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Zero Valent Iron
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Organic Hydrogen Donor

(a) 1:1 Ratio
Ethanol
Lactic Acid
Butyric Acid

Propionic Acid

Hydrogen Partial Pressure (atm)
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Hydrogen Partial Pressure (atm)
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Organic Hydrogen Donor - Utilization

COMPETITION FOR EVOLVED HYDROGEN

The rate of hydrogen ev on from donor fermentation, the ultimate
sgueous phase comCENLN that it astaing, the affiniry thag each set of
organisms has for hydrogen, and the populationd of hydragen users are |

the paramecters that determine the rate and exsent of dechlorination or
hvdrogenotrophic methanogenes:s thal ootars

Scroll aver

<

e o7

, METHANE FROM
DECHLORINATION EYRROCEN

A TO BTRARA EETRCOENOTIOPC VTS N0

HYDROGENOTROPHIC
METHANOGEN
BIOMASS

Innovative Environmental Technologies, Inc.

ACETATE

The kydrogen donors also prodace scetase upon
fermentathon. Acetslc may sccume e of be converted
hane by acetoclaste methamo
ration effects the thermody
donor fermentation
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FERMENTED YEAST EXTRACT

, #nd longer-chained VF As, and it contributes a
cant amount of eutra redocing equivalents over
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Essential Nutrients

Under natural conditions, the aquifer may
contain suitable amounts of trace nutrients for
microbial growth; however, the nutritional
demand imposed by rapid microbial growth in
response to addition of an organic substrate
may exceed the capacity of the aquifer system

(Chamberlain, 2003).
|

In addition to the abiotic transformations, when
an impacted aquifer is amended with carbon
under low pH or nutrient limiting conditions the

fermentable organic matter may be converted
to a variety of ketones, including acetone or ™
’ET methyl ethyl ketone (MEK; 2-butanone).
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Applying What we Area “B” Mm[lf :
“Know” —

Site Name Charles Beseler Intervals 3 . . .
Area B
, , Area B [ I ]
Parameters Units Assumptions ea . . .
[Target Area Ft.X Ft. 1040 H ; . H : H : H :
o Abcots o Coroaion o GAC Injection Summary: Injection #1 Injection #2 Injection #3 . . .
IConstant o 30 i i _20)' 24" _28Q!'
IArea of influence of Remediation Depth of Injectlon 18-20 22-24 26-28 . . . .
njection(s) Saq. Ft. 95.0330979 Grams B2/inj 33.73 33.73 33.73 . . .
Estimated Number of Injections to |
[Treat Area njections 9 . . .
ertical_impacted zone Ft. 10 - . . .
Total Volume Targeted Cu. Yd. 385.1851852 (Grams B12/inj 4.86 4.86 4.86 11
Porosity be 20.00% IGrams RYR/inj 71.76 71.76 71.76 . . .
IGroundwater Flow Velocity Ft/Yr 10.00 .
Injection Depth Fi- bas 18.28 Pounds Yeast Extract/inj 2.00 2.00 2.00 . . .
olatile Organic Compounds in Pounds Provectus IR/inj 25.00 25.00 25.00 B BEEER
ater
PCE pb 1 0.001ppm Pounds of ZVI/inj 30.00 30.00 30.00 . . . .
TCE pb 37000 37ppm . .
c-DCE pb 65000 65ppm Pounds of Sulfite/inj 2.00 2.00 2.00
-DCE pb 1 0.001ppm - . . .
[1-1