 27074 1492 1492 3.73 270.7 2.89
6 16000.7 27074 34 801 27554 -183 1310 3.27 275.5 3.02

6 16000.7 27554 33 801 26353 445 1754 4.39 263.5 2.93

6 16000.7 26353 34 801 27474 -404 1351 3.38 274.7 2.93

6 16000.7 27474 34 801 26834 224 1575 3.94 536.7 2.93
6 16000.7 26834 33 801 26593 79 1654 4.14 265.9 3.36

6 16000.7 26593 33 801 26753 -51 1603 4.01 267.5 2.27

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4B-R8 For additional comments, RMAL Labortory Research Book

Cum. % of Init A % of Total Cum% mgTCEORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE

Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

5 1535 982.190 2.73 2.65 1.009.507 1.00 0.0 0.0 0.0% 0.0% 0.0% 10.10

5 1549 621 3.02 3.10 603 0.00 393.5 393.5 97.4% 48.8% 48.8% 0.01

5 1563 249 3.05 3.29 231 0.00 0.1 393.6 0.0% 0.0% 48.8% 0.00

5 1577 139 3.01 3.55 118 0.00 0.0 393.7 0.0% 0.0% 48.8% 0.00

5 1591 169 2.99 3.95 127 0.00 0.0 393.7 0.0% 0.0% 48.8% 0.00

5 1605 79 2.96 3.56 66 ^ -: •_.
nnn 0.0 393.7 0.0% 0.0% 48.8% 0.00

5 1619 0 3.14 3.37 1 ND, Birr ENTERED AS 1 PPBFOR 0.0 393.7 0.0% 0.0% 48.9% 0.00

5 1633 0 3.04 3.46 1 PLOTTING LOG SCALE 00 393.7 0.0% 0.0% 48.9% 0.00

6 1536 1,211,953 2.83 3.10 1,105,686 1.00 0.0 0.0 0.0% 0.0% 0.0% 11.06

6 1550 659 3.02 2.80 709 0.00 430.9 430.9 97.4% 53.3% 53.3% 0.01

6 1564 221 3.02 3.38 198 0.00 0.2 431.1 0.0% 0.0% 53.3% 0.00

6 1578 0 3.00 3.60 1 0.00 0.1 431.2 0.0% 0.0% 53.3% 0.00

6 1592 190 2.98 3.13 182 0.00 -0.1 431.1 0.0% 0.0% 53.3% 0.00

6 1606 0 2.94 2.90 1 0.00 0.1 431.2 0.0% 0.0% 53.3% 0.00

6 1620 0 3.14 3.22 1 0.00 0.0 431.2 0.0% 0.0% 53.3% 0.00

6 1634 0 3.06 3.71 1 0.00 0.0 431.2 0.0% 0.0% 53.3% 0.00

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In SituChemical Oxidation asaTechnology for Groundwater Remediation at the INEEL TAN Site

Experiment: 4b-RII
Solid Media

Sludge
Initial TCE (ppb)

10,000

Experiment Start Date:

Co-Contaminant?

NO

For additional comments, RMAL Labortory Research Book
Mn04- Cones. (%)
.Ol&.l

6/9/98

Comments:

The spike goal for this experiment in Table 2-7 was originally100 ppm.
However, it turned out to be approx 40 ppm,butcontinued with therun, Thus, thisis essentially Run9 in theoriginal Table2-7.

SPIKE SOLUTION PREPARATION

Prepareda 100ppmTCE spiking solution inTediar bag using 2272.7gm ofspargedgroundwater and 227.3mL ofsaturated
(1100 ppm) TCE solution. Placed bag in incubatorset at 12 C.

GC Analysis _f Spike Solution
ORNL

GC#

Sample
Name

Sample
Time

Extract

Cone.

(PPb)

Flag Hexane

Volume

(mL)

Aqueous
Volume

(mL)

Aqueous
Cone.

(PPb)

696 4B-R11-TB-A 6/10/98 10:30 42,920 5.04 5.00 43,266

697 4B-R11-TB-B 6/10/98 10:30 41,653 5.07 5.00 42,247

Prepared by: S.R. Cline LastUpdatcd: 10/22/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-Rll For additional comments, RMAL Labortory Research Book

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at US

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

6/11/98 8:45 0.0 4B-R11-T0-1A 360 GW Only 0.0 20 20 360.0 NA

6/11/98 9:15 0.5 4B-R11-T30MIN-1 360 GW Only 0 10 30 340.0 NA

6/11/98 10:45 2.0 4B-R11-T2HR-1 360 GW Only 0 10 40 330.0 NA

6/11/98 12:45 4.0 4B-R11-T4HR-1 360 GW Only 0 10 50 320.0 NA

6/11/98 14:45 6.0 4B-R11-T6HR-1 360 GW Only 0 10 60 310.0 NA

6/12/98 4:50 20.1 4B-R11-T20HR-1 360 GW Only 0 10 70 300.0 NA

6/12/98 8:45 24.0 4B-R11-T24HR-1A 360 GW Only 0 20 90 290.0 NA

2 6/11/98 8:45 0.0 4B-R11-T0-2 363 GW Only 0.0 10 10 363.0 NA

2 6/11/98 9:15 0.5 4B-R11-T30MIN-2A 363 GW Only 0 20 30 353.0 NA

2 6/11/98 10:45 2.0 4B-R11-T2HR-2 363 GW Only 0 10 40 333.0 NA

2 6/11/98 12:45 4.0 4B-R11-T4HR-2 363 GW Only 0 10 50 323.0 NA

2 6/11/98 14:45 6.0 4B-R11-T6HR-2 363 GW Only 0 10 60 313.0 NA

2 6/12/98 4:50 20.1 4B-R11-T20HR-2 363 GW Only 0 10 70 303.0 NA

2 6/12/98 8:45 24.0 4B-R11-T24HR-2 363 GW Only 0 10 80 293.0 NA

Prepared by: S.R. Cline LastUpdated: 10/23/98



Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. |4b-RII For additional comments, RMAL Labortory Research Book
Mn04- Calb. Slope: 0.046 STOCKConc.(ppm): 50.1 DF: 800 Cone (ppm): 40080

1Calibration Date: 5/5/98

mg Mn04-
pHDat!_.ii._SJMI&..i„'..

Volume Initial Aliquot Final Final mg Mn04 Cum. Cum

Reactor Stock Mn04 Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot pH
No. Added (mL) (mg/L) (mg/L) DF (mg/L) in Interval Consumec per gram

0 0 NA NA NA NA NA NA NA 7.98

0 0 NA NA NA NA NA NA NA 8

0 0 NA NA NA NA NA NA NA 8.01

0 0 NA NA NA NA NA NA NA 7.99

0 0 NA NA NA NA NA NA NA 8.01

0 0 NA NA NA NA NA NA NA 8.07

0 0 NA NA NA NA NA NA NA 8.13

2 0 0 NA NA NA NA NA NA NA 8.08

2 0 0 NA NA NA NA NA NA NA 8.1

2 0 0 NA NA NA NA NA NA NA 8.1

2 0 0 NA NA NA NA NA NA NA 8.1

2 0 0 NA NA NA NA NA NA NA 8.11

2 0 0 NA NA NA NA NA NA NA 8.13

2 0 0 NA NA NA NA NA NA NA 8.19

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-Rll For additional comments, RMAL Labortory Research Book

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. % of Init Aq % of Total Cum % mgTCE

Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidized TCE Oxidized Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

698 29,269 3.05 2.89 30,903 NA NA NA NA NA NA

NA

0.62

705 32,191 3.06 3.66 26,893 NA NA NA NA NA 0.27

712 34,929 3.05 3.42 31,199 NA NA NA NA NA NA 0.31

719 38,293 3.07 3.57 32,922 NA NA NA NA NA NA 0.33

726 40,592 2.95 3.68 32,581 NA NA NA NA NA NA 0.33

733 0 ERR? 3.06 3.50 ERR? NA NA NA NA NA NA 0.00

740 35,694 3.04 3.40 32,003 NA NA NA NA NA NA 0.64

2 699 36,867 3.05 3.74 30,078 NA NA NA NA NA NA 0.30

2 706 30,289 3.07 2.96 31,391 NA NA NA NA NA NA 0.63

2 713 35,660 3.04 3.51 30,917 NA NA NA NA NA NA 0.31

2 720 39,446 3.06 3.56 33,916 NA NA NA NA NA NA 0.34

2 727 36,701 3.05 3.61 30,952 NA NA NA NA NA NA 0.31

2 734 37,043 3.05 3.60 31,394 NA NA NA NA NA NA 0.31

2 741 39,903 3.04 3.61 33,544 NA NA NA NA NA NA 0.34

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

4b-Rll For additional comments, RMAL Labortory Research Book

Volume Solid

Sample Data

vol (mL) Cum Actual Actual
RXN

Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

3 6/11/98 8:45 0.0 4B-R11-T0-3 379 TSF Sludc 94.2 10 10 379.0 4.0

3 6/11/98 9:15 0.5 4B-R11-T30MIN-3 379 TSF Sludc 94.2 10 20 369.9 3.9

3 6/11/98 10:45 2.0 4B-R11-T2HR-3A 379 TSF Sludc 94.2 20 40 359.9 3.8

3 6/11/98 12:45 4.0 4B-R11-T4HR-3 379 TSF Sludg 94.2 10 50 339.9 3.6

3 6/11/98 14:45 6.0 4B-R11-T0-1A 379 TSF Sludg 94.2 10 60 329.9 3.5

3 6/12/98 4:50 20.1 4B-R11-T20HR-3 379 TSF Sludg 94.2 10 70 319.9 3.4

3 6/12/98 8:45 24.0 4B-R11-T24HR-3 379 TSF Sludc 94.2 10 80 309.9 3.3

4 6/11/98 8.45 0.0 4B-R11-T0-4 381 TSF Sludc 95.2 10 10 381.0 4.0

4 6/11/98 9:15 0.5 4B-R11-T30MIN-4 381 TSF Sludc 95.2 10 20 372.0 3.9

4 6/11/98 10:45 2.0 4B-R11-T2HR-4 381 TSF Sludc 95.2 10 30 362.0 3.8

4 6/11/98 12:45 4.0 4B-R11-T4HR-4A 381 TSF Sludc 95.2 20 50 352.0 3.7

4 6/11/98 14:45 6.0 4B-R11-T6HR-4 381 TSF Sludc 95.2 10 60 332.0 3.5

4 6/12/98 4:50 20.1 4B-R11-T20HR-4 381 TSF Sludc 95.2 10 70 322.0 3.4

4 6/12/98 8:45 24.0 4B-R11-T24HR-4 381 TSF Sludc 95.2 10 80 312.0 3.3

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation of InSitu Chemical Oxidation as aTechnology for Groundwater Remediation atthe INEEL TAN Site

Exp. |4b-Ril For additional comments, RMAL Labortory Research Book
Mn04-Calb. Slope: 0.046 STOCKConc.(ppm): 50.1 DF: 800 Cone (ppm): 40080

Calibration Date: 5/5/98

pHDat
Bg>mw__wK-fi-iM

Volume Initial Aliquot Final Final mg Mn04 Cum. Cum mg Mn04-

Reactor Stock Mn04 Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot PH

No. Added (mL) (mg/L) (mg/L) DF (mg/L) in Interval Consumec per gram

3 0 0 NA NA 102.7 0 0 0 0 7.21

3 0.948 102.7 0.04 1 0.0 38.0 38.0 0.4 0.0 7.13

3 0.948 0.0 0.50 1 0.5 -0.2 37.8 0.4 0.0 7.1

3 0.948 0.5 0.34 1 0.3 0.1 37.9 0.4 0.0 7.11

3 0.948 0.3 0.30 1 0.3 0.0 37.9 0.4 0.0 7.13

3 0.948 0.3 0.99 1 1.0 -0.2 37.7 0.4 0.0 7.2

3 0.948 1.0 0.97 1 1.0 0.0 37.7 0.4 0.0 7.32

4 0 0 NA NA 102.7 0.0 0.0 0.0 0.0 7.2

4 0.953 102.7 0.27 1 0.3 38.1 38.1 0.4 0.0 7.2

4 0.953 0.3 0.36 1 0.4 0.0 38.1 0.4 0.0 7.16

4 0.953 0.4 0.31 1 0.3 0.0 38.1 0.4 0.0 7.19

4 0.953 0.3 0.25 1 0.3 0.0 38.1 0.4 0.0 7.2

4 0.953 0.3 0.84 1 0.8 -0.2 37.9 0.4 0.0 7.26

4 0.953 0.8 1.03 1 1.0 -0.1 37.9 0.4 0.0 7.39

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

4b-Rll For additionalcomments, RMAL LabortoryResearch Book

% of Init Aq % of Total Cum% mgTCE
ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mg ICE Cum.

Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidized TCE Oxidized Total ICE in Aliquot

No. (PPb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval (Jxidizcd

3 700 17,264 3.05 3.49 15,127 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.15

3 707 12,457 3.06 3.39 11,271 0.75 1.4 1.4 24.9% 12.3% 12.3% 0.11

3 714 13,673 3.03 3.73 11,134 0.74 0.0 1.5 0.9% 0.4% 12.8% 0.22

3 721 14,137 3.08 3.52 12,359 0.82 -0.4 1.1 -7.3% -3.6% 9.2% 0.12

3 728 14,335 3.06 3.61 12,155 0.80 0.1 1.1 1.2% 0.6% 9.7% 0.12

3 735 14,698 3.04 3.48 12,849 0.85 -0.2 0.9 -3.9% -1.9% 7.8% 0.13

3 742 13,021 3.07 3.15 12,697 0.84 0.0 1.0 0.8% 0.4% 8.2% 0.13

4 701 14,827 3.06 3.22 14,109 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.14

4 708 12,553 3.06 3.47 11,076 0.79 1.1 1.1 21.0% 9.7% 9.7% 0.11

4 715 13,040 3.07 3.73 10,713 0.76 0.1 1.3 2.4% 1.1% 10.8% 0.11

4 722 11,665 3.08 2.97 12,072 0.86 -0.5 0.8 -8.9% -4.1% 6.7% 0.24

4 729 14,688 3.08 3.85 11,748 0.83 0.1 0.9 2.0% 0.9% 7.6% 0.12

4 736 12,394 3.07 3.43 11,090 0.79 0.2 1.1 3.9% 1.8% 9.5% 0.11

4 743 11,347 3.08 2.93 11,910 0.84 -0.3 0.8 -4.8% -2.2% 7.3% 0.12

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation of InSitu Chemical Oxidation as aTechnology for Groundwater Remediation attheINEEL TANSite

Exp. 4b-Rll For additional comments, RMAL Labortory Research Book

.;>_;•;•••:•:•:"::'•

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

5 6/11/98 8:45 0.0 4B-R11-T0-5 376 TSF Sludc 93.7 10 10 376.0 4.0

5 6/11/98 9:15 0.5 4B-R11-T30MIN-5 376 TSF Sludc 93.7 10 20 375.7 4.0

5 6/11/98 10:45 2.0 4B-R11-T2HR-5 376 TSF Sludc 93.7 10 30 365.7 3.9

5 6/11/98 12:45 4.0 4B-R11-T4HR-5 376 TSF Sludg 93.7 10 40 355.7 3.8

5 6/11/98 14:45 6.0 4B-R11-T6HR-5A 376 TSF Sludc 93.7 20 60 345.7 3.7

5 6/12/98 4:50 20.1 4B-R11-T20HR-5 376 TSF Sludg 93.7 10 70 325.7 3.5

5 6/12/98 8:45 24.0 4B-R11-T24HR-5 376 TSF Sludg 93.7 10 80 315.7 3.4

6 6/11/98 8:45 0.0 4B-RII-T0-6 365 TSF Sludg 90.6 10 10 365.0 4.0

6 6/11/98 9:15 0.5 4B-R11-T30MIN-6 365 TSF Sludg 90.6 10 20 364.4 4.0

6 6/11/98 10:45 2.0 4B-R11-T2HR-6 365 TSF Sludg 90.6 10 30 354.4 3.9

6 6/11/98 12:45 4.0 4B-R11-T4HR-6 365 TSF Sludc 90.6 10 40 344.4 3.8

6 6/11/98 14:45 6.0 4B-R11-T6HR-6 365 TSF Sludg 90.6 10 50 334.4 3.7

6 6/12/98 4:50 20.1 4B-R11-T20HR-6A 365 TSF Sludg 90.6 20 70 324.4 3.6

6 6/12/98 8:45 24.0 4B-R11-T24HR-6 365 TSF Sludg 90.6 10 80 304.4 3.4

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation asaTechnology forGroundwater Remediation at the INEEL TAN Site

Exp. |4b-Rl 1 For additional comments, RMAL Labortory Research Book
Mn04- Calb. Slope: 0.046 STOCKConc(ppm): 50.1 DF: 800 Cone (ppm): 40080

Calibration Dale: 5/5/98

pH'batmBSSBmawM

Volume Initial Aliquot Final Final mg Mn04 Cum. Cum mg Mn04-

Reactor Stock Mn04 Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot pH
No. Added (mL) (mg/L) (mg/L) DF (mg/L) in Interval Consumec per gram

5 0 0 NA NA 1029.6 0.0 0.0 0.0 0.0 7.11

5 9.65 1029.6 90.8 2 181.6 318.6 318.6 3.4 1.8 7.08

5 9.65 181.6 0.0 1 0.0 66.4 384.9 4.1 0.0 7.25

5 9.65 0.0 0.2 1 0.2 0.0 384.9 4.1 0.0 7.31

5 9.65 0.2 0.4 1 0.4 -0.1 384.8 4.1 0.0 7.3

5 9.65 0.4 1.0 1 1.0 -0.2 384.6 4.1 0.0 7.4

5 9.65 1.0 1.0 1 1.0 0.0 384.6 4.1 0.0 7.52

6 0 0 NA NA 1033.9 0.0 0.0 0.0 0.0 7

6 9.4 1033.9 0.1 1 0.1 376.7 376.7 4.2 0.0 7.02

6 9.4 0.1 0.1 1 0.1 0.0 376.7 4.2 0.0 7.23

6 9.4 0.1 0.2 1 0.2 0.0 376.7 4.2 0.0 7.26

6 9.4 0.2 0.2 1 0.2 0.0 376.7 4.2 0.0 7.28

6 9.4 0.2 0.8 1 0.8 -0.2 376.5 4.2 0.0 7.38

6 9.4 0.8 1.1 1 1.1 -0.1 376.4 4.2 0.0 7.55

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-Rll Foradditional comments, RMAL Labortory Research Book

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. % of Init Aq % of Total Cum% mgTCE
Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidized TCE Oxidized Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

5 702 15.813 3.04 3.73 12.885 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.13

5 709 2,670 3.07 3.72 2,198 0.17 4.0 4.0 82.9% 35.0% 35.0% 0.02

5 716 5,401 3.07 3.56 4,664 0.36 -0.9 3.1 -18.6% -7.9% 27.2% 0.05

5 723 6,209 3.08 3.58 5,341 0.41 -0.2 2.9 -5.0% -2.1% 25.1% 0.05

5 730 6,141 3.08 3.28 5,758 0.45 -0.1 2.7 -3.0% -1.3% 23.8% 0.12

5 737 6,676 3.07 3.13 6,532 0.51 -0.3 2.5 -5.2% -2.2% 21.6% 0.07

5 744 7,595 3.08 3.30 7,074 0.55 -0.2 2.3 -3.5% -1.5% 20.1% 0.07

6 703 14,399 3.06 3.75 11,739 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.12

6 710 6,370 3.07 3.50 5,589 0.48 2.2 2.2 52.3% 20.1% 20.1% 0.06

6 717 8,134 3.07 3.46 7,226 0.62 -0.6 1.7 -13.5% -5.2% 14.9% 0.07

6 724 7,967 3.09 3.40 7,247 0.62 0.0 1.7 -0.2% -0.1% 14.9% 0.07

6 731 7,105 3.08 2.90 7,552 0.64 -0.1 1.6 -2.4% -0.9% 13.9% 0.08

6 738 9,290 3.07 3.15 9,058 0.77 -0.5 1.1 -11.4% -4.4% 9.6% 0.18

6 745 17,724 3.08 3.25 16,795 1.43 -2.4 -1.3 -55.0% -21.2% -11.6% 0.17

Prepared by: S.R. Cline LastUpdated: 10/23/98
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LaboratoryEvaluation of In Situ Chemical Oxidation asa Technology forGroundwater Remediation at the INEEL TAN Site

Experiment: 4b-R12
Solid Media

Sludge
Initial TCE (ppb)

100,000

Experiment Start Date:

Co-Contaminant?

NO

For additional comments, RMAL Labortory Research Book
Mn04- Cones. (%)

1 &3

6/16/98

SPIKE SOLUTION PREPARATION

Prepared a 100 ppm TCE spiking solution inTedlar bag using 2222.2 gm ofsparged groundwater and and 277.8 mL ofsaturated
TCEspiking solution. Contents were analyzed andanalysis proved solution concentration average of60ppm.
Added an additional 375 mL of saturated TCE and let equilibrate overnight al 12C.

GC Analysis dI Spike Solution
ORNL

GC#

Sample
Name

Sample
Time

Extract

Cone.

(ppb)

Flag Hexane

Volume

(mL)

Aqueous
Volume

(mL)

Aqueous
Cone.

(ppb)

830 4b-R12-TB-A 6/16/98 8:00 110,301 4.50 5.00 99,285

831 4b-R12-TB-B 6/16/98 8:00 98,512 5.07 4.93 101,296

Prepared by: S.R. Cline LastUpdated: 10/22/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R12 For additional comments, RMAL Labortory Research Book

I V$glgtf!l£*(-; •'•• ",«

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GWUsed Media Mass aqueous Aliquot Vol at L/S

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

6/17/98 9:00 0.0 4B-R12-T0-1A 360 GW Only 0.0 20 20 360.0 NA

6/17/98 9:30 0.5 4B-R12-T30MIN-1 360 GW Only 0 10 30 340.0 NA

6/17/98 11:00 2.0 4B-R12-T2HR-1 360 GW Only 0 10 40 330.0 NA

6/17/98 13:00 4.0 4B-R12-T4HR-1 360 GW Only 0 10 50 320.0 NA

6/17/98 15:00 6.0 4B-R12-T6HR-1 360 GW Only 0 10 60 310.0 NA

6/18/98 4:55 19.9 4B-R12-T20HR-1 360 GW Only 0 10 70 300.0 NA

6/18/98 9:00 24.0 4B-R12-T24HR-1A 360 GW Only 0 20 90 290.0 NA

2 6/17/98 9:00 0.0 4B-R12-T0-2 361 GW Only 0.0 10 10 361.0 NA

2 6/17/98 9:30 0.5 4B-R12-T30MIN-2A 361 GW Only 0 20 30 351.0 NA

2 6/17/98 11:00 2.0 4B-R12-T2HR-2 361 GW Only 0 10 40 331.0 NA

2 6/17/98 13:00 4.0 4B-R12-T4HR-2 361 GW Only 0 10 50 321.0 NA

2 6/17/98 15:00 6.0 4B-R12-T6HR-2 361 GW Only 0 10 60 311.0 NA

2 6/18/98 4:55 19.9 4B-R12-T20HR-2 361 GW Only 0 10 70 301.0 NA

2 6/18/98 9:00 24.0 4B-R12-T24HR-2 361 GW Only 0 10 80 291.0 NA

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. |4b-R12 For additional comments, RMAL Labortory Research Book
Mn04- Calb. Slope: 0.046 STOCK SOLN ABS: NA DF: NA Cone (ppm) NA

Calibration Date: 5/5/98

Final Final mg Mn04
pHDat

KMn04 Initial Aliquot mg Mn04- Cum. Cum

Reactor Added Mn04- Mn04- Spec Mn04- Consumed mg Mn04- mg Mn04 in Aliquot pH

No. (mg) (mg/L) (mg/L) DF (mg/L) in Interval Consumed per gram

0 0 NA NA NA NA NA NA NA 7.88

0 0 NA NA NA NA NA NA NA 7.98

0 0 NA NA NA NA NA NA NA 7.97

0 0 NA NA NA NA NA NA NA 7.96

0 0 NA NA NA NA NA NA NA 7.96

0 0 NA NA NA NA NA NA NA 7.94

0 0 NA NA NA NA NA NA NA 7.94

2 0 0 NA NA NA NA NA NA NA 8.03

2 0 0 NA NA NA NA NA NA NA 8.02

2 0 0 NA NA NA NA NA NA NA 8.01

2 0 0 NA NA NA NA NA NA NA 8.02

2 0 0 NA NA NA NA NA NA NA 8.02

2 0 0 NA NA NA NA NA NA NA 8.04

2 0 0 NA NA NA NA NA NA NA 8.08

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. ]4b-R12 [For additional commenls, RMAL Labortory Research Book

Prepared by: S.R. Cline
LastUpdated: 10/23/98



Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Foradditional comments, RMAL Labortory Research Book
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. |4b-R12 For additional comments, RMAL Labortory Research Book
Mn04- Calb. Slope: 0.046|STOCK SOLN ABS: NA DF: NA Cone (ppm) NA

Calibration Date: 5/5/98
•^" pHbatmsMmm,-^..^^;:^

KMn04 Initial Aliquot Final Final mg Mn04- Cum. Cum mg Mn04 -

Reactor Added Mn04- Mn04- Spec Mn04- Consumed mg Mn04- mg Mn04 in Aliquot pH
No. (mg) (mg/L) (mg/L) DF (mg/L) in Interval Consumed per gram

3 0 0 NA NA 10224.5 0 0 0 0 6.47

3 4860 10225 8.7 401 3488.7 2411 2411 26 34.9 6.79

3 4860 3489 5.7 401 2265.7 426 2837 31 45.3 6.95

3 4860 2266 9.6 201 1935.6 108 2945 32 19.4 7.03

3 4860 1936 15.4 101 1555.4 121 3066 33 15.6 7.11

3 4860 1555 0.7 1 0.7 479 3545 39 0.0 7.18

3 4860 1 0.1 1 0.1 0 3545 39 0.0 7.2

4 0 0 NA NA 10223.0 0 0 0 0 6.46

4 4900 10223 6.9 401 2758.9 2695 2695 29 27.6 6.75

4 4900 2759 6.1 401 2462.1 104 2799 30 24.6 6.92

4 4900 2462 10.9 201 2190.9 92 2891 31 43.8 6.99

4 4900 2191 19.9 101 2009.9 58 2949 32 20.1 7

4 4900 2010 21.2 41 869.2 355 3304 36 8.7 7.13

4 4900 869 15.5 41 635.5 70 3374 36 6.4 7.27

Prepared by: S.R. Cline LastUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation asa Technology for Groundwater Remediation at the INEELTAN Site

Exp. 4b-R12 For additional comments, RMAL Labortory Research Book

ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. % of Init A % or Total Cum % mgTCE

Reactor GCf, Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

3 834R 62,170 3.06 3.44 55,286 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.55

3 841 274 3.10 3.64 233 n.on 19.7 19.7 96.9% 66.5% 66.5% 0.00

3 848 265 3.06 " 210
Steven Robert Clir

attempt to rediltue
unsecessful

ie:
0.0 19.7 0.0% 0.0% 66.5% 0.00

3 855 290 ——^056 3.70 240 0.0 19.7 0.0% 0.0% 66.5% 0.00

3 862 108 U 3.06 4.40 75 0.1 19.8 0.3% 0.2% 66.6% 0.00

3 869 192 3.04 3.86 152 0.0 19.7 -0.1% -0.1% 66.6% 0.00

3 876 415 3.08 3.69 347 0.01 -0.1 19.7 -0.3% -0.2% 66.4% 0.00

4 835R 63,514 3.07 3.58 54,538 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.55

4 842 244 3.08 3.93 191 0.00 19.6 19.6 97.0% 65.6% 65.6% 0.00

4 849 356 3.06 3.75 291 0.01 0.0 19.6 -0.2% -0.1% 65.5% 0.00

4 856 291 3.07 4.02 222 0.00 0.0 19.6 0.1% 0.1% 65.6% 0.00

4 863 109 U 3.10 4.36 77 U 0.00 0.0 19.7 0.2% 0.2% 65.8% 0.00

4 870 116 U 3.10 3.97 91 U 0.00 0.0 19.7 0.0% 0.0% 65.7% 0.00

4 877 93 U 3.14 3.54 83 u 0.00 0.0 19.7 0.0% 0.0% 65.8% 0.00

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ ChemicalOxidationas a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R12 For additional comments, RMAL Labortory Research Book

ata::Sample D
RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S
No.

5

Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

6/17/98 9:00 0.0 4B-R12-T0-5 369 TSF Sludc 92.2 10 10 369.0 4.0

5 6/17/98 9:30 0.5 4B-R12-T30MIN-5 369 TSF Sludc 92.2 10 20 359.0 3.9

5 6/17/98 11:00 2.0 4B-R12-T2HR-5 369 TSF Sludc 92.2 10 30 349.0 3.8

5 6/17/98 13:00 4.0 4B-R12-T4HR-5 369 TSF Sludc 92.2 10 40 339.0 3.7

5 6/17/98 15:00 6.0 4B-R12-T6HR-5A 369 TSF Sludc 92.2 20 60 329.0 3.6

5 6/18/98 4:55 19.9 4B-R12-T20HR-5 369 TSF Sludc 92.2 10 70 309.0 3.4

5 6/18/98 9:00 24.0 4B-R12-T24HR-5 369 TSF Sludc 92.2 10 80 299.0 3.2

6 6/17/98 9:00 0.0 4B-R12-T0-6 372 TSF Sludc 91.9 10 10 372.0 4.0

6 6/17/98 9:30 0.5 4B-R12-T30M1N-6 372 TSF Sludc 91.9 10 20 362.0 3.9

6 6/17/98 11:00 2.0 4B-R12-T2HR-6 372 TSF Sludc 91.9 10 30 352.0 3.8

6 6/17/98 13:00 4.0 4B-R12-T4HR-6 372 TSF Sludc 91.9 10 40 342.0 3.7

6 6/17/98 15:00 6.0 4B-R12-T6HR-6 372 TSF Sludc 91.9 10 50 332.0 3.6

6 6/18/98 4:55 19.9 4B-R12-T20HR-6A 372 TSF Sludc 91.9 20 70 322.0 3.5

3.36 6/18/98 9:00 24.0 4B-R12-T24HR-6 372 TSF Sludg 91.9 10 80 302.0

.

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. |4b-R12 For additional comments, RMAL Labortory Research Book
Mn04- Calb. Slope: 0.046 STOCK SOLN ABS: NA DF: NA Cone (ppm) NA

Calibration t )ate: 5/5/98 r ^J
nU riot

KMn04 Initial Aliquot Final Final mg Mn04- Cum. Cum mg Mn04-
Reactor Added Mn04- Mn04- Spec Mn04- Consumed mg Mn04- mg Mn04 in Aliquot pH

No. (mg) (mg/L) (mg/L) DF (mg/L) in Interval Consumed per gram

5 0 0 NA NA 30986.7 0 0 0 0 6.41

5 14770 30987 21.4 801 17141.4 4970 4970 54 171.4 6.85

5 14770 17141 17.1 801 13697.1 1202 6173 67 137.0 7.01

5 14770 13697 36.8 401 14756.8 -359 5813 63 147.6 7.12

5 14770 14757 35.1 401 14075.1 224 6038 65 281.5 7.18

5 14770 14075 31.2 401 12511.2 483 6521 71 125.1 7.32

5 14770 12511 28.5 401 11428.5 324 6845 74 114.3 7.49

6 0 0 NA NA 30938.0 0 0 0 0 6.43

6 14870 30938 17.8 801 14257.8 6038 6038 66 142.6 6.75

6 14870 14258 17.9 801 14337.9 -28 6010 65 143.4 6.92

6 14870 14338 34.6 401 13874.6 158 6168 67 138.7 7

6 14870 13875 33.1 401 13273.1 200 6368 69 132.7 7.06

6 14870 13273 33.4 401 13393.4 -39 6329 69 267.9 7.2

6 14870 13393 33.4 401 13393.4 0 6329 69 133.9 7.35

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R12 For additional comments. RMAL Labortory Research Book

Aqueous mgTCE Cum. % of Init A % of Total Cum % mgTCE
ORNL Flag Hexane Aqueous Flag Aq.

GC# Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

s 836R 63,111 3.08 4.06 47.873 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.48

5 843 244 3.09 3.96 190 0.00 17.1 17.1 96.9% 57.6% 57.6% 0.00

5 850 353 3.08 4.02 270 0.01 0.0 17.1 -0.2% -0.1% 57.5% 0.00

5 857 283 Steven Robert 0.0 17.1 0.1% 0.1% 57.5% 0.00

5 864 110
4

u 3.07 2.90 116 U Cline:

Attempted to redllute
unsecessfully

0.0 17.1 0.2% 0.1% 57.7% 0.00

5 871 168 3.10 4.34 120 0.0 17.1 0.0% 0.0% 57.7% 0.00

5 878 96 u 3.14 3.50 87 U 0.0 17.2 0.1% 0.0% 57.7% 0.00

6 837R 64,633 3.09 3.89 51,301 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.51

6 844 264 3.10 3.92 209 0.00 18.5 18.5 96.9% 61.7% 61.7% 0.00

6 851 242 3.06 4.10 181 0.00 0.0 18.5 0.1% 0.0% 61.7% 0.00

6 858 272 3.07 3.88 215 0.00 0.0 18.5 -0.1% 0.0% 61.7% 0.00

6 865 106 u 3.05 4.49 72 u 0.00 0.0 18.5 0.2% 0.2% 61.9% 0.00

6 872 117 u 3.09 4.32 83 u 0.00 0.0 18.5 0.0% 0.0% 61.9% 0.00

6 879 116 u 3.13 3.61 101 u 0.00 0.0 18.5 0.0% 0.0% 61.8% 0.00

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation asa Technology forGroundwater Remediation at the INEEL TAN Site

Experiment: 4b-RI3
Solid Media

Sludge
Initial TCE (ppb)
"DNAPL

Co-Contaminant?

NO

For additional comments, RMAL Labortory Research Book

Mn04- Cones. (%)
.Ol&.l

Experiment Start Date: 7/14/98

Comments:

Per Procedure: Pure TCE added directlyintoeach Reactor/Flask, ASingle Spike Solution Could NotBe Prepared

SPIKE SOLUTION PREPARATION

NA, See Above

NOTE: Aqueous Solubility ol TCE is onlyapprox. 1,100 mg/L (1,100,000 ppb)
Thus, some TCE is present in each react as DNAPL

Predicted Spik e Concentrations Resulting

Reactor No. TCE Added (mg) GW Added (mL) Aq. Cone (p
1 750.6 360 2,085,000

2 726.6 362 2,007,182

3 736.4 367 2,006,540

4 721.3 362 1,992,541

5 727.6 368 1,977,174

6 725.3 360 2,014,722

Preparedby: S.R. Cline LastUpdated: 10/22/98



Laboratory Evaluation of In Situ Chemical Oxidation asaTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-RI3 For additional comments, RMAL Labortory Research Book

Reactor

" No.

RXN Volume Solid vol (mL) Cum Actual Actual

Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at US

Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Samplinc Ratio

7/15/98 8:50 0.0 4B-R13-T0-1A 360 GW Only 0.0 20 20 360.0 NA

7/15/98 9:20 0.5 4B-R13-T30MIN-1 360 GW Only 0 10 30 340.0 NA

7/15/98 10:50 2.0 4B-R13-T2HR-1 360 GW Only 0 10 40 330.0 NA

7/15/98 12:50 4.0 4B-R13-T4HR-1 360 GW Only 0 10 50 320.0 NA

7/15/98 14:50 6.0 4B-R13-T6HR-1 360 GW Only 0 10 60 310.0 NA

7/16/98 7:00 22.2 4B-R13-T20HR-1 360 GW Only 0 10 70 300.0 NA

7/16/98 8:50 24.0 4B-R13-T24HR-1A 360 GW Only 0 20 90 290.0 NA

7/20/98 8:50 120.0 4B-R13-T120HR 360 GW Only 0 10 100 270.0 NA

2 7/15/98 8:50 0.0 4B-R13-T0-2 362 GW Only 0.0 10 10 362.0 NA

2 7/15/98 9:20 0.5 4B-R13-T30MIN-2A 362 GW Only 0 20 30 352.0 NA

2 7/15/98 10:50 2.0 4B-R13-T2HR-2 362 GW Only 0 10 40 332.0 NA

2 7/15/98 12:50 4.0 4B-R13-T4HR-2 362 GW Only 0 10 50 322.0 NA

2 7/15/98 14:50 6.0 4B-R13-T6HR-2 362 GW Only 0 10 60 312.0 NA

2 7/16/98 7:00 22.2 4B-R13-T20HR-2 362 GW Only 0 10 70 302.0 NA

2 7/16/98 8:50 24.0 4B-R13-T24HR-2 362 GW Only 0 10 80 292.0 NA

2 7/20/98 8:50 120.0 4B-R13-T120HR-2a 362 GW Only 0 20 100 282.0 NA

Prepared by: S.R. Cline LastUpdatcd: 10/23/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. |4b-RI3 For additional comments,RMALLabortory Research Book
Mn04-Calb. Slope: 0.046 STOCK Conc.(ppm): 49.8 |DF: I 800 Cone (ppm): 39840

Calibration C ale: 5/5/9 8

Aliquot Final Final mg Mn04-
pHDat

Reactor

Volume Initial mg Mn04 Cum. Cum

Stock Mn( Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot pH

No. Added (mL (mg/L) (mg/L) DF (mg/L) in Interval Consumec per gram

0 0 NA NA NA NA NA NA NA 8.25

0 0 NA NA NA NA NA NA NA 8.1

0 0 NA NA NA NA NA NA NA 8.01

0 0 NA NA NA NA

NA

NA NA NA 8.12

0 0 NA NA NA NA __, NA NA 8.03

2

"2

0 0

0

NA NA NA NA NA NA NA 8

0 NA NA NA NA NA NA NA 8.14

8.27
0 0 NA NA NA NA NA NA NA

0 0 NA NA NA NA NA NA NA 8.26

0 0 NA NA NA NA NA NA NA 8.16

2 0 0 NA NA NA NA NA NA NA 8.13

2 0 0 MA NA NA NA NA NA NA 8.14

2 0

0

0 NA NA NA NA NA NA NA 8.14

2 0 NA NA NA NA NA NA NA 8.13

2 0 0 NA NA NA NA NA NA NA 8.15

2 0 0 NA NA NA NA NA NA NA 8.29

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-RI3 Foradditional comments, RMAL Labortory ResearchBook
57,217

Cum. % of Init A % of Total Cum% mgTCE
ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mg ICb

Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (ppb) (mL) (mL) (PPb) in Interval Oxidized In Interval In Interval Oxidized

1 1105 1564799 3.08 3.61 1,334,621 NA NA NA NA NA NA 26.69

1119 1393518 3.07 3.34 1,280,244 NA NA NA NA NA NA 12.80

1133 1254883 3.07 3.04 1,267,975 NA NA NA NA NA NA 12.68

1147 1285923 3.12 3.10 1,295,554 NA NA NA NA NA NA 12.96

1161 1162801 3.11 3.08 1,173,213 NA NA NA NA NA NA 11.73

1175 1391448 3.10 3.55 1,214,907 NA NA NA NA NA NA 12.15

1189 1377764 3.09 3.22 1,320,584 NA NA NA NA NA NA 26.41

1203 1274431 3.08 3.29 1,193,341 NA NA NA NA NA NA 11.93

2 1106 1599413 3.07 3.81 1,289,274 NA NA NA NA NA NA 12.89

2 1120 1349734 3.07 3.16 1,313,104 NA NA NA NA NA NA 26.26

2 1134 1343460 3.07 3.21 1,285,942 NA NA NA NA NA NA 12.86

2 1148 1169203 3.12 3.06 1,192,213 NA NA NA NA NA NA

NA

11.92

11.45

12.14
2 1162 1081026 3.13 2.96 1,145,103 NA NA NA NA NA

2 1176 1199899 3.11 3.07 1,214,189 NA NA NA NA NA NA

2 1190 1271064 3.08 3.20 1,225,489 NA NA NA NA NA NA 12.25

2 1204 1161823 3.10 2.93 1,232,718 NA NA NA NA NA NA 24.65

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R13 For additional commenls, RMAL Labortory Research Book

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Samplinc Ratio

3 7/15/98 8:50 0.0 4B-R13-T0-3 367 TSF Sludc 91.2 10 10 367.0 4.0

3 7/15/98 9:20 0.5 4B-R13-T30MIN-3 367 TSF Sludc 91.2 10 20 357.9 3.9

3 7/15/98 10:50 2.0 4B-R13-T2HR-3A 367 TSF Sludg 91.2 20 40 347.9 3.8

3 7/15/98 12:50 4.0 4B-R13-T4HR-3 367 TSF Sludg 91.2 10 50 327.9 3.6

3 7/15/98 14:50 6.0 4B-R13-T0-1A j 367 TSF Sludg 91.2 10 60 317.9 3.5

3 7/16/98 7:00 22.2 4B-R13-T20HR-3 367 TSF Sludg 91.2 10 70 307.9 3.4

3 7/16/98 8:50 24.0 4B-R13-T24HR-3 367 TSF Sludg 91.2 10 80 297.9 3.3

3 7/20/98 8:50 120.0 4B-R13-T120HR-3 367 TSF Sludg 91.2 10 90 287.0 3.1

4 7/15/98 8:50 0.0 4B-R13-T0-4 362 TSF Sludg 90.4 10 10 362.0 4.0

4 7/15/98 9:20 0.5 4B-R13-T30MIN-4 362 TSF Sludg 90.4 10 20 352.9 3.9

4 7/15/98 10:50 2.0 4B-R13-T2HR-4 362 TSF Sludg 90.4 10 30 342.9 3.8

4 7/15/98 12:50 4.0 4B-R13-T4HR-4A 362 TSF Sludd, 90.4 20 50 332.9 3.7

4 7/15/98 14:50 6.0 4B-R13-T6HR-4 362 TSF Sludg 90.4 10 60 312.9 3.5

4 7/16/98 7:00 22.2 4B-R13-T20HR-4 362 TSF Sludc 90.4 10 70 302.9 3.4

4 7/16/98 8:50 24.0 4B-R13-T24HR-4 362 TSF Sludc] 90.4 10 80 292.9 3.2

4 7/20/98 8:50 120.0 4B-R13-T120HR-4 362 TSF Sludg 90.4 10 90 282.0 3.1

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. |4b-RI3 For additional comments, RMAL Labortory Research Book
Mn04- Calb. Slope: 0.046|STOCK Conc.(ppm): 49.8 DF: 800 Cone (ppm): 39840

Calibration Date: 5/5/98

mg MnO'
pHDat

Volume Initial mg Mn04-Aliquot Final Final Cum. Cum

Reactor Stock Mnl Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot pH
No. Added (mL (mg/L) (mg/L) DF (mg/L) in Interva Consumer: per gram

3 0 0 NA NA 102.2 0.0 0.0 0.0 0.0 6.58

3 0.918 102.2 1.90 1.9 35.9 35.9 0.4 0.0 6.53

3 0.918 1.9 2.10 2.1 -0.1 35.8 0.4 0.0 6.51

3 0.918 2.1 2.27 2.3 -0.1 35.8 0.4 0.0 6.47

3 0.918 2.3 2.41 2.4 0.0 35.7 0.4 0.0 6.61
3 0.918 2.4 2.72 2.7 -0.1 35.6 0.4 0.0 6.81
3 0.918 2.7 2.74 2.7 0.0 35.6 0.4 0.0 6.81

3 0.918 2.7 4.92 4.9 -0.6 35.0 0.4 0.0 6.93

4

4

4

0

0.905

0.905

0 NA NA 102.2 0.0 0.0 0.0 0.0 6.62

102.2 1.70 1.7 35.5 35.5 0.4 0.0 6.66

1.7 1.88 1.9 -0.1 35.4 0.4 0.0 6.64
4

4

0.905 1.9 2.00 2.0 0.0 35.4 0.4 0.0 6.65

0.905 2.0 2.19 2.2 -0.1 35.3 0.4 0.0 6.73

4 0.905 2.2 2.50 2.5 -0.1 35.2 0.4 0.0 6.8

6.774 0.905 2.5 2.43 2.4 0.0 35.2 0.4 0.0

4 0.905 2.4 3.89 ' 3.9 -0.4 34.8 0.4 0.0 7.13|

Prepared by: S.R. Cline LastUpdatcd: 10/23/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-RI3 For additional comments. RMAL Labortory Research Book
57,217

Cum. % of Init A % of Total Cum% mgTCE
ORNL Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCb

Reactor GC# Cone,

(ppb)

Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (mL) (mL) (PPb) in Interval Oxidized In Interval In Interval Oxidized

3 1107 806012 3.08 3.56 697,355 1.00 0.0 0.0 0.0% 0.0% 0.0% 6.97

3 1121 709234 3.07 3.10 701,608 1.01 -1.5 -1.5 -0.6% -0.2% -0.2% 7.02

3 1135 722145 3.09 2.97 749,934 1.08 -16.8 -18.3 -6.6% -2.3% -2.5% 15.00

3 1149 876862 3.12 3.64 751,840 1.08 -0.6 -19.0 -0.2% -0.1% -2.6%

-3.9%

7.52

3 1163 844639 3.13 3.38 782,642 1.12 -9.8 -28.8 -3.8% -1.3% 7.83

8~57
U.05

3 1177 937410 3.10 3.39 856,547 1.23 -22.8 -51.5 -8.9% -3.1% -7.0%

3 1191 1385474 3.09 3.04 1,405,217 2.02 -163.5 -215.0 -63.9% -22.2% -29.2%

3 1205 1608422 3.07 3.41 1,446,770 2.07 -11.9 -226.9 -4.7% -1.6% -30.8% 14.47

4 1108 848822 3.08 3.55 734,600 1.00 0.0 0.0 0.0% 0.0% 0.0% 7.35

7.U
4 1122 708856 3.06 3.05 711,435 0.97 8.2 8.2 3.1% 1.1% 1.1%

4 1136 810402 3.07 3.43 727,050 0.99 -5.4 2.8 -2.0% -0.7%

1.0%

0.4% 7.27

4 1150 643995 3.12 2.85 704,974 0.96 7.3 10.2 2.8% 1.4% 14.10

8.53
4 1164 900853 3.10 3.27 853,081 1.16 -46.3 -36.2 -17.4% -6.4% -5.0%

4 1178 1003837 3.10 3.40 914,009 1.24 -18.5 -54.6 -6.9% -2.6% -7.6% 9.14

4 1192 1270231 3.08 3.04 1,288,546 1.75 -109.7 -164.3 -41.3% -15.2% -22.8% 12.89

4 1206 1646610 3.09 3.26 1,557,951 2.12 -76.0 -240.3 -28.6% -10.5% -33.3% 15.58

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R13 For additional comments, RMAL Labortory Research Book

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at US

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Samplinc Ratio

5 7/15/98 8:50 0.0 4B-R13-T0-5 368 TSF Sludc 91.8 10 10 368.0 4.0

5 7/15/98 9:20 0.5 4B-R13-T30MIN-5 368 TSF Sludc 91.8 10 20 367.2 4.0

5 7/15/98 10:50 2.0 4B-R13-T2HR-5 368 TSF Sludc 91.8 10 30 357.2 3.9

5 7/15/98 12:50 4.0 4B-R13-T4HR-5 368 TSF Sludc 91.8 10 40 347.2 3.8

5 7/15/98 14:50 6.0 4B-R13-T6HR-5A 368 TSF Sludc 91.8 20 60 337.2 3.7

5 7/16/98 7:00 22.2 4B-R13-T20HR-5 368 TSF Sludc 91.8 10 70 317.2 3.5

5 7/16/98 8:50 24.0 4B-R13-T24HR-5 368 TSF Sludc 91.8 10 80 307.2 3.3

5 7/20/98 8:50 120.0 4B-R13-T120HR-5 368 TSF Sludc 91.8 10 90 288.0 3.1

6 7/15/98 8:50 0.0 4B-R13-TO-6 360 TSF Sludc 90.1 10 10 360.0 4.0

6 7/15/98 9:20 0.5 4B-R13-T30MIN-6 360 TSF Sludc 90.1 10 20 359.0 4.0

6 7/15/98 10:50 2.0 4B-R13-T2HR-6 360 TSF Sludc 90.1 10 30 349.0 3.9

6 7/15/98 12:50 4.0 4B-R13-T4HR-6 360 TSF Sludc 90.1 10 40 339.0 3.8

6 7/15/98 14:50 6.0 4B-R13-T6HR-6 360 TSF Sludc 90.1 10 50 329.0 3.7

6 7/16/98 7:00 22.2 4B-R13-T20HR-6A 360 TSF Sludc 90.1 20 70 319.0 3.5

6 7/16/98 8:50 24.0 4B-R13-T24HR-6 360 TSF Sludc 90.1 10 80 299.0 3.3

6 7/20/98 8:50 120.0 4B-R13-T120HR-6 360 TSF Sludc 90.1 10 90 280.0 3.1

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. |4b-R13 For additional comments, RMAL Labortory Research Book
Mn04- Calb. Slope: 0.046 STOCK Conc.(ppm): 49.8 DF: 800 Cone (ppm): T9840

Calibration Date: 5/5/98
fi~_____2_.

Final Final

___SSi_s__3i

mg MnOA mg Mn04-
pHDatmm®

Volume Initial Aliquot Cum. Cum

Reactor

"No.
Stock Mn( Mn04- Mn04- Spec Mn04- Consumec mg MnO<1 mg Mn04 in Aliquot pH
Added (mL (mg/L) (mg/L) DF (mg/L) in Interval Consumec per gram

5 0 0 NA NA 998.2 0.0 0.0 0.0 0.0 6.51

5 9.2 998.2 1.0 1.0 366.2 366.2 4.0 0.0 6.44

5 9.2 1.0 1.4 1.4 -0.2 366.0 4.0 0.0 6.51

5 9.2 1.4 1.6 1.6 0.0 366.0 4.0 0.0 6.51

5
5

9.2 1.6 1.7 1.7 0.0 365.9 4.0 0.0 6.66

9.2 1.7 2.1 2.1 -0.1 365.8 4.0 0.0 6.8

5

5

9.2 2.1 2.0 2.0 0.0 365.8 4.0 0.0 6.72

9.2 2.0 4.8 4.8 -0.8 365.0 4.0 0.0 7.08

6 0 0 NA NA 998.8 0.0 0.0 0.0 0.0 7.35

6 9 998.8 0.6 0.6 358.4 358.4 4.0 0.0 6.48

6 9 0.6 0.6 0.6 0.0 358.4 4.0 0.0 6.8

6 9 0.6 0.5 0.5 0.0 358.4 4.0 0.0 6.86

6 9 0.5 0.5 0.5 0.0 358.4 4.0 0.0 7.01

6 9 0.5 0.7 0.7 -0.1 358.3 4.0 0.0 7.17

6 9 0.7 0.6 0.6 0.0 358.3 4.0 0.0 7.13

6 9 0.6 1.1| 1 1.1 -0.1 358.2 4.0 0.0 7.68

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Reactor

No.

Exp. 4b-R13 For additional comments, RMAL Labortory Research Book
57,217

ORNL

GC#

Extract Flag Hexane Aqueous Aqueous Flag Aq. mgTCE Cum. % of Init A % of Total Cum% mg TCE

Cone,

(ppb)
Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi

In Interval

TCE Oxidi

In Interval

Tola] TCE
Oxidized

in Aliquol
(mL) (mL) (ppb) in Interval Oxidized

5 1109 723485 3.07 3.63 611.714 1.00 0.0 0.0 0.0% 0.0% 0.0% 6.12

5 1123 461589 3.07 3.07 461,926 0.76 55.0 55.0 24.4% 7.6% 7.6% 4.62

5

5

1137

1151

494215 3.08 2.81 542,095 0.89 -28.6

51.5

26.4 -12.7% -3.9% 3.6%

[0.7%
-0.2%

-1.4%

-7.3%

5.42

3.94

12.60

6.57

7.96

11.67

468831 3.13 3.73 393,665 0.64 77.9

-1.7

22.9%

5 1165 598585 3.13 2.98 629,833 1.03 -79.6 -35.4% -10.9%

5
5

1179

1193

661657 3.10 3.12 656,673 1.07 -8.5 -10.2 -3.8% -1.2%

779813 3.09 3.03 796,150 1.30 -42.8 -53.1 -19.0% -5.9%

5 1207 1349138 3.10 3.58 1,167,351 1.91 -106.9 -160.0 -47.5% -14.7% -22.0%

6 1110 754116 3.09 3.79 614,249 1.00 0.0 0.0 0.0% 0.0% 0.0% 6.14

6 1124 356152 3.09 3.14 350,807 0.57 94.6 94.6 42.8% 13.0% 13.0% 3.51

6

6

1138 482759 3.07 3.36 440,700 0.72 -31.4 63.2 -14.2% -4.3% 8.7% 4.41

1152 521458 3.13 3.65 447,399 0.73 -2.3 60.9 -1.0% -0.3% 8.4% 4.47

6 1166 542263 3.12 3.43 492,918 0.80 -15.0 46.0 -6.8% -2.1% 6.3% 4.93

6 1180 629866 3.10 3.37 579,007 0.94 -27.5 18.5 -12.4% -3.8% 2.5% 11.58

6 1194 610815 3.10 3.32 570,921 0.93 2.4 20.9 1.1% 0.3% 2.9% 5.71

6 1208 1344166 3.09 3.26 1,274,446 2.07 -197.0 -176.1 -89.1% -27.2% -24.3% 12.74

Prepared by: S.R. Cline LastUpdatcd: 10/23/98
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LaboratoryEvaluationor In Situ ChemicalOxidation u • Technology Tor GroundwaterRemediation at the INEELTAN Site
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—

I'lt-v.**

biRfal
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Fill 'J DilT AVO STOEV
RXN Volume SUkJ vd(mL) Cun Adua_ AllHll Vnhme Aliqw* Ftnil Final ____fTI7r> RfffB_____ laTflHrP?^ Hr^H

Rcx.lt*

___*'_

_

1

r.

[

J_

1

"" 2
J

i'
5

ft

1

7

S»mr4e Time Simple GWUmU Malii Mui **mom AHquot Voial us Sh*k Mn MnO*- Mn04- Sp« Mn04- PH go CrwK Vi*irre V.4um_ Cone <n*> (n*>

Time (hn) Nut*

mMratflfiiiEb
(mU

&_C£__ dUbs
(fram.) a*uc4 Vol (ml)

mm
8amf*ng

fflPffil
Rrto Adk-JfmL

£_2-_3
0

Cm|A-)

ism
NA

(mt/l.) DF

S&B- )|JBjfc W*™ SBW* in*') lrr*-t

foffisa_._»s
1247108 3 09

ImL) |ipi*)
l££ tf*,S-.*>"♦

t.3%

'•rrp.-ftffft* i

13195U.S2 21200 22NA NA NA NA 855 tin 2 95 1.304.512

7/15*8 9 20 OS 4B-R13-T30MIN2B 3<2 0W Only 0 10 NA 4. NA 0 NA NA NA NA tie 1125 1220628 308 2 91 1.298.774 1.1* 1305939.10 10132 47

7/15/98 10 SO 2 0 4B-m3-T2HR-38 3ft7 TSF Sludg 912 10 NA HA NA 0818 NA 21 1 M est 1139 710091 308 294 746.046 0 5% 747W1.t£ 2747.46

7/15-98 12 SO 40 4B-AI3-T4HR-4B 3A2 TSF Sludg HI 10 NA HA NA 0006 NA 20 1 20 6 65 1153 •seats 3 13 377 714.731 -1.4* 709852 78 68VRV4

7(15*8 14 50 60 4B-fl13-T6HR-S8 3ftfl TSF Sludg • 18 10 NA NA NA VI NA 17 1 1.7 6 8S 1167 7324S3 313 362 632.365 •0 4*

V0I 10 NA NA NA V NA 07 1 0.7 717 1181 560662 3 11 319 565.758 2 3* 572182 37

" "i327yfl8ft)
SliMtKH

1(13)8 040 NA NA NA NA 8 14 lies 1280922 3.10 2 97 1.335.233 -1.1*

7/2048 8:50 1200

12O.0

4B-RI3-TI2Chr 2B

4B-R.3-F1

362 GWOnly

GWOnly
am

on

10 NA

vim
NA

*•£___&-
NA 0

Mm
NA

NA NA NA NA 8 29 1209

mm
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1307309

977368

3 09 300 1.345.815

j^-^mmm»e!i _ss- -mr:
4348 263 433

i£_'^E^ MrX":
360 NA NA NA NA NT

1200 4BA13F2 362 GWOnly in NA NA NA NA NA NT 1241 98S44S 430 3 267 424

Taiwvsr* 1200

1200

4BR13F3 367 TSF Sludg 917 NA NA NA NA NA NT 1242 M1251S 4273 362 47S

7/W.lHI 4BRI3F4 362 TSF Sludg W)4 NA NA NA NA NA NT 1243 1160912 4162 35S 445

7/]<W8 It * 1200 4B-R13F5 368 TSF Studs VI 8 NA NA NA NA NA NT 1244 1043915 419.7 372 438

1200 4BR13F6 360 TSF Sludg vol NA NA NA NA NA NT 1245 1017079 401.5 359 408

felW_M__J> iQmk •J&£& ££fi££ mm: gflftti 3__£_K_ fil5fl£ Iffifi 3_fiBE ^BK BKES JBSE&^EMS
000 2.1958

mv^tiswL
NA NA NA NA NA NT 1222R 426755 SIS

7/Kifvll«.5fl 4BR13£HAR-1B Charcoal NA NA NA NA NA NA NT 1223R 25 S17 004 0.0001

7/-.V-* M Vl 4BR13-CHAR-2A Charcoal NA NA NA NA NA NA NT I224R 84047 5.17 0,10 0.4J4S

7/7.WII 8X» 4B^.13-CHAA28 Char-cod NA NA NA NA NA NA NT 122SR 0 519 004 0.0000

7S_IWK * VI 4&R13-CHAR3A Charcoal NA NA NA NA NA NA NT 12261. 61011 SIS 009 0.4193

4B4?13-CHAfl 3B Charcoal HA NA MA HA NA NA MT 1I27R 10 S 18 002 0.0001

4

l

'_~i'.1

ft

A

4B-RI3-CHAR-4A Cterooaf NA NA NA NA NA NA NT 122SR 92432 5 19 0 10 0.4*01

— -

4B-R13-C*tAR-4B Clurcod NA NA NA NA NA NA NT I229R 0 510 004 0.0000

-._._.

7/11VM X.Vi 4BR13CHAR-5A Charcoal HA NA NA NA NA NA NT 1230R 142603 519 0.10 0.7198

7/JiWliK Ml 4BRI3-CHAR-5B Charcoal NA NA 1A NA NA NA NT 1231R 0 520 004 0.0000
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-—
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i
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Experiment: 4B-RI4 For additionalcomments, RMAL LabortoryResearch Book

Solid Media

Sludge
Initial TCE (ppb)
**DNAPL

Co-Contaminant?

NO

Mn04- Cones. (%)

1 &3

Experimenl Start Date: 7/14/98

Comments: „,_.,-, •-, j
PerProcedure: Pure TCE added direclly into each Reactor/Flask, ASingle Spike Solution Could Not Be Prepared

SPIKE SOLUTION PREPARATION

NA, See Above

ResultingPredicted Spike Concentrations

Reactor No. TCE Added (mg) GW Added (mL Aq. Cone (ppb)

734.1

791

-73S3
717.8

719.6

734

Prepared by: S.R. Cline

360

360

"353
367

366

365

2,039,167

2,197,222
2,056,957
1,955,858

1,966,120

2,010,959

NOTE: Aqueous Solubility of TCE isonly approx. 1,100 mg/L (1,100,000 ppb)
Thus, some TCEis present ineach react as DNAPL

LastUpdatcd: 10/22/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4B-RI4 For additional commenls, RMAL Labortory Research Book

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor

No.

Sample Time Sample GW Used Media

type
Mass aqueous Aliquot Vol at US

RatioTime (hrs) Name (mL) (grams) aliquot Vol (mL) Samplinc

7/15/98 8:45 0.0 4B-R14-T0-1A 360 GW Only 0.0 20 20 360.0 NA

7/15/98 9:15 0.5 4B-R14-T30MIN-1 360 GW Only 0 10 30 340.0 NA

7/15/98 10:45 2.0 4B-R14-T2HR-1 360 GW Onl£ 0 10 40 330.0 NA

7/15/98 12:45 4.0 4B-R14-T4HR-1 360 GW Only 0 10 50 320.0 NA

7/15/98 14:45 6.0 4B-R14-T6HR-1 360 GW Only 0 10 60 310.0 NA

7/16/98 7:00 22.2 4B-R14-T20HR-1 360 GW Only 0 10 70 300.0 NA

7/16/98 8:45 24.0 4B-R14-T24HR-1A 360 GW Only 0 20 90 290.0 NA

7/20/98 8:45 120.0 4B-R14-T120HR 360 GW Only 0 10 100 270.0 NA

2 7/15/98 8:45 0.0 4B-R14-T0-2 360 GW Only 0.0 10 I0

30

360.0 NA

NA2 7/15/98 9:15 0.5 4B-R14-T30MIN-2A 360 GW Only 0 20 350.0

2 7/15/98 10:45 2.0 4B-R14-T2HR-2 360 GW Only 0 10 40 330.0 NA

2 7/15/98 12:45 4.0 4B-R14-T4HR-2 360 GW Only 0 10 50 320.0 NA

2 7/15/98 14:45 6.0 4B-R14-T6HR-2 360 GW Only 0 10 60 310.0 NA

2 7/16/98 7:00 22.2 4B-R14-T20HR-2 360 GW Only 0 10 70 300.0 NA

2 7/16/98 8:45 24.0 4B-R14-T24HR-2 360 GW Only 0 10 80 290.0 NA

2 7/20/98 8:45 120.0 4B-R14-T120HR-2a 360 GW Only 0 20 100 280.0 NA

Prepared by: S.R. Cline LastUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. |4B-RI4 For additional comments, RMAL Labortory Research Book
Mn04- Calb. Slope: 0.1346 STOCK SOLN ABS: NA DF: NA Cone (ppm): NA

Calibralion Dale: 5/5/98
§!_______!

Final

___££2__»_____:

Final

$3££~__!_S%4_ pHDat<i^Z&em$r:••" >w**-rn?tw ^SH-'.*^;. $>•*»*•••.'.-. '•:)SitHv«?!*'"«r-?j

KMn04 Initial Aliquot mg Mn04 Cum. Cum mg Mn04-
Reactor

1

Added

(mg)

Mn04-

(mg/L)
Mn04- Spec

DF

Mn04- Consumec

in Interval

NA

mg Mn04 mg Mn04
per gram

in Aliquot PH
(mg/L) (mg/L) Consumec

" 8.050 0 NA NA NA NA NA NA

1 0 0 NA NA NA NA NA NA NA 8.2

1 0 0 NA NA NA NA NA NA NA 8.14

1 0 0 NA NA NA NA NA NA NA 8.01

1

f
0

~~o
0 NA NA NA NA NA NA NA 8.21

0 NA NA NA NA NA NA NA 8.13

1

1 ~~"
0

0

0

0

NA NA

NA

NA

NA

NA

NA

NA NA NA 8.06

NA NA NA NA 8.08

2 0 0 NA NA NA NA NA NA NA 8.21

2 0 0 NA NA NA NA NA NA NA 8.21

2
- -j

0 0 NA NA NA NA NA NA NA 8.15

0 0 NA NA NA NA NA NA NA 8.07

2 0 0 NA NA NA NA NA NA NA 8.18

2

2
_._.._

0 0 NA NA NA NA NA NA NA 8.17

0 0 NA NA NA NA NA NA NA 8.12

0 0 NA NA NA NA NA NA NA 8.23

Prepared by: S.R. Cline LastUpdatcd: 10/23/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4B-R14 For additionalcomments, RMAL Labortory Research Book

itaSample D<

Volume Solid vol (mL) Cum Actual ActualRXN

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at US

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

3 7/15/98 8:45 0.0 4B-R14-T0-3 363 TSF Sludc 90.4 10 10 363.0 4.0

3 7/15/98 9:15 0.5 4B-R14-T30MIN-3 363 TSF Sludc, 90.4 10 20 353.0 3.9

3 7/15/98 10:45 2.0 4B-R14-T2HR-3A 363 TSF Sludc 90.4 20 40 343.0 3.8

3 7/15/98 12:45 4.0 4B-R14-T4HR-3 363 TSF Sludc 90.4 10 50 323.0 3.6

3 7/15/98 14:45 6.0 4B-R14-T0-1A 363 TSF Sludc 90.4 10 60 313.0 3.5

3 7/16/98 7:00 22.2 4B-R14-T20HR-3 363 TSF Sludg 90.4 10 70 303.0 3.4

3 7/16/98 8:45 24.0 4B-R14-T24HR-3 363 TSF Sludg 90.4 10 80 293.0 3.2

3 7/20/98 8:45 120.0 4B-R14-T120HR-3 363 TSF Sludg 90.4 10 90 283.0 3.1

4 7/15/98 8:45 0.0 4B-R14-T0-4 367 TSF Sludg 91.4 10 10 367.0 4.0

4 7/15/98 9:15 0.5 4B-R14-T30MIN-4 367 TSF Sludg 91.4 10 20 357.0 3.9

4 7/15/98 10:45 2.0 4B-R14-T2HR-4 367 TSF Sludg 91.4 10 30 347.0 3.8

4 7/15/98 12:45 4.0 4B-R14-T4HR-4A 367 TSF Sludg 91.4 20 50 337.0 3.7

4 7/15/98 14:45 6.0 4B-R14-T6HR-4 367 TSF Sludg 91.4 10 60 317.0 3.5

4 7/16/98 7:00 22.2 4B-R14-T20HR-4 367 TSF Sludg 91.4 10 70 307.0 3.4

4 7/16/98 8:45 24.0 4B-R14-T24HR-4 367 TSF Sludg 91.4 10 80 297.0 3.2

4 7/20/98 8:45 120.0 4B-R14-T120HR-4 367 TSF Sludg 91.4 10 90 287.0 3.1

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. |4B-RI4 For additional comments, RMAL Labortory Research Book
Mn04- Calb. Slope: 0.046 STOCK SOLN ABS: NA DF; NA Cone (ppm): NA

Calibration Date: 5/5/98

Cum mg Mn04-
pHDatimm

KMn04 Initial Aliquot Final Final mg MnO<l Cum.

Reactor Added Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot pH

No. (mg) (mg/L) (mg/L) DF (mg/L) in Interval Consumec per gram

3 0 0 NA NA 10226 0 0 0 0 6.64

3 4792.9 10226 12 401 4776 1924 1924 21 47.8 6.37

3 4792.9 4776 16 201 3296 507 2431 27 65.9 6.51

3 4792.9 3296 8 201 1700 515 2947 33 17.0 6.51

3

3

4792.9

" 4792:9
1700

1

1 1 1 532 3479 38 0.0 6.62

1

1

1 1 0 3479 38 0.0 6.74

3

3

4792.9

4792.9

1

1

1 1 0 3479 38 0.0 6.83

6 1 6 -1 3477 38 0.1 7

4 0 0 NA NA 10221 0 0 0 0 6.7

4 4844.7 10221 12 401 4772 1945 1945 21 47.7 5.98

4 4844.7 4772 26 201 5186 -144 1802 20 51.9 6.35

4 4844.7 5186 16 201 3276 644 2445 27 65.5 6.48

4 4844.7 3276 23 81 1855 451 2896 32 18.5 6.63

4

4

4844.7 1855 1 1 1 569 3465 38 0.0 6.73

4844.7 1 0 1 0 0 3465 38 0.0 6.74

4 4844.7 0 3 1 3 -1 3464 38 0.0 7

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4B-R14 For additional comments, RMAL LabortoryResearchBook

Solid

Sample Data

Volume vol (mL) Cum Actual Actual

Reactor

No.

RXN

Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at L/S

Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

5 7/15/98 8:45 0.0 4B-R14-T0-5 366 TSF Sludc 91.5 10 10 366.0 4.0

5 7/15/98 9:15 0.5 4B-R14-T30MIN-5 366 TSF Sludc, 91.5 10 20 356.0 3.9

5 7/15/98 10:45 2.0 4B-R14-T2HR-5 366 TSF Sludc 91.5 10 30 346.0 3.8

5
5

7/15/98 12:45 4.0 4B-R14-T4HR-5 366 TSF Sludc 91.5 10 40 336.0 3.7

7/15/98 14:45 6.0 4B-R14-T6HR-5A 366 TSF Sludc 91.5 20 60 326.0 3.6

5 7/16/98 7:00 22.2 4B-R14-T20HR-5 366 TSF Sludc 91.5 10 70 306.0 3.3

5 7/16/98 8:45 24.0 4B-R14-T24HR-5 366 TSF Sludc 91.5 10 80 296.0 3.2

5 7/20/98 8:45 120.0 4B-R14-T120HR-5 366 TSF Sludc 91.5 10 90 286.0 3.1

6 7/15/98 8:45 0.0 4B-R14-T0-6 365 TSF Sludc 91.3 10 10 365.0 4.0

J>

6__
6

7/15/98 9:15 0.5 4B-RI4-T30MIN-6 365 TSF Sludc 91.3 10 20 355.0 3.9

7/15/98 10:45 2.0 4B-R14-T2HR-6 365 TSF Sludg 91.3 10 30 345.0 3.8

7/15/98 12:45 4.0 4B-R14-T4HR-6 365 TSF Sludg 91.3 10 40 335.0 3.7

6 7/15/98 14:45 6.0 4B-R14-T6HR-6 365 TSF Sludg 91.3 10 50 325.0 3.6

6 7/16/98 7:00 22.2 4B-R14-T20HR-6A 365 TSF Sludg 91.3 20 70 315.0 3.5

6 7/16/98 8:45 24.0 4B-R14-T24HR-6 365 TSF Sludg 91.3 10 80 295.0 3.2

6 7/20/98 8:45 120.0 4B-R14-T120HR-6 365 TSF Sludg 91.3 10 90 285.0 3.1

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation ofIn Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. |4B-RI4 For additional comments. RMAL Labortory Research Book

Mn04- Calb. Slope: 0.046 STOCK SOLN ABS: NA |DF: NA Cone (ppm): NA

Calibration Dale: 5/5/98

Final

jSBSSSSgjSgjSJ

Final

pHDatmwmm
mg Mn04 mg Mn04-KMn04 Initial Aliquot Cum. Cum

Reactor

~No.
Added Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot pH

(mg) (mg/L) (mg/L) DF (mg/L) in Interval Consumec per gram

„___5__.r:
5

JJ
14641.6

0 NA NA 30976 0 0 0 0

137.0

6.73

30976 17 801 13697 6151 6151 67 6.24

5 14641.6 13697 36 401 14356 -228 5923 65 143.6 6.4

5 14641.6 14356 35 401 14035 108 6031 66 140.4 6.46

5

5

1464L6

14641.6

14035 39 401 15519 -484 5548 61 310.4 6.74

15519 32 401 12792 834 6382 70 127.9 6.82

5

5

14641.6 12792 31 401 12471 95 6477 71 124.7 6.83

14641.6 12471 43 161 6987 1568 8045 88 69.9 7.14

6 ^ 0 0 NA NA 30979 0j 0 0 0 6.63

6 14602 30979 29 801 23549 2638 2638 29 235.5 6.29

6

6

14602 23549 53 401 21373 751 3388 37 213.7 6.47

14602 21373 49 401 19609 591 3980 44 196.1 6.53

6 14602 19609 41 401 16281 1082 5061 55 162.8 6.72

6 14602 16281 29 401 11509 1503 6564 72 230.2 6.83

6 14602 11509 26 401 10266 367 6931 76 102.7 6.84

6 14602 10266 18 161 2946 2086 9017 99 29.5 7.15

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Experiment: 4b-R15
Solid Media

Sludge
Initial TCE (ppb)

10,000
Co-Con tarn inanl?

NO

Experiment Start Date: C/l.t-'/C?

For additional comments, RMALLabortoryResearch Book
Mn04- Cones. (%
I &3 D

Comments:

Immediately prior to T=0:
Due to crack in reaction vessel 4b-R15-4, sample transferred to new reaction vessel without stopcock assembly, (stopper only)

SPIKE SOLUTION PREPARATION
6/22/98

Prepared a 10ppm TCEspiking solution inTediar bag using 2460.0 gm ofsparged groundwater and and40.0mL ofsaturated
TCE spiking solution.

GC Analysis of Spike Solution
ORNL

GC#

Sample
Name

Sample

Time

Extract

Cone.

(ppb)

Flag Hexane

Volume

(mL)

Aqueous
Volume

(mL)

Aqueous
Cone.

(ppb)
897 4B-R15-TB-A 6/23/98 7:30 8,816 5.13 4.89 9,245
898 4B-R15-TB-B 6/23/98 7:30 8,763 5.10 4.91 9,114

Prepared by: S.R. Cline LastUpdated: 10/22/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R15 For additional comments, RMAL Labortory Research Book

Volume Solid

Sample Data

vol (mL) Cum Actual Actual
RXN

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at US

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

6/24/98 8:45 0.0 4B-R15-T0-1A 363.4 GW Only 0.0 20 20 363.4 NA

6/24/98 9:15 0.5 4B-R15-T30MIN-1 363.4 GW Only 0 10 30 343.4 NA

6/24/98 10:45 2.0 4B-R15-T2HR-1 363.4 GW Only 0 10 40 333.4 NA

6/24/98 12:45 4.0 4B-R15-T4HR-1 363.4 GW Only 0 10 50 323.4 NA

6/24/98 14:45 6.0 4B-R15-T6HR-1 363.4 GW Only 0 10 60 313.4 NA

6/25/98 7:02 22.3 4B-R15-T20HR-1 363.4 GW Only 0 10 70 303.4 NA

6/25/98 8:45 24.0 4B-R15-T24HR-1A 363.4 GW Only 0 20 90 293.4 NA

2 6/24/98 8:45 0.0 4B-R15-T0-2 359.8 GW Only 0.0 10 10 359.8 NA

NA
2 6/24/98 9:15 0.5 4B-R15-T30MIN-2A 359.8 GW Only 0 20 30 349.8

2 6/24/98 10:45 2.0 4B-R15-T2HR-2 359.8 GW Only 0 10 40 329.8 NA

2 6/24/98 12:45 4.0 4B-R15-T4HR-2 359.8 GW Only 0 10 50 319.8 NA

2 6/24/98 14:45 6.0 4B-R15-T6HR-2 359.8 GW Only 0 10 60 309.8 NA

2 6/25/98 7:02 22.3 4B-R15-T20HR-2 359.8 GW Only 0 10 70 299.8 NA

2 6/25/98 8:45 24.0 4B-R15-T24HR-2 359.8 GW Only 0 10 80 289.8 NA

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Reactor

No.

4b-RI5Exp.
MnCM- Calb. Slope:

Calibration Date: 5/5/98

KMn04

Added

(mg)

Initial

Mn04-

(mg/L)

Prepared by: S.R.Cline

Fwadditional comments. RMAL Labortory ResearchBook
ntMfilsTOCK SOLN ABS:|NA DF: NASTOCK SOLN ABS:

Cum

Cone (ppm):

AMquot
Mn04-

Final

Spec Mn04-

Final mgMjn04Cum
Consumec mg Mn04

Consumec per gram

mg Mn04 in Aliquot
mg Mn04-

(mg/L)

NA

NA

NA

NA

NA

NA_
NA

NA

NA
NA

NA

NA_
NA

NA

DF

NA

NA

NA

NA
NA

NA

NA

NA

NA

NA
NA

NA
NA

NA

(mg/L)

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA^
NA

NA
NA

NA

in Interval

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
NA

NA
NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

pHPat

pH

7.97

7.93

8.05

7.98

7.95

7.96

7.93

8.07

8.07

8.06

8.06

8.02

8.01

LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-RI5 For additional comments, RMAL Labortory Research Book

ORNL Extract Flag Hexane Aqueous Aqueous Fla Aq. mgTCE Cum. % of Init A % of Total Cum % mg TCE
Reactor GCtY Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (PPb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

899 10,082 3.07 3.92 7,888 NA NA NA NA NA NA 0.16

906 9,007 3.00 3.73 7,246 NA NA NA NA NA NA 0.07

913 9,003 3.04 3.72 7,360 NA NA NA NA NA NA 0.07

920 8,749 3.00 3.54 7,413 NA NA NA NA NA NA 0.07

0.08927 8,804 3.05 3.38 7,939 NA NA NA NA NA NA

934 7,773 3.07 3.22 7,412 NA NA NA NA NA NA 0.07

941 7,730 3.08 3.27 7,275 NA NA NA NA NA NA 0.15

2 900 10,039 3.03 3.90 7,795 NA NA NA NA NA NA 0.08

2 r 907 9,284 3.07 3.93 7,257 NA NA NA NA NA NA 0.15

2 914 8,928 3.03 3.65 7,414 NA NA NA NA NA NA 0.07
2 921 8,562 3.05 3.55 7,371 NA NA NA NA NA NA 0.07

2 928 8,919 3.04 3.56 7,615 NA NA NA NA NA NA 0.08

2 935 8,206 3.08 3.46 7,314 NA NA NA NA NA NA 0.07

2 942 8,666 3.03 3.58 7,334 NA NA NA NA NA NA 0.07

Prepared by: S.R. Clinc LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-RI5 For additional comments, RMAL Labortory 1Research Book

ttaSample Di

Volume Solid vol (mL) Cum Actual Actual
RXN

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at US

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

3 6/24/98 8:45 0.0 4B-R15-T0-3 370.4 TSF Slud? 91.9 10 10 370.4 4.0

3 6/24/98 9:15 0.5 4B-R15-T30MIN-3 370.4 TSF Sludc 91.9 10 20 360.4 3.9

3 6/24/98 10:45 2.0 4B-R15-T2HR-3A 370.4 TSF Sludc 91.9 20 40 350.4 3.8

3 6/24/98 12:45 4.0 4B-R15-T4HR-3 370.4 TSF Sludc, 91.9 10 50 330.4 3.6

3 6/24/98 14:45 6.0 4B-R15-T0-1A 370^ TSF Sludc 91.9 10 60 320.4 3.5

3 6/25/98 7:02 22.3 4B-R15-T20HR-3 370.4 TSF Sludc 91.9 10 70 310.4 3.4

3 6/25/98 8:45 24.0 4B-R15-T24HR-3 370.4 TSF Sludg 91.9 10 80 300.4 3.3

4 6/24/98 8:45 0.0 4B-R15-T0-4 365.2 TSF Sludg 91.2 10 10 365.2 4.0

4 6/24/98 9:15 0.5 4B-R15-T30MIN-4 365.2 TSF Sludg 91.2 10 20 355.2 3.9

4 6/24/98 10:45 2.0 4B-R15-T2HR-4 365.2 TSF Sludg 91.2 10 30 345.2 3.8

4 6/24/98 12:45 4.0 4B-R15-T4HR-4A 365.2 TSF Sludg 91.2 20 50 335.2 3.7

4 6/24/98 14:45 6.0 4B-R15-T6HR-4 365.2 TSF Sludc 91.2 10 60 315.2 3.5

4

4

6/25/98 7:02 22.3 4B-R15-T20HR-4 365.2 TSF Sludc 91.2 10 70 305.2 3.3

6/25/98 8:45 24.0 4B-R15-T24HR-4 365.2 TSF Sludc 91.2 10 80 295.2 3.2

Prepared by: S.R. Cline
LastUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. |4b-RI5 For additional comments,RMALLabortoryResearchBook
Mn04- Calb. Slope: 0.046 STOCK SOLN ABS: NA DF: NA Cone (ppm): NA

Calibration Date: 5/5/98

mg Mn04-
pHDatmoAZDimwmmi

KMn04 Initial Aliquot Final Final mg Mn04 Cum. Cum

Reactor Added Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot pH

No. (mg) (mg/L) (mg/L) DF (mg/L) in Interval Consumec per gram

3 0 0 NA NA 10219 0 0 0 0 6.6

3 4890 10219 17.9 401 7178 1096 1096 12 71.8 6.84

3 4890 7178 22.3 201 4482 945 2041 22 89.6 7.06

3 4890 4482 15.9 201 3196 425 2466 27 32.0 7.12

3 4890 3196 23.3 101 2353 270 2736 30 23.5 7.14

3 4890 2353 35.2 9 317 632 3368 37 3.2 7.24

3 4890 317 48.1 4 192 37 3405 37 1.9 7.4

4 0 0 NA NA 10220 0 0 0 0 6.67

4 4820 10220 7.0 401 2807 2633 2633 29 28.1 6.94

4 4820 2807 15.8 201 3176 -127 2506 27 31.8 7.13

4 4820 3176 13.5 201 2714 155 2661 29 54.3 7.21

4 4820 2714 27.4 101 2767 -17 2644 29 27.7 7.24

4 4820 2767 13.0 81 1053 523 3167 35 10.5 7.3

4 4820 1053 22.6 41 927 37 3204 35 9.3 7.39

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-RI5 For additional comments, RMAL Labortory Research Book

ORNL Extract Flag Hexane Aqueous Aqueous Fla Aq. mgTCE Cum. % of Init A % of Total Cum% mg TCE
Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

3 901R 5,303 3.03 3.45 4,663 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.05

3 908 16 3.05 3.77 13 0.00 1.7 1.7 97.0% 57.7% 57.7% 0.00

3 915 7 3.06 3.82 5 0.00 0.0 1.7 0.2% 0.1% 57.8% 0.00

3 922 10 3.08 3.39 9 0.00 0.0 1.7 -0.1% 0.0% 57.8% 0.00

3 929 6 U 3.07 3.63 5 U 0.00 0.0 1.7 0.1% 0.0% 57.8% 0.00

3 936 6 3.08 3.87 5 0.00 0.0 1.7 0.0% 0.0% 57.8% 0.00

3 943 9 3.04 3.34 8 0.00 0.0 1.7 -0.1% 0.0% 57.8% 0.00

4 902R 4,752 3.06 3.75 3,880 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.04

4 909 11 3.06 4.16 8 0.00 1.4 1.4 97.1% 48.0% 48.0% 0.00

4 916 0 3.07 3.86 1 \ 0.00 0.0 1.4 0.2% 0.1% 48.1% 0.00

4 923 5 U 3.08 2.87 6 uV 1.4 -0.1% -0.1% 48.1% 0.00Steven Robert Cline;

ND,Birr ENTCRED AS 1 PP8
FOR HOTTING LOG SCALE

4 930 0 3.05 3.87 1 1.4 0.1% 0.1% 48.1% 0.00

4 937 0 3.08 3.37 1 1.4 0.0% 0.0% 48.1% 0.00

4 944 6 U 3.07 3.71 5 u 0.00 0.0 1.4 -0.1% 0.0% 48.1% 0.00

Prepared by: S.R. Cline LastUpdated: 10/23/98
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LaboratoryEvaluation of In Situ Chemical Oxidation asaTechnology forGroundwater Remediation at the INEEL TAN Site

Exp. 4b-RI5 For additional comments, RMAL Labortory Research Book

RXN Volume Solid

Sample Data

vol (mL) Cum Actual Actual

Reactor

~No7~
Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at US

Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Sampling Ratio

4.05 6/24/98 8:45 0.0 4B-R15-T0-5 365.9 TSF Sludc 91.6 10 10 365.9

5 6/24/98 9:15 0.5 4B-R15-T30MIN-5 365.9 TSF Sludc 91.6 10 20 355.9 3.9

5 6/24/98 10:45 2.0 4B-R15-T2HR-5 365.9 TSF Sludc 91.6 10 30 345.9 3.8

5 6/24/98 12:45 4.0 4B-R15-T4HR-5 365.9 TSF Sludc, 91.6 10 40 335.9 3.7

5 6/24/98 14:45 6.0 4B-R15-T6HR-5A 365.9 TSF Sludc 91.6 20 60 325.9 3.6

5 6/25/98 7:02 22.3 4B-R15-T20HR-5 365.9 TSF Sludc 91.6 10 70 305.9 3.3

5 6/25/98 8:45 24.0 4B-R15-T24HR-5 365.9 TSF Slud^ 91.6 10j 80 295.9 3.2

6 6/24/98 8:45 0.0 4B-R15-T0-6 370.1 TSF Sludg 91.8 10 10 370.1 4.0

6 6/24/98 9:15 0.5 4B-RI5-T30MIN-6 370.1 TSF Sludc 91.8 10 20 360.1 3.9

6 6/24/98 10:45 2.0 4B-R15-T2HR-6 370.1 TSF Sludc 91.8 10 30 350.1 3.8

6 6/24/98 12:45 4.0 4B-R15-T4HR-6 370.1 TSF Sludc 91.8 10 40 340.1 3.7

6 6/24/98 14:45 6.0 4B-R15-T6HR-6 370.1 TSF Sludc 91.8 10 50 330.1 3.6

6 6/25/98 7:02 22.3 4B-R15-T20HR-6A 370.1 TSF Sludc 91.8 20 70 320.1 3.5

6 6/25/98 8:45 24.0 4B-R15-T24HR-6 370.1 TSF Sludc 91.8 10 80 300.1 3.3

91.8

Prepared by: S.R. Cline LastUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Reactor

Nor

5

E_UL
Mn04- Calb. Slope:

4b-R15

Calibration Date: 5/5/98

mmrnm
KMn04

Add_cd_
(mg)

14640

14640

14640

14640

14640

14640

Initial

Mn04-

(mg/L)

30982

15299

14837

13554

12351

12712

For additional comments. RMAL I.ahnrtory Research Book
0.046 STOCK SOLN ABS NA DF: NA

Aliquot
Mn04-

Final Final HHiTBltli! Cum

Cone (ppm):

(mg/L)
Sp_ec_
DF

Mn04-

(mg/L)
Consumec

in Interval Consumec per gram
mg Mn04 mg Mn04

mg Mn04-
in Aliquot

NA

19.1

37.0

33.8

30.8

31.7

31.2

NA

801

401

401

401

401

401

30982

15299

14837

13554

12351

12712

12511

5581

160

431

392

-110

59

558i

5741

6172

6564

6454

6513

0

63

67

72

70

71

153.0

148.4

135.5

247.0

127.1

125.1

0 0 NA NA 30955

14800 30955

14800

14800

14800

14800

14800

Prepared by: S.R. Cline

15219

15599

15759

16040

14957

19.0 801

38.9 401

39.3 401

40.0 401

37.3 401

37.3 401

15219

15599

15759

16040

14957

14957

5666

-133

-55

-93

347

5666

5533

5479

5386

5733

5733

62 152.2

60 156.0

60 157.6

59 160.4

62 299.1

62 149.6

NA

pHDat

pH

6.55

7.21

7.28

7.33

7.49

7.62

6.56

7.22

7.4

7.56

LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R15 For additional comments, RMAL Labortory Research Book

ORNL Exlracl Flag Hexane Aqueous Aqueous Fla Aq. mgTCE Cum. % of Init A % of Total Cum % mgTCE

Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

5 903R 5.014 3.07 3.75 4.103 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.04

5 910 0 3.09 4.33 1 \ 0.00 1.5 1.5 97.2% 50.9% 50.9% 0.00

5 917 0 3.07 4.07 1 Steven Robert Cline:

DO, BUT ENTERED AS 1 PPfl
FOR PLOTTING LOG SCALE

1.5 0.0% 0.0% 50.9% 0.00

5 924 5 U 3.10 3.80 4 u 1.5 -0.1% 0.0% 50.8% 0.00

5
5

931 0 3.08 3.81 1 0OT (TD 1.5 0.1% 0.0% 50.9% 0.00

938 0 3.08 3.43 1 0.00 0.0 1.5 0.0% 0.0% 50.9% 0.00

5 945 0 3.11 3.76 1 0.00 0.0 1.5 0.0% 0.0% 50.9% 0.00

6 904R 4,495 3.08 3.35 4,130 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.04

6 911 0 3.09 4.02 1 0.00 1.5 1.5 97.3% 51.2% 51.2% 0.00

6 918 0 3.07 4.04 1 0.00 0.0 1.5 0.0% 0.0% 51.2% 0.00

6 925 0 3.09 3.85 1 0.00 0.0 1.5 0.0% 0.0% 51.2% 0.00

6 932 0 3.06 3.90 1 0.00 0.0 1.5 0.0% 0.0% 51.2% 0.00

6 939 0 3.09 3.50 1 0.00 0.0 1.5 0.0% 0.0% 51.2% 0.00

6 946 0 3.13 3.98 1 0.00 0.0 1.5 0.0% 0.0% 51.2% 0.00

Prepared by: S.R. Cline LastUpdatcd: 10/23/98
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Laboratory Evaluation of InSllu Chemical Oxidation asaTechnology forGroundwater Remediation at the INEELTAN Site

—

Exp. 4h-RI5 For ad(Jil.on_J conifi icnls. RMAL Lahorliiry Research Book
—

1
MrrfU-Calh. Sto!-: not/

1
STtlCKSriLNABS NA IIF: NA N*

Calibrator! Dale: 1/S/9

Alkjut* Final Final
RXN Vnhimc SnM vot(rrl) Cum Actual Actual KMnOJ Initial E ORN] Extract fi"« Hciane

"N...
Sample GWUscd Media Ma_t aqueous Aliquot Vol at US Added MnOJ. Mn04- Spec Mn04- pH GCI Croc. Vnhjm: Vnlunic Ciw.

Ddpllcite.VCM
6/24/98 8:45

SwTpk
0.0 4BR1S-TCMB

(mL)

363.4

Tlj____,
GWOnr,

(grains)

0

aliquot

II

______

NA

Sampftng'Ratio

NA [NA

Itfl

1

(rrig/LI

NA

(n'gA.)

NA

DF

NA

(mg/L)

NA 7.91 905

22*)

7,661

(rnLI

3.05

(mU

2.96

tn+>
rtiCAttS

7.911
mm^rn. wmm^w1

2 " 359.K GWOnly 0 IG NA NA NA 0 NA NA NA NA 8.06 912 9.165 3.09 3.8-

_

.170.4 TSFSrudi 91.9 10 NA NA NA 4890 NA 22.4 201 4502 7.03 919 6 3.06

&24Z98 14:45

4B ni5-T4HR-48 365.2 TSFSIudc 91.2 10 NA NA NA 4*211 NA 13.6 201 2734 7.22 926 6 u 3.10 3.15 6 u
365.9 TSFSIudf 91.6 to NA NA NA I4UI NA 30.9 401 12391 7.32 933 0 307 2.99 .

570.1 rsrsiuoi 9i.e to NA NA NA IJX00 NA 37.2 401 14917 7.4 940 0 3.09 3.16 1 y
363.4 GWOnr, 0 10 NA NA NA 0 NA NA NA NA 7.92 947 7,376 3.10 3.16 \

KttfiZtiMoii %$&$ afcilUii^Cwi *$>m mm SSSSB rsRwBSt K£ WMymm mV ^PWpPFffe;^
1

i *mn Ktfa-rtClkw

D, BUT (NttPCD « 1ITB
C*HOr.lrJ3iOG5C»U

24.0 4B-R1^F3 370.4 TSFSIu* »l.v NA NA NA NA NA NT 95. 2.104 438.8 ,

24.0 48RI5F4 365.2 TSF Stud; 91.2 NA NA NA NA NA NT 95S 379 432.6
&2S/98 8:45 24.0 4B-R15F5 365.9 TSFSIuds 91.6 NA NA NA NA NA NT 96. 100 u 425.2

24.0 4BRI&-F6 370.1 TSF Stud( 9I.K NA NA NA NA NA NT 9ST too u 410.2 382.7 0.0410

6/25/96 8:45
*£&$

4BR1-.CHAR-1A
mm
NA

mmwmwm
na' NA 5.12 0.09 0.0001

?i3*s???,ff?*'gmHswra
1 Charcoal NA NA NA NT 948 21

4B-R15-CHAR.1B Charcoal NA NA NA NA NA NA NT 949 0 5.15
.

4B.RI5-CHAR._A Charcoal NA NA NA NA NA NA NT 950 15 5.18 0.10 o.oooi
4B-RI5CHAR-2B Charcoal NA NA NA NA NA NA NT 95t 0 5.19 0.04 0.0000

• "

4B-R15-CHAR3A Charcoal NA NA NA NA NA NA NT 952 0 5.18 0.09 0.0000
4BRI5CHAR3B Charcoal NA NA NA NA NA NA NT 953 0 517

_

4BRI5CHAR.4A Charcoal NA NA NA NA NA NA NT NO SAMPLE NA
48RI5-CHAR 4B Charcoal NA NA NA NA NA NA NT NO SAMPLE NA

4B-R15CHAR-5A Charcoal NA NA NA NA NA NA NT 954 0 5.18 009 0.0000

IS

4B-RI5-CHAR-58 Charcoal MA NA NA NA M NA NT 955 0 5.17 0.05 0.0000

4B-R15-CHAR6A Charcoal NA NA NA NA NA NA NT 956 0 5.16 0.10
48-RI5-CHAR6B Charcoal NA NA NA NA NA NA NT 957 0 5.16 0.04

Lumumcd Lonsumcd

Flask nif) if ng <rft-2Jtin
nig/niL or
ng/g mg/gl

on 0.000 NA NA NA

(Hi 0.000 NA NA NA
XI .1614 8.0

X.I 3.101 7.4 7.69

6574 14.7

24,7 5761 12.7 13.72 1 l I

Prq>»roJhy:S R Clin.
LuiUpdalcd: II/.W8
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Experiment: 4b-R16
Solid Media

Sludge
Initial TCE (ppb)

00.000

Experiment Start Dale:

Comments:

Co-Conlaminanl?

NO

For additional comments, RMAL Labortory Research Book
Mn04- Cones. (%)
.0I&.I

7/6/98

SPIKE SOLUTION PREPARATION

7/6/98

Prepared a 100 ppm TCEspiking solution inTediarbag using 2100gm ofsparged groundwater and 400mL of saturated
(1100 ppm) TCE solution. Placed bag in incubator set at 12 C.
Analysis of spikingsolutionprepared on 7-6-98found80ppmTCE. 25uLof pure-phase TCE added to solution.
Placed bag in incubator set at 12 C.

GC Analysis of Spike Solution
ORNL

GC#

Sample
Name

Sample
Time

Extract

Cone.

(ppb)

Flag Hexane

Volume

(mL)

Aqueous
Volume

(mL)

Aqueous
Gone.

(ppb)
962 4B-R16-TB-A 7/8/98 7:40 90,127 5.10 5.00 91,984
963 4B-R16-TB-B 7/8/98 7:40 85,604 5.10 4.91 88,981

Prepared by: S.R. Cline LastUpdated: 10/22/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R16 For additional commenLs, RMAL Labortory Research Book

... .... .

RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at US

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Samplinc Ratio

7/9/98 8:45 0.0 4B-R16-T0-1A 364 GW Only 0.0 20 20 364.0 NA

7/9/98 9:15 0.5 4B-R16-T30MIN-1 364 GW Only 0 10 30 344.0 NA

7/9/98 10:45 2.0 4B-R16-T2HR-1 364 GW Only 0 10 40 334.0 NA

7/9/98 12:45 4.0 4B-R16-T4HR-1 364 GW Only 0 10 50 324.0 NA

7/9/98 14:45 6.0 4B-R16-T6HR-1 364 GW Only 0 10 60 314.0 NA

7/10/98 6:55 22.2 4B-R16-T20HR-1 364 GW Only 0 10 70 304.0 NA

NA7/10/98 8:45 24.0 4B-R16-T24HR-1A 364 GW Only 0 20 90 294.0

2 7/9/98 8:45 0.0 4B-R16-T0-2 362 GW Only 0.0 10 10 362.0 NA

2 7/9/98 9:15 0.5 4B-R16-T30MIN-2A 362 GW Only 0 20 30 352.0 NA

2 7/9/98 10:45 2.0 4B-R16-T2HR-2 362 GW Only 0 10 40 332.0 NA

2 7/9/98 12:45 4.0 4B-R16-T4HR-2 362 GW Only 0 10 50 322.0 NA

2

"""i""
7/9/98 14:45 6.0 4B-R16-T6HR-2 362 GW Only 0 10 60 312.0 NA

7/10/98 6:55 22.2 4B-R16-T20HR-2 362 GW Only 0 10 70 302.0 NA

2 7/10/98 8:45 24.0 4B-R16-T24HR-2 362 GW Only 0 10 80 292.0 NA

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In SituChemical Oxidation asaTechnology for Groundwater Remediation at the INEELTAN Site

Exp. |4b-R16 For additional comments, RMAL Labortory Research Book
Mn04- Calb. Slope: 0.046 STOCKConc.(ppm): 49.6 DF: 800 Cone (ppm): 39680

Calibration Llate: 5/5/98

Cum

pH Data

Volume Initial Aliquot Final Final mg Mn04 Cum. mg Mn04-

Reactor Stock Mn( Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot pH

No. Added (mL (mg/L) (mg/L) DF (mg/L) in Interval Consumec per gram

0 0 NA NA NA NA NA NA NA 8

0 0 NA NA NA NA NA NA NA 8.01

0 0 NA NA NA NA NA NA NA 8.03

0 0 NA NA NA NA NA NA NA 8.07

0 0 NA NA NA NA NA NA NA 8.04

0 0 NA NA NA NA NA NA NA 8.03

0 0 NA NA NA NA NA NA NA 8.04

2

2

0 0 NA NA NA NA NA NA NA 8.09

0 0 NA NA NA NA NA NA NA 8.09

2 0 0 NA NA NA NA NA NA NA 8.1

2

2 '"
0 0 NA NA NA NA NA NA NA 8.14

0 0 NA NA NA NA NA NA NA 8.11

2 0 0 NA NA NA NA NA NA NA 8.12

2 0 0 NA NA NA NA NA NA NA 8.12

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In SituChemical Oxidation asaTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R16 For additional comments, RMAL Labortory Research Book

mgTCE Cum. % of Init A|% of Total Cum% mgTCEORNL Extract Flag Hexane Aqueous Aqueous Fla Aq.
Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized
1 964 71,894 3.02 2.98 72,767 NA NA NA NA NA NA 1.46

971 67,402 3.06 3.43 60,083 NA NA NA NA NA NA 0.60
978 70,194 3.09 3.45 62,850 NA NA NA NA NA NA 0.63
985 73,547 3.05 3.71 60,430 NA NA NA NA NA NA 0.60
992 65,697 3.10 3.43 59,388 NA NA NA NA NA NA 0.59
999 69,739 3.09 3.71 58,016 NA NA NA NA NA NA 0.58

1006 64,626 3.08 3.49 56,963 NA NA NA NA NA NA 1.14

2 965 78,313 3.04 3.39 70,214 NA NA NA NA NA NA 0.70
2 I 972 75,981 3.05 3.59 64,610 NA NA NA NA NA NA 1.29
2 979 68,810 3.09 3.33 63,920 NA NA NA NA NA NA 0.64
2

2

986 68,911 3.06 3.44 61,286 NA NA NA NA NA NA 0.61
993 70,226 3.07 3.02 71,452 NA NA NA NA NA NA 0.71

2 1000 73,708 3.05 3.43 65,452 NA NA NA NA NA NA 0.65
2 1007 51,683 3.06 2.79 56,772 NA NA NA NA NA NA 0.57

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for GroundwaterRemediation at the INEELTAN Site

Exp. 4b-R16 For additional comments, RMAL Labortory Research Book

ata[Sample D
RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at US
No.

3

3

Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Samplinc Ratio
7/9/98 8:45 0.0 4B-R16-T0-3 365 TSF Sludc, 92.0 10 10 365.0 4.0
7/9/98 9:15 0.5 4B-R16-T30MIN-3 365 TSF Sludg 92 10 20 355.9 3.9

3 7/9/98 10:45 2.0 4B-R16-T2HR-3A 365 TSF Sludg 92 20 40 345.9 3.8
3 7/9/98 12:45 4.0 4B-R16-T4HR-3 365 TSF Sludg 92 10 50 325.9 3.5
3

3

7/9/98 14:45 6.0 4B-R16-TO-1A 365 TSF Sludg 92 10 60 315.9 3.4
7/10/98 6:55 22.2 4B-R16-T20HR-3 365 TSF Sludg 92 10 70 305.9 3.3

3 7/10/98 8:45 24.0 4B-R16-T24HR-3 365 TSF Sludg; 92 10 80 295.9 3.2

4 7/9/98 8:45 0.0 4B-R16-T0-4 366 TSF Sludc 91.5 10 10 366.0 4.0
4 7/9/98 9:15 0.5 4B-R16-T30MIN-4 366 TSF Sludc 91.5 10 20 356.9 3.9
4 7/9/98 10:45 2.0 4B-R16-T2HR-4 366 TSF Sludc 91.5 10 30 346.9 3.8
4 7/9/98 12:45 4.0 4B-R16-T4HR-4A 366 TSF Sludc 91.5 20 50 336.9 3.7
4 7/9/98 14:45 6.0 4B-R16-T6HR-4 366 TSF Sludc 91.5 10 60 316.9 3.5
4 7/10/98 6:55 22.2 4B-R16-T20HR-4 - 366 TSF Sludc 91.5 10 70 306.9 3.4
4 7/10/98 8:45 24.0 4B-R16-T24HR-4 366 TSF Sludc 91.5 10 80 296.9 3.2

1 |

C-280
Prepared by: S.R. Cline

LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as aTechnology for Groundwater Remediation at the INEEL TAN Site

Exp. |4b-R16 For additional commenls,RMALLabortory ResearchBook
Mn04- Calb. Slope: 0.046 STOCKConc.(ppiri): 49.6 DF: 800 Cone (ppm): 39680
Calibration Dale: 5/5/98 |

__^

Volume Initial Aliquot Final Final mg Mn04 Cum. Cum mg Mn04-
pH Data

Reactor Stock Mn( Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot pH
No. Added (mL (mg/L) (mg/L) DF (mg/L) in Interval Consumec per gram

3 0 0 NA NA 101.8 0.0 0.0 0.0 0 6.56
3 0.913 101.8 1.31 1 1.3 35.8 35.8 0.4 0.0 6.6
3 0.913 1.3 1.52 1 1.5 -0.1 35.7 0.4 0.0 6.61
3 0.913 1.5 1.81 1 1.8 -0.1 35.6 0.4 0.0 6.59
3 0.913 1.8 1.91 1 1.9 0.0 35.6 0.4 0.0 6.6
3 0.913 1.9 2.52 1 2.5 -0.2 35.4 0.4 0.0 6.62
3 0.913 2.5 2.63 1 2.6 0.0 35.3 0.4 0.0 6.63

4 0 0 NA NA 101.7 0.0 0.0 0.0 0 6.53
4 0.915 101.7 1.80 1 1.8 35.7 35.7 0.4 0.0 6.63
4 0.915 1.8 2.14 1 2.1 -0.1 35.5 0.4 0.0 6.65
4 0.915 2.1 2.20 1 2.2 0.0 35.5 0.4 0.0 6.62
4 0.915 2.2 2.36 1 2.4 -0.1 35.5 0.4 0.0 6.63
4 0.915 2.4 3.06 1 3.1 -0.2 35.3 0.4 0.0 6.63
4 0.915 3.1 3.26 I 3.3 -0.1 35.2 0.4 0.0 6.64

Prepared by: S.R. Cline
LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R16 For additional comments, RMAL Labortory Research Book

ORNL Extract Flag Hexane Aqueous Aqueous Fla Aq. mgTCE Cum. % of Init A % of Total Cum% mgTCE

Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot

No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

3 966 59,709 3.06 3.57 51,189 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.51

3

3

973R

980R

54,657 3.07 3.27 51,321 1.00 0.0 0.0 -0.3% -0.2% -0.2% 0.51

51,558 3.08 3.12 50,942 1.00 0.1 0.1 0.7% 0.5% 0.3% 1.02

3 987R

994R

57,811 3.08 3.56 49,941 0.98 0.3 0.4 1.7% 1.3% 1.6% 0.50

3 56,651 3.08 3.41 51,149 1.00 -0.4 0.0 -2.0% -1.5% 0.1% 0.51

3 1001R 55,055 3.04 3.26 51,422 1.00 -0.1 -0.1 -0.4% -0.3% -0.2% 0.51

3 1008R 55,704 3.07 3.45 49,617 0.97 0.5 0.5 2.9% 2.0% 1.8% 0.50

4 967 50,595 3.06 3.42 45,270 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.45

4 974R 50,987 3.07 3.65 42,876 0.95 0.9 0.9 5.2% 3.3% 3.3% 0.43

4 981R 50,897 3.09 3.41 46,166 1.02 -1.1 -0.3 -6.9% -4.4% -1.1% 0.46

4 988R 45,824 3.08 2.96 47,782 1.06 -0.5 -0.8 -3.3% -2.1% -3.2% 0.96

4 995R 39,910 E 3.09 3.61 34,083 E 0.75 4.3 3.5 26.2% 16.6% 13.4% 0.34

4 1002R 52,181 3.06 3.25 49,218 1.09 -4.6 -1.1 -28.0% -17.8% -4.3% 0.49

4 1009R 53,564 3.07 3.38 48,628 1.07 0.2 -1.0 1.1% 0.7% -3.7% 0.49

Prepared by: S.R. Cline LastUpdatcd: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-Rl6 For additional comments, RMAL Labortory Research Book

Sample Data
RXN Volume Solid vol (mL) Cum Actual Actual

Reactor Sample Time Sample GW Used Media Mass aqueous Aliquot Vol at US

No. Time (hrs) Name (mL) Type (grams) aliquot Vol (mL) Samplinc Ratio

5 7/9/98 8:45 0.0 4B-R16-T0-5 366 TSF Sludc 91.2 10 10 366.0 4.0

5 7/9/98 9:15 0.5 4B-R16-T30MIN-5 366 TSF Sludc 91.2 10 20 365.2 4.0

5 7/9/98 10:45 2.0 4B-R16-T2HR-5 366 TSF Sludc 91.2 10 30 355.2 3.9

5 7/9/98 12:45 4.0 4B-R16-T4HR-5 366 TSF Sludc 91.2 . 10 40 345.2 3.8

5 7/9/98 14:45 6.0 4B-R16-T6HR-5A 366 TSF Sludc 91.2 20 60 335.2 3.7

5 7/10/98 6:55 22.2 4B-R16-T20HR-5 366 TSF Sludc 91.2 10 70 315.2 3.5

5 7/10/98 8:45 24.0 4B-R16-T24HR-5 366 TSF Sludc 91.2 10 80 305.2 3.3

6 7/9/98 8:45 0.0 4B-RI6-T0-6 360 TSF Sludc 90.1 10 10 360.0 4.0

6 7/9/98 9:15 0.5 4B-R16-T30MIN-6 360 TSF Sludc 90.1 10 20 359.0 4.0

6 7/9/98 10:45 2.0 4B-R16-T2HR-6 360 TSF Sludc 90.1 10 30 349.0 3.9

6 7/9/98 12:45 4.0 4B-R16-T4HR-6 360 TSF Sludc 90.1 10 40 339.0 3.8

6 7/9/98 14:45 6.0 4B-R16-T6HR-6 360 TSF Sludc 90.1 10 50 329.0 3.7

6 7/10/98 6:55 22.2 4B-R16-T20HR-6A 360 TSF Sludc 90.1 20 70 319.0 3.5

6 7/10/98 8:45 24.0 4B-R16-T24HR-6 360 TSF Sludc 90.1 10 80 299.0 3.3

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. |4b-RI6 For additional comments, RMAL Labortory Research Book
Mn04- Calb. Slope: 0.046 STOCKConc.(ppm): 49.6|DF: 800 Cone (ppm): 39680

Calibration Date: 5/5/98 I ^™
Cum

pH Datammm$i:£^r^^ai.:, 'i.C. .'','' ' \ , '•• ''"'.'^ .

Volume Initial Aliquot Final Final mg Mn04 Cum. mg Mn04-
Reactor Stock Mn( Mn04- Mn04- Spec Mn04- Consumec mg Mn04 mg Mn04 in Aliquot pH

No. Added (mL (mg/L) (mg/L) DF (mg/L) in Interval Consumec per gram

5 0 0 NA NA 994.3 0.0 0.0 0.0 0 6.57

5 9.15 994.3 0.3 1 0.3 363.0 363.0 4.0 0.0 6.74

5 9.15 0.3 0.5 1 0.5 -0.1 362.9 4.0 0.0 6.82

5 9.15 0.5 0.6 1 0.6 0.0 362.8 4.0 0.0 6.87

5 9.15 0.6 0.8 I 0.8 -0.1 362.8 4.0 0.0 6.87

5 9.15 0.8 1.7 1 1.7 -0.3 362.5 4.0 0.0 6.9

5 9.15 1.7 2.0 1 2.0 -0.1 362.4 4.0 0.0 6.9

6 0 0 NA NA 994.76 0.0 0.0 0.0 0 6.53

6 9 994.8 0.6 1 0.6 356.9 356.9 4.0 0.0 6.72

6 9 0.6 1.0 1 1.0 -0.1 356.8 4.0 0.0 6.79

6 9 1.0 1.1 1 1.1 0.0 356.7 4.0 0.0 6.84

6 9 1.1 1.3 1 1.3 -0.1 356.7 4.0 0.0 6.86

6 9 1.3 2.1 1 2.1 -0.3 356.4 4.0 0.0 6.91

6 9 2.1 2.4 I 2.4 -0.1 356.3 4.0 0.0 6.88

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Exp. 4b-R16 For additional comments, RMAL Labortory Research Book

ORNL Extract Flag Hexane Aqueous Aqueous Fla Aq. mgTCE Cum. % of Init A % of Total Cum% mgTCE

Reactor GC# Cone. Volume Volume Cone. C/Co Oxidized mgTCE TCE Oxidi TCE Oxidi Total TCE in Aliquot
No. (ppb) (mL) (mL) (ppb) in Interval Oxidized In Interval In Interval Oxidized

5 968 56.462 3.07 3.68 47.092 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.47

5 975R 35,776 3.06 3.54 30,962 0.66 5.9 5.9 34.2% 22.5% 22.5% 0.31

5 982R 33,913 3.08 3.24 32,217 0.68 -0.4 5.4 -2.6% -1.7% 20.8% 0.32

5 989R 38,101 3.09 3.49 33,689 0.72 -0.5 4.9 -2.9% -1.9% 18.9% 0.34

5

5

996R 36,597 3.09 3.15 35,900 0.76 -0.7 4.2 -4.3% -2.8% 16.0% 0.72

1003R 41,548 3.05 3.42 37,053 0.79 -0.4 3.8 -2.1% -1.4% 14.6% 0.37

5 1010R 39,443 3.08 3.37 36,106 0.77 0.3 4.1 1.7% 1.1% 15.7% 0.36

6 969 54,332 3.07 3.60 46,311 1.00 0.0 0.0 0.0% 0.0% 0.0% 0.46

6 976R 41,184 3.08 3.70 34,236 0.74 4.3 4.3 26.0% 16.8% 16.8% 0.34

6 983R 38,406 3.09 3.79 31,266 0.68 1.0 5.4 6.2% 4.0% 20.9% 0.31

6 990R 42,635 3.10 3.51 37,618 0.81 -2.2 3.2 -12.9% -8.4% 12.5% 0.38

6 997R 40,482 3.10 3.09 40,541 0.88 -1.0 2.3 -5.8% -3.7% 8.8% 0.41

6 1004R 40,948 3.07 3.00 41,816 0.90 -0.4 1.8 -2.4% -1.6% 7.2% 0.84

6 1011R 49,028 3.09 3.55 42,625 0.92 -0.2 1.6 -1.5% -0.9% 6.2% 0.43

Prepared by: S.R. Cline LastUpdated: 10/23/98
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Laboratory Evaluation or In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

— K«P-___ Jh-Rif. For atldiliiinal oimmenls, RMAL Lahiirtnry Research Book 1 1 |
Mnll4.C_h.Ski-: AIM* STIlCKCw-in-i): 49 r. OF MI) Cmctirm) WW |
CaliNakm Dale: WW

RXN Vnrumc Solid voHrnL) Cum Actual Actual Volume llni-al Alkfuie Final Final ORNL Eilra-1 F". llciane Agucou^Aqucou* Hap iiw AVG STDEV

Rcjclot Sample Tinic Sample GWlhcd Media Ma.« aqueous Aliquot Volsl L/S Stnck MnC,Mn04- Mn04- Spec Mn04- pH CCI Cone. Vuhjmc Volume Cwk. (pph) (p|*>

________

Time

7/W98 8:45

(hrs)

0.0

Name

4BR16T0-.B

ImL) IUfii3Hlun__3fly__^ in*) (mL)

305

(mL) (n*>

WW
5.6% 70957.49 2558 65364 GWOnly 0 10 NA NA 0 NA NA NA NA 8 01 970 81.690 3 61 69.146

2 7/9/98 9:15 0.5 4B-R16-T30MIN-2B 362 GWOnly 0 10 NA NA 0 NA NA NA NA 809 977 65.326 306 3.05 65.645 -1.9% 65227.51 87324

J 7/9/98 10:45 2.0 4B-R16-T2HR-38 365 TSF Sludc, 920 10 NA NA 0913 NA 1.5 1 15 6 62 984R 48.-93 3.09 3 06 48.626 4.2% 49884.02 1496.46

4 7/9/98 12:45 4.0 48-R16-T4HR4B 366 TSFSHids 91.5 10 NA NA 0.915 NA 22 1 -.2 6.62 991 36.157 E 3.10 3.22 34,825 E 27.1% 41303.33 9161.75

S 7/9/98 14:45 6.0 48R16-T6HR-5B 366 TSFSIuds 91.2 10 NA NA 9.15 NA 08 1 0.« 6 88 998R 35.-43 3.09 3.19 34,465 4.0% 35182.61 1014.21

n 7/1 (V98 6:55 222 4B-R16T20HR6B 360 TSF Skids 90.1 10 NA NA 9 NA 2.2 1 2.2 6.91 10O5R 46.641 3.07 3.46 41.400 1.0% 41608.03 293.69

1 7/10/98 6:45 24.0 4B-RI6-T24MR-I 364 GWOnly 0 10 NA NA 0 NA NA NA NA 8.04 1012 58.799 3.07 2.97 60.965 •7.0% 58963.98 2R30.38

ESfr'irtlM^ifi \U&KuSn^KSB^m *mm MW> miK&^®mmf^mwkmM* %m&
1

2

3 7/HV98 6:45 24.0 4BR16F3 365 TSFSIudJ 92 NA NA NA NA NA NT 1025H 50.572 412.879 368 20.6800

4 7/10/98 8:45 24.0 4BR16-F4 366 TSFSIuds VI.5 NA NA NA NA NA NT 1026R 45.850 442.273 370.6 20-2762

5 7/10/98 8:45 24.0 4BRI6-F5 366 TSFSIuds VI.2 NA NA NA NA NA NT 1027R 40.903 417.576 378.9 17.0801

ft 7/KV98 6:45 24.0 4B-R16F6 360 TSFSIuds 901 NA NA NA NA NA NT 1028R 46.497 415.909 370.9 19.3386

BiKacirofiii.
7/1(V98 8:45

<tss rnmrnm
48RI6.CHARIA

WP
Charcoal NA NA NA NA NA

___

o.to 0.0011
m& $mm mmmm

NA NT 1013 224 5.08

7/10/98 8:45 4BRI6.CHAR.ie Charcoal NA NA NA NA NA NA NT 1014 0 5.15 0.04 0.0000

7/10/98 6.45 4B-RI6-CHAR-2A Charcoal NA NA NA NA NA NA NT 1015 161 5.19 0.10 O.OOOB

7/10/98 6:45 4BRI6-CHAR2B Charcoal NA HA NA NA NA NA NT 1016 0 5.21 0.04 0.0000

_..____

7/10/98 8:45 4B-Rt6-CHAR-3A Charcoal NA NA NA NA NA NA NT 1017 0 5.20 0.10 0.0000

7/10/98 6:45 4B-RI6-CHAR3B Charcoal NA NA NA NA NA MA NT I0IS 0 5.20 0.04 0.0000

0.107/1 (V98 6:45 4B RI6-CHAR-4A Charcoal NA NA NA NA NA NA NT 1019 -26 5.20 0.0012

7/10/98 6:45 4BRI6-CHAR-4B Charcoal NA NA NA NA NA NA NT 10-0 0 5.24 0.05 0.0000

7/1088 8:45 4BRI6-CHAR-5A Charcoal NA NA NA NA NA NA NT 1021 846 5.19 0.10 0.0044

7/10/98 8:45 4B.ni6-CHAR.5e Charcoal NA NA NA NA NA NA NT 1022 0 5.19 0.06 0.0000

~ft " 7/1086 bT45 4B-R16-CHAR-6A Chaicoal NA NA NA NA NA NA NT 1023 364 5.19 0.10 0.0020

f. 7/10/98 6:45 4BRI6-CHAR6B Charcoal NA NA NA NA NA NA NT 1024 0 5.18 0.05 0.0000

Additional OxUam InfotmaUon

Initial Mnf M- Inil Load CiHuurn-J Consumed

Mask (m*)

mg/mL
mg **1-24 hri

mg/mL ur
mg/g

AVG

(mg/j)
1 (10 0.000 NA NA NA

2 (II) 0.000 NA NA NA

3 36.2 0.OR 35.3 O.OR

4 36.3 0.08 35.1 0.08 OOd

5 3M.1 0.80 362.4 0.79

ft 357.1 0.R0 . Sfi.3 0.79 0.79

frerirttJ by: S R Cline La-lUpd-lcd: 1l/WK





APPENDIX D: COST AND SCHEDULE SUMMARY





The experiment start dates for those experiments that were both conducted and presented in this
report are presented in Table Dl

Table Dl. ORNL Experiment Start Dates.

Task 2 Experiments
Exp. 2B-1 2/17/98

Exp. 2B-3 4/8/98

Exp. 2A-3B 5/12/98

Task 3 Experiments

DISSOLVED PLUME OXIDANT DEMAND

Exp. Repeated 3a-Rl 6/10/98

Exp. Repeated 3a-R2 6/22/98

Exp. Repeated 3a-R3 6/25/98

HOT SPOT OXIDANT DEMAND

Exp. 3b-Rl 5/5/98

Exp. 3b-R2 5/7/98

Exp. 3b-R3 5/7/98

Exp. 3b-R4 5/7/98

Task 4 Experiments
DISSOLVED PLUME DEGRADATION RATE WORK

Exp. 4a-Rl 5/20/98

Exp. 4a-R2 5/28/98

Exp. 4a-R3 6/1/98

Exp. 4a-R5 6/15/98

Exp. 4a-R7 7/7/98

Exp. 4a-R4 7/14/98

Exp. 4a-R6 8/17/98

Exp. 4a-R8 8/24/98

HOT SPOT GROUNDWATER DEGRADATION RATE WORK

Exp. 4b-R3 7/29/98

Exp. 4b-R4 7/29/98

Exp. 4b-Rl 8/10/98

Exp. 4b-R7 8/12/98

Exp. 4b-R8 8/12/98

Exp. 4b-R2 8/13/98

Exp. 4b-R5 8/26/98

Exp. 4b-R6 8/31/98

HOT SPOT SLUDGE DEGRADATION RATE WORK

Exp.4b-Rll 6/9/98

Exp. 4b-R12 6/16/98

Exp. 4b-R15 6/22/98

Exp. 4b-R16 7/6/98

Exp. 4b-R13 7/14/98

Exp. 4b-R14 7/14/98

Exp. 2B-3B (Matrix Spike Exp) 9/14/98

D-3



Theperiod during which each SOWtask was performed is presented in Figure Dl.

Task 1,Preparation of Project PlanningDocuments

,-• Task 2. Preliminary laboratory Studies

^ask 3, Oxidap!: Demand Experiments

Task 4, Degradation Experiments

^Task 6, Monthly Reporting

Task 5, Waste Disposal
O F O

Task 7, FinalReport Preparation ^

-1 >—'—I—I—I—| 1—J 1—I—1—1 1—I 1—|—I—I—I 1—I I I I I |_l : i i i ' i i I I i i I i i i i i i

Jan-98 Mar-98 May-98 Jul-98 Sep-98 Nov-98

Project Timeline

Figure Dl. Project Timeline for the Laboratory Evaluation of In Situ Chemical Oxidation
(ISCO) to Remediate the INEEL TAN Site.
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Thefinal cost summary for the treatability study is presented in Table D2. An additional $15K of funding was allocated to the project
to continue report writing andhandling of review comments. (The total budget value in Table D2 reflects this new funding
allocation.)

Table D2. Cost Summary for the ISCO Treatability Study.

Project: Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEELTAN Site

Business Month ESD-Total Matl ESD-Total Effort RMAL-Total Matl RMAL-Total Effort Total Material Cost Total Effort Cost Total Cost TOTAL ESD TOTAL RMAL

Jan-98 $0 $7,412 $0 $0 $0 $7,412 $7,412 $7,412 $0
Feb-98 $2,105 $17,675 $0 $1,057 $2,105 $18,732 $20,837 $19,780 $1,057
Mar-98 $18,758 $15,666 $0 $901 $18,758 $16,567 $35,325 $34,424 $901
Apr-98 $136 $11,410 $0 $2,265 $136 $13,675 $13,811 $11,546 $2,265
May-98 $382 $18,081 $0 $10,923 $382 $29,004 $29,386 $18,463 $10,923
Jun-98 $2,108 $14,366 $0 $23,310 $2,108 $37,676 $39,784 $16,474 $23,310
Jul-98 $2,473 $18,532 $0 $25,748 $2,473 $44,280 $46,753 $21,005 $25,748

Aug-98 $1,044 $18,479 $0 $0 $1,044 $18,479 $19,523 $19,523 $0
Sep-98 $707 $21,883 $17,278 $0 $17,985 $21,883 $39,868 $22,590 $17,278
Oct-98 $0 $1,233 -$1,292 $0 -$1,292 $1,233 -$59 $1,233 -$1,292

Total $27,713 $144,737 $15,986 $64,204 $43,699 $208,941 $252,640 $172,450 $80,190

GRAND TOTAL (Thnl Oct. 98)

TOTAL FUNDS REMAINING

$252,640
$13,944

Total Budget: $266,584





APPENDIX E: MONTHLY PROGRESS REPORTS





Monthly Report: January
Project: Laboratory Evaluation ofIn Situ Chemical Oxidation as a Technologyfor Groundwater
Remediation at the INEEL TAN Site

Budget and Cost
Funds were received at ORNL on January 14, 1998. The January cost report is presented in
Table ELI, in which the project costs are broken down in a variety of ways.

Technical Progress
This section describes the progress made in the remaining days of the January business month
after receipt of funding (1/14/98). An environmental, safety, health, and quality (ESH&Q)
evaluation was submitted for the project and approved. A request to perform the actual EPA
TreatabilityStudy with the INEEL media was prepared, submitted to, and approved by the
ORNLOffice of Environmental Protection. A Project Review Summary (PRS) was prepared and
approvedfor NEPA compliance. The project activities are covered by an existing NEPA
categorical exclusion (2017X) for work involving such bench-scale laboratory activities. A draft
(>80% complete) test plan for the project was submitted to INEEL for initial review.
Completion of this test plan is all that is necessary to fulfill the requirements of Task 1 in the
project SOW.

Product research was conducted to select the incubator/shaker for the Tasks 3 and 4 studies. A

requisition has been submitted to New Brunswick Scientific for the purchase of two (2)
incubators, with an expected deliverydate of 2/27/98. Numerous other materials and laboratory
supplies (vials, VOC standards, etc.) have been ordered in preparation of the upcoming work.

In the laboratory, several preliminary experiments have been conducted to assist in the selection
of an appropriate reactor for the Task 4 TCE degradation work. Of the most significance, an
experiment (Exp 2a-2 in the current testplan) was conducted to evaluatethe abilityof glass
reactors sealed with a groundglass stopper to hold TCE solutions (100 mg/L) for a 24 hr period
without significant losses due to volatilization. The glass stoppers were equipped with activated
carbon tubes, which were vented to the atmosphere. (With this configuration, a reactor cannot be
pressurized as a result of the treatment experiments that will be conducted in Task 4.) Duplicate
samples of the solution were collected from each reactor at Time =0,4, and 24 hours. The
carbon filters were also extracted with hexane at the end of the 24 hour test period.

Mass balance calculations were performed on each of the four (4) test reactors. The most
promising results were obtained when the bottom of the carbon tube was covered with a thin
Parafilm covering (which will rupture if a pressurization were to occur). For this reactor, 98.5%
of the recovered TCE remained in spike solution following the test. Similar, 1.2% and 0.3% of
the recovered TCE was removed from the system via the aliquot samples and carbon filters,
respectively. Furthermore, total TCE recovery from the reactor was between 82% and 107% of
theinitial TCE mass in the reactor. The widerecovery rangeis unfortunately a result of a large
discrepancy between the duplicate TCE samples collected at time=0. However, another test
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reactor with <2% difference between duplicate that was evaluated yielded a totalTCE recovery
between 97% and 99.1%. More details of this experiment will be submitted later.

Technical Problems and Proposed Resolutions
The majority of the effort this month was devoted to administrative issues and material
acquisition. Our current G.C. configuration is workingverywell in regard to overall
performance and TCE resolution; however, it is not currently optimizedfor resolving the cis- and
trans-1,2 DCE compounds. Work will continue to refine the configuration (temperature
program, columns, flowrates, etc.).
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Table El. 1. Cost Report, Through January 1998.
Project: Laboratory Evaluation of InSituChemical Oxidation as a Technology forGroundwater Remediation at theINEEL TAN Site

Business Month ESD-Total Matl ESD-Total Effort RMAL-Total Matl RMAL-Total Effort Total Material Cost Total Effort Cost Total Cost TOTAL ESD TOTAL RMAL
Jan-98 $0 $7,412 $0 $0 $0 $7,412 $7,412 $7,412 $0
Feb-98

Mar-98

Apr-98
May-98
Jun-98

Jul-98

Aug-98

Sep-98
Oct-98

Total $0 $7,412 $0 $0 $0 $7,412 $7,412 $7,412 $0

•RAND TOTAL (Thru Oct 98)

TOTAL FUNDS REMAINING

$7,412
$244,172

jTotal Budget: $251,584~



Monthly Report: February
Project: LaboratoryEvaluation ofIn Situ Chemical Oxidation as a Technologyfor Groundwater
Remediation at the INEEL TAN Site

Budget and Cost
The February cost report is presented in Table El.2, in which the project costs are broken down
in a variety of ways. The material costs are associated with miscellaneous supplies for the
laboratory work and for the purchase of items needed in the development of the reactors to be
used for the Task 4 experiments.

Technical Progress
This section describes the progress made during the February business month.

The TSF-05 and TAN-40 groundwater, basalt, and sediment samples were received on 2/11/98,
and the eleven coolers used for shipping have been returned to INEEL as requested. The TSF-05
sludge was received at ORNL on 2/27/98. Information regarding the receipt of these materials
have been submitted to ORNL Office of Environmental Compliance, as required by the
regulations controlling EPA treatability studies. The analytical data for the TSF-05 sludge has
not yet been received from INEEL, but ORNL has been notified that the results indicate the
material to be less than 50 ppm PCBs.

The laboratory test plan continued to be prepared during the month. Changes and refinements to
the test plan for the Task 3 and 4 activities were based on results and observations noted during
the technique development work (Task 2) that is underway.

The most significant change to the testplan is a result of the hexane extraction experiment
conducted for the reactive zone media at ESD. A summary of this experiment follows:

The extraction experiment was performed to help determine what the most effective
extraction period is for each medium being evaluated. The contaminant equilibration
(of TAN-40 groundwater spiked at 1 mg/L TCE and soil) period was conducted at 12-
15°C. Following equilibration, the hexane extraction was conducted at room
temperature. Several aliquot samples were taken with time as the mixture was being
extracted. Samples were taken of both the hexane and aqueous phases. The aqueous
phase was further evaluated by determining the fraction of TCE present in both the
liquid and solid phases at each time interval.

Results obtained for extraction of sediment (Figure El), crushed basalt, and
groundwater alone were similar. Greater than 99.9% of the total TCE extracted after
2 hours is present in the hexane phase, and there is essentially no difference in TCE
concentrations between the filtered and unfiltered aqueous samples for any media type
evaluated after 2 hours. Extraction efficiency did not appear to increase between the
2 and 24 hr sampling periods, suggesting that a 2 hour extraction time is adequate.
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Mass balances were also performed for each test case evaluated. Average TCE
recoveries of 89%, 92%, and 92% were obtained for the samples containing sediment,
crushed basalt, and groundwater only, respectively. The unrecovered TCE mass is not
expected to exist as residual contamination on the solid phase since recoveries
obtained for the groundwater only case were comparable. These mass balance
computations are greatly controlled by the value obtained for the initial TCE
concentration of the spikedgroundwater. While duplicate analyses of the initial spike
solution were in close agreement (avg= 932 ppb , sd=4 ppb), the potential for VOC
losses certainly existed between the time these initial samples were collected and the
time the vials were equilibrated (overnight) and finally transferred to the extraction
bottles for the start of the extraction test.
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Figure El. Results of Hexane Extraction Experiment for Crushed Basalt
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Notification had been received that refrigerated incubators were shipped from the vendor on
2/27/98, but they have not yet been received by ORNL.

Further developmentof the test reactors has continued this month. At this point, the required
number of reactors needed for the Task 4 experiments have not been ordered. Instead, only a few
setups have been acquired for testing to avoid unnecessary spending.

Spreadsheet templates were prepared this month by ESD to have consistency in the approach
used to perform the data calculations and present the results of each upcoming experiment.
Technicaleffort this month was also directed toward configuring the GC reports to meet the
requirements set forth for the VOC data packages that will ultimately be submitted for the Task
4, TCE degradationstudies. The Retention Time Window for TCE compound was determined
with the current analytical setup.
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Technical Problems and Proposed Resolutions
It was reported last month that our current G.C. configuration is not capable of resolving the
vinyl chloride, cis DCE, and trans DCE compounds. This is no longer expected to be a problem.
The ORNL staff has access to other instruments that will be able to detect and quantify these
compounds when the Task 4 experiments dealing with the co-contaminants are performed.
There are currently no major technical problems that must be resolved.
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Table El .2. Cost Report, Through February 1998.
Project: Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEELTAN Site

Business Month ESD-Total Matl ESD-Total Effort R_v_Al_-Total Matl RMAL-Total Effort Total Material Cost Total Effort Cost Total Cost TOTALESD TOTAL RMAL
Jan-98 $0 $7,412 $0 $0 $0 $7,412 $7,412 $7,412 $0
Feb-98 $2,105 $17,675 $0 $1,057 $2,105 $18,732 $20,837 $19,780 $1,057

Total $2,105 $25,087 $0 $1,057 $2,105 $26,144 $28,249 $27,192 $1,057

GRAND TOTAL (Thni Oct. 98)

TOTAL FUNDS REMAINING

$28,249

$223-335

|Total Budget: $251,584 ~|



Monthly Report: March
Project: Laboratory Evaluation ofIn Situ Chemical Oxidation as a Technologyfor Groundwater
Remediation at the INEEL TAN Site

Budget and Cost
The March cost report is presented in Table El.3, in which the project costs are broken down in a
variety of ways. The material costs this monthwere significant due to the acquisition of the
refrigerated incubators for use in the Task 3 and 4 studies.

Technical Progress
This section describes the progress made during the March business month:

Staffat ORNL/RMAL performed pre-treatment TOC determinations on multiple samples of the
TSF-05 sludge. Gross radionuclide activity determinations were also performed by RMAL for
the RMAL. The analytical results are still being prepared.

Another test was conducted to assess the gas-tightness of the test reactors to be used in the Task
4 TCE oxidation work. The spike solution was equilibrated 18 hrs at 12 C before initial
sampling occurred. A 90% mass balance was achieved. In these developmental experiments, we
are conservatively opening up the vessel viacollection of duplicate samples at eachsampling
interval. A better mass balance is anticipated in the Task 4 work: The frequency of duplicate
collection during the Task 4 experiments is not as aggressive. Nonetheless, one more iteration of
this experiment will beconducted using a slightly different sampling port configuration thathas a
Teflon stopcock.

Upon therequest of INEEL, an additional lab experiment was prepared andsetup to determine
the oxidant dose needed in the field to reach the 5 ppb MCL limit for TCE. This work was
conducted the first weekof April, and the test findings have already been submitted to INEEL
under separate cover.

The basalt equilibration study was also performed thismonth. In this test,TCE spiked TAN 40
groundwater wasequilibrated with the crushed and aggregate basalt typesfor various time
periods, with the maximum timeperiod being21 days. Control samples, in which mediawas not
added to the test containers, werealsocarried through the experiment. Between 20-50% of the
initial TCE was lost from thespiked groundwater, however, a larger proportion of theTCE lost
appears tobeattributed tovolatilization losses from the test containers than from sorption bythe
basalt media. (Due to the long holding times involved, there were significant changes in TCE
concentrations in thecontrol samples.). There were also procedural problems as discussed in the
next section, thus this experimentwill likely be repeated.

Technical Problems and Proposed Resolutions
One ofthe new refrigerated incubators acquired last month did not function properly, due toa
refrigerant leak. The vendor replaced the unit on April 17th, with the damaged unit being
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returned at their expense. This problem has caused a slight schedule slip for the work being
conducted at ORNL/RMAL on the TSF-05 sludge; however, the ESD portion of the work is still
currently the critical path to project completion.

The testplan originally called for the collection of aqueous samples in disposable syringes and
subsequent filtering prior to hexane extraction and TCE analysis. This was written into the
procedures in order to discern TCE quantities associated with the particulate phase in the
samples. Subsequent experimental data has shown that the 0.45 micron filters absorb 10-15% of
the TCE that passes through them. Work is currently on-going to modify the testplan to
eliminate this step, and work is being conducted to quantify how much solid phase is typically
present on a spent filter to determine how much accuracy might be lost if the samples aren't
filtered.
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Table El .3. Cost Report, Through March 1998.
Project: Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Business Month ESD-Total Matl ESD-Total Effort RMAL-Total Matl RMAL-Total Effort Total Material Cost Total Effort Cost Total Cost TOTAL ESD TOTAL RMAL

Jan-98 $0 $7,412 $0 $0 $0 $7,412 $7,412 $7,412 $0

Feb-98 $2,105 $17,675 $0 $1,057 $2,105 $18,732 $20,837 $19,780 $1,057
Mar-98 $18,758 $15,666 $0 $901 $18,758 $16,567 $35,325 $34,424 $901

Apr-98

May-98

Jun-98

Jul-98

Aug-98
Sep-98

Oct-98

Total $20,863 $40,753 $0 $1,958 $20,863 $42,711 $63,574 $61,616 $1,958

GRAND TOTAL (Thiu Oct. 98)

TOTAL FUNDS REMAINING

$63,574

$188,010

|Total Budget: $251,584



Monthly Report: April
Project: Laboratory Evaluation ofIn Situ Chemical Oxidation as a Technologyfor Groundwater
Remediation at the INEEL TAN Site

Budget and Cost
TheApril cost report is presented in Table El.4, in which the projectcosts are broken down in a
variety of ways. Pleasenote that the RMAL portion of the work has began, costs will be
increasing here next month. Also note that the allmaterials procured for the experimental work
are being ordered at ESD to simplify purchasing logistics, but being used by both divisions
working on the project.

A review ofthe current schedule was examined in April and submittedto INEEL for review. As a
result, we are requesting that the period of performance be extended to September 30, 1998.
Upon reviewofthe costs incurred to date to predictthe estimateat completion (EAC), additional
budget is not being requested at this time.

Technical Progress
This section describes the progress made duringthe April businessmonth:

The majority of the Task 3 oxidant consumption experiments were conducted this month. The
laboratory data are still being reduced and interpreted. The Task 3a work with the reactive zone
material, however, does not indicate a major loss ofMn04" as a result of the interaction with
either the TAN-40 groundwater, basalt, or sediment matrixes. The greatest losses <20%) do
appear to result from interaction with the finely crushed TAN-37 sediment material. In many
circumstances, particularly for the 1% Mn04' loading, the error associatedwith sampledilution
for Mn04" analyses appears to be greater than any observable losses of the oxidant via its
consumption. In contrast, 4:1 L/S slurries of TSF-05 groundwater and sludge consumed all the
initial KMn04" in less than 30 minutesfor both the 0.01 and 0.10% Mn04' loadings. Work with
the TSF-05 sludge at higher oxidant loadings is in progress.

At the request of INEEL, a second experiment investigating the kinetics of TCE degradation was
performed. In this experiment, three oxidant loadings (15, 65, and 100 mg/L Mn04") were
reacted with 40 mL of TAN groundwater spikedwith 1000 ppb TCE. The results are presented
in Figure 1 (each loading was evaluated in duplicate). The rate ofTCE degradation increases
with increases in the initial oxidant loading. Twenty-four hours was the maximum reaction period
evaluated. At that time, a residual of20 ppb TCE remained in the samples having the 15 mg/L
Mn04- loading, and an average residual of 7 ppb was reached for 65 mg/L loading. TCE was not
detected in any of the samples with the 100mg/LMn04' loadingafter a reaction time of4 hours.
A residual Mn04" concentration was still present («90wt % of initial loading) in all samples at 24
hrs. More information regarding this experiment is available if it is needed.
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Figure E2. Results of TCE Kinetic Oxidation Study-

Needed supplies to test another configuration for the Task 4 reactors were received this month,
and will be assessed during the week of May 11, 1998. The task 4 studies can be initiated after
this work is completed.

The basalt equilibration experiment (Exp. 2c-1) was also initiated again this month as a result of
the filtering problem encountered during the test last month. These samples are being analyzed
via Purge and Trap/FID detector to better detect small changes in TCE concentrations with time
that are anticipated.

The hexane extraction experiment on the TSF-05 sludge and groundwater was performed by
ORNL/RMAL. As with the reactive zone materials evaluated previously at ORNL/ESD, a 2 hour
extraction time is adequate for the sludge material.

Technical Problems and Proposed Resolutions
It was reported last month that one of the new refrigerated incubators did not work upon receipt.
A new unit has been has been received and the other was returned to the vendor at their cost.

It was also reported last month that the 0.45 ^im filters used prior to TCE analyses were
adsorbing some quantities of TCE. A test was conducted this month to determine how much
solid fraction is present in TAN40 groundwater or slurries of groundwater with basalt or
sediment. In the worst case, a 10 mL aliquot of the crushed basalt contained less than 0.2% of
the slurry's solid mass. Experiments are planned for May in which a comparison between TCE
sampling via glass and plastic, disposable syringes will be performed to determine whether TCE
adsorption is a problem here too.
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Table El.4. Cost Report, Through April 1998.
Project: Laboratory' Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Business Month ESD-Total Matl ESD-Total Effort RMAL-Total Matl RMAL-Total Effort Total Material Cost Total Effort Cost Total Cost TOTAL ESD TOTAL RMAL

Jan-98 $0 $7,412 $0 $0 $0 $7,412 $7,412 $7,412 $0

Feb-98 $2,105 $17,675 $0 $1,057 $2,105 $18,732 $20,837 $19,780 $1,057

Mar-98 $18,758 $15,666 $0 $901 $18,758 $16,567 $35,325 $34,424 $901

Apr-98 $136 $11,410 $0 $2,265 $136 $13,675 $13,811 $11,546 $2,265

May-98

Jun-98

JuI-98

Aug-98

Sep-98
Oct-98

Total $20,999 $52,163 $0 $4,223 $20,999 $56,386 $77,385 $73,162 $4,223

aooooaoo060fl_ai>oaoao«--»Q--B-iaaaaaaaaona»

ORAND TOTAL (ThruOct. 98)

TOTAL FUNDS REMAINING

$77,385

$174,199

|Total Budget: $251,584



Monthly Report: May
Project: Laboratory Evaluation ofIn Situ Chemical Oxidation as a Technologyfor Groundwater
Remediation at the INEEL TAN Site

Budget and Cost
The May cost report is presented in Table El .5, in which the project costs are broken down in a
variety of ways.

Technical Progress
This section describes the progress made during the May business month:

TASK 3, Oxidant Consumption Work
Alloriginallyplanned experimental test conditions were completed in May at both the ESD and
CASD facilities, for the reactive zone and hot spot media, respectively. The data was recently
transmitted to INEEL. While the anticipated results are supported by the data, the results for the
reactive zone media were difficult to interpret due to difficulties in executing the test procedure.
Thus, the reaction zone experiments (Task 3A) are being repeated using a modified step for
oxidant spiking/injection, and the results at this point appear to be more informative and
meaningful.

TASK 2, Development Work
The final reactor configuration (TASK2a-3) was evaluated to assess its ability to maintaingas-
tight conditionsover time. The reactor, initially spiked at 100 ppb, maintained that TCE
concentration when subjected to five (5) aliquot sampling events over a 24 hr period. The final
design consists of a 500 mL flask, having a 42/29 standard taping opening. To both minimize and
account for non-oxidative VOC losses that occur during aliquot sampling, the reactors are sealed
with an adapter that maintains gas tight conditions during the reaction (Teflon Stopcock). Any
VOC mass lost during sampling will be quantified via adsorption onto 6 mm diameter charcoal
tubes extracted with hexane and analyzed along with the test samples.

This study also evaluated the effect of sampling via both glass and plastic, disposable syringes.
Six aliquots were sampled using both techniques. The average TCE value obtain by sampling
with the glass syringe was only 0.1% greater than the value obtained with the disposable syringes.
The difference in TCE values between glass and plastic syringe sampling ranged between -4% to
+4% for the six aliquots. Based upon this information, the use of the plastic disposable syringes
will be continued in the Task 4 studies.

TASK 4, TCE Degradation Work
Significant modifications were made to the test procedure for the Task 4 work this month. These
changes were made for numerous reasons: (1) to makethe procedureboth more thorough and
easier to follow (2) to provide specifics regarding the use of the final test reactor (3) to
eliminate/modify steps that caused problems in the Task 3 work.
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TCE treatment experiments were initiated at both ESD and CASD this month. Six experiments
have successfully been conducted to date. The preliminary data indicate both rapid and significant
changes in TCE values as a result of oxidant additions. The control reactors appear to be
maintaining their initial TCE concentrations well, and little TCE has been observed on the
sampling port's charcoal tubes. In fact, there are two charcoal beds placed in series on each
reactor, TCE has not yet been detected on the second bed. Formal results of the Task 4 work to
date is currently planned to be presented in the June monthly report.

Technical Problems and Proposed Resolutions
TASK 3, Oxidant Consumption Work
As discussed above, ESD experienced problems achieving the desired oxidant concentrations in
the test reactors. Often the final, measured oxidant concentration was greater than that computed
using the laboratory gravimetric data. To fix this problem, a new calibration curve was prepared,
and oxidant is now being adding via the use of stock Mn04- solutions as opposed to the addition
of the solid KMn04- crystals. This procedural modification was also written into the most
current Task 4 degradation procedures. Calibration standards will also be titrated in the
preparation of future Mn04- calibration curves to further ensure that the calibration data is
correct.

TASK 4, TCE Degradation Work
At the start of the degradation work, CASD staffwere experiencing problems achieving the
desired initial spike concentrations. After a careful review of their laboratory approach used to
execute the test procedure, slight changes have been made that have now resolved this situation.
However, two experiments will have to be re-performed.
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Table El .5. Cost Report, Through May 1998.
Project: Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Business Month ESD-Total Matl ESD-Total Effort RMAL-Total Matl RMAL-Total Effort Total Material Cost Total Effort Cost Total Cost TOTAL ESD TOTAL RMAL

Jan-98 $0 $7,412 $0 $0 $0 $7,412 $7,412 $7,412 $0

Feb-98 $2,105 $17,675 $0 $1,057 $2,105 $18,732 $20,837 $19,780 $1,057

Mar-98 $18,758 $15,666 $0 $901 $18,758 $16,567 $35,325 $34,424 $901

Apr-98 $136 $11,410 $0 $2,265 $136 $13,675 $13,811 $11,546 $2,265

May-98 $382 $18,081 $0 $10,923 $382 $29,004 $29,386 $18,463 $10,923

Jun-98

Jul-98

Aug-98

Sep-98

Oct-98

Total $21,381 $70,244 $0 $15,146 $21,381 $85,390 $106,771 $91,625 $15,146

ORAND TOTAL (Thru Oct 98)

TOTAL FUNDS REMAINING

$106,771

$144,813

Total Budget: $251,584



Monthly Report: June
Project: LaboratoryEvaluation ofIn Situ ChemicalOxidation as a Technologyfor Groundwater
Remediation at the INEEL TAN Site

Budget and Cost
The June cost report is presented in Table El.6, in which the project costs are broken down in a
variety ofways.

Technical Progress
This section describes the progress made during the June business month:

TASK 3, Oxidant Consumption Work
The consumption experiments using the reactive zone media (Task 3A) were repeated in June and
the data has already been sent electronically to INEEL. The experimentswere repeated using a
modified step for oxidant spiking/injection.

TASK 4, TCEDegradation Work

Reactive Zone Media

Experimental data for one ofthe reactivezone mediaexperiments are presented in Figures E3 and
E4. In this experimental run, TAN40 groundwater only was spiked with TCE. The average TCE
concentration of duplicate control reactors duringthe 6 sampling periods was 1,360 ppb (std
dev= 48 ppb over the 24 hr period). Duplicate test reactorswere subjected to oxidant loadings of
0.01 and 0.1% Mn04". TCE degradation was rapid and significant. The related oxidant
consumption data is presented in Figure E4. It is interesting to note that the "leveling" off of the
TCE degradation rate (Figure E3) for the first 0.01% test reactor corresponds to the significantly
larger consumptionvalue in FigureE4. Work is on-going to provide both a tabular and additional
graphical means to present the vast amount of data points (TCE, pH, Mn04") generated during the
course of one of these experiments.

TSF05 Sludge
Similarly, data for one of the TSF05 experiments are presented in Figures E5 and E6. TCE
(100,000 ppb) in the TSF05 sludge/groundwater slurryis also quickly oxidized. However, a
residual TCE concentration ofapproximately 100 ppb was still present after 24 hours. Although
most of the oxidant was consumed for the 1% Mn04" oxidant loading, approximately 40% ofthe
oxidant mass originally added for the 3% Mn04" loading is still present at 24 hours. As a result of
this observation, some experiments involving the 1 and 3% loadings will be continued for periods
greater than 24 hours to determine if TCE oxidation continues, albeit at a much slowerrate than
observed during the first few hours of reaction.
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Figure E6, TSF-05 Sludge & Groundwater, Oxidant Consumption.

Technical Problems and Proposed Resolutions
Data from the repeated basalt equilibration study (Task 2c-1) are inconclusive. (The first attempt
at this task was erroneous due to the discovery that the 0.45 micron membranes being used to
filter the aqueous TCE samples adsorbed TCE.) In the repeated test, aqueous TCE was analyzed
via the more sensitive purge and trap GC analysis. At any given time interval, differences among
TCE concentrations in samples of TAN40 groundwater only, groundwater with aggregate basalt,
and groundwater with crushed basalt were minimal and within one standard deviation. It is
believed that instrument performance changed duringthe course of the 8 day test. A definitive
and needed equilibration time for the aggregatebasalt was not observed. As a result, ESD is
currently planning to use a 24 hr equilibration period (as with the other media) duringthe Task 4a
experiments with aggregate basalt.
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Table El.6. Cost Report, Through June 1998.
Project: Laboratory Evaluation of In Situ Chemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Business Month ESD-Total Matl ESD-Total Effort RMAL-Total Matl RMAL-Total Effort Total Material Cost Total Effort Cost Total Cost TOTALESD TOTAL RMAL

Jan-98 $0 $7,412 $0 $0 $0 $7,412 $7,412 $7,412 $0

Feb-98 $2,105 $17,675 $0 $1,057 $2,105 $18,732 $20,837 $19,780 $1,057
Mar-98 $18,758 $15,666 $0 $901 $18,758 $16,567 $35,325 $34,424 $901

Apr-98 $136 $11,410 $0 $2,265 $136 $13,675 $13,811 $11,546 $2,265
May-98 $382 $18,081 $0 $10,923 $382 $29,004 $29,386 $18,463 $10,923
Jun-98 $2,108 $14,366 $0 $23,310 $2,108 $37,676 $39,784 $16,474 $23,310

Jul-98

Aug-98

Sep-98

Oct-98

Total $23,489 $84,610 $0 $38,456 $23,489 $123,066 $146,555 $108,099 $38,456

GRAND TOTAL (Thra Oct 98)

TOTAL FUNDS REMAINING

$146,555

$105,029

bbbbWMbwWbwbVbwbbbW

Total Budget: $251,584



Monthly Report: July
Project: Laboratory Evaluation ofIn Situ Chemical Oxidation asa Technologyfor Groundwater
Remediation at the INEEL TAN Site

Budget and Cost
The July cost report is presented inTable El .7, in which the project costs are broken down in a
variety of ways.

Technical Progress
The conduct of the remaining Task 4 oxidation rate studies continued during the month of July.
The hot spot groundwater studies listed in SOW Table 2.6 are being divided up between the ESD
andRMAL research teams in order to expedite completion of the labexperiments. ESD will
conduct the four (4) 10 mg/L initial TCE experiments listed inTable 2.6 (including the 2 co-
contaminant experiments), and RMAL will conduct the 100 mg/L and DNAPL TCE experiments.
Summary information regarding the experiments performed in July will beavailable soon. As
observed in the Table 1 cost report, a great deal of the effort was expended in July on this project,
with greater than 95% ofthat effort being dedicated to the actual conduct oftheexperiments.

Technical Problems and Proposed Resolutions
No additional technical problems were encountered during July.
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Table El .7. Cost Report, Through July 1998.
Project: Laboratory Evaluation of In Situ Chemical Oxidation as a Technology' for GroundwaterRemediationat the INEELTAN Site

Business Month ESD-Total Matl ESD-Total Effort RMAL-Total Matl RMAL-Total Effort Total Material Cost Total Effort Cost Total Cost TOTAL ESD TOTAL RMAL

Jan-98 $0 $7,412 $0 $0 $0 $7,412 $7,412 $7,412 $0

Feb-98 $2,105 $17,675 $0 $1,057 $2,105 $18,732 $20,837 $19,780 $1,057

Mar-98 $18,758 $15,666 $0 $901 $18,758 $16,567 $35,325 $34,424 $901

Apr-98 $136 $11,410 $0 $2,265 $136 $13,675 $13,811 $11,546 $2,265

May-98 $382 $18,081 $0 $10,923 $382 $29,004 $29,386 $18,463 $10,923

Jun-98 $2,108 $14,366 $0 $23,310 $2,108 $37,676 $39,784 $16,474 $23,310

Jul-98 $2,473 $18,532 $0 $25,748 $2,473 $44,280 $46,753 $21,005 $25,748

Aug-98

Sep-98
Oct-98

Total $25,962 $103,142 $0 $64,204 $25,962 $167,346 $193,308 $129,104 $64,204

ORAN D TOTAL (Thni Oct 98)

TOTAL FUNDS REMAINING

$193,308

$58,276

(Total Budget- $25^584



Monthly Report: August
Project: Laboratory Evaluation ofIn SituChemicalOxidation as a Technologyfor Groundwater
Remediation at the INEEL TAN Site

Budget and Cost
The August cost report is presented in Table El.8, in which the project costs are broken down in
a variety of ways. Please note that no costs were incurred from the ORNL RMAL research team.
This is due to the fact that their operating account was inadvertently closed in July. Their finance
organization was not duly notified of the extension to the period of performance. The account
has subsequently been re-opened, and the entire remaining balance in the RMAL account ($12.7
K) will be costed out in the September businessmonth. Likewise, it is also anticipated that all $$
resources within the ESD operating account will also be expended during the September in the
preparation of the final report.

Technical Progress
During the month ofAugust, all Task 4 oxidation rate experimentswere completed, includingthe
co-contaminants experiments in which the TSF-05 groundwater was spiked with TCE, cis-1,2
DCE, trans-1,2 DCE, and 1,1 DCE. A great deal of effort was expended in optimizing instrument
operation conditions in order to properly quantifythese analytes. It was planned to also spike
with vinyl chloride. Unfortunately, quantification of vinyl chloridevia GC/ECD could not be
accomplished. Vinyl chloride determinationvia purge & trap of aqueous samples could be
accomplished, but was not feasible here due to the large number ofVOC samples (70+) that are
generated from each experiment. (ORNL/ESD GC instruments used for such purge and trap
analyses are not equipped with automated sampling devices.)

Communication with INEEL this month focused upon the final desired format/outline of the
ORNL final report. Actual preparation of the final report was initiated in August and will
continue throughout the month of September.

At the request of INEEL, additional laboratory work is being conducted in September to perform
a matrix spike study for each TAN site material to ascertain the actual % TCE recovery that can
be achieved using the final laboratory procedure developed in order to perform the Task 4
oxidation rate studies. These matrix spike experiments are being conducted at 100-500 ppb so
that dilutions prior to GC analysis will not be needed, thereby "removing" errors associated with
the preparation of such dilutions from the matrix spike study. Results of these experiments will be
added to the final report as soon as they are available.

Technical Problems and Proposed Resolutions
All experimental work is essentially complete. The primary task for ORNL is the complete the
final report during the Septemberbusiness month.
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Table El.8. Cost Report, Through August 1998.
Project: Laboratory Evaluation of In SituChemical Oxidation as a Technology for Groundwater Remediation at the INEEL TAN Site

Business Month ESD-Total Matl ESD-Total Effort RMAL-Total Matl RMAL-Total Effort Total Material Cost Total Effort Cost Total Cost TOTAL ESD TOTAL RMAL

Jan-98 $0 $7,412 $0 $0 $0 $7,412 $7,412 $7,412 $0

Feb-98 $2,105 $17,675 $0 $1,057 $2,105 $18,732 $20,837 $19,780 $1,057

Mar-98 $18,758 $15,666 $0 $901 $18,758 $16,567 $35,325 $34,424 $901

Apr-98 $136 $11,410 $0 $2,265 $136 $13,675 $13,811 $11,546 $2,265

May-98 $382 $18,081 $0 $10,923 $382 $29,004 $29,386 $18,463 $10,923

Jun-98 $2,108 $14,366 $0 $23,310 $2,108 $37,676 $39,784 $16,474 $23,310

Jul-98 $2,473 $18,532 $0 $25,748 $2,473 $44,280 $46,753 $21,005 $25,748

Aug-98 $1,044 $18,479 $0 $0 $1,044 $18,479 $19,523 $19,523 $0

Sep-98
Oct-98

Total $27,006 $121,621 $0 $64,204 $27,006 $185,825 $212,831 $148,627 $64,204

ORAND TOTAL (Thiu Oct 98)

OTAL FUNDS REMAINING

$212,831

$38,753

Total Budget: $251,584
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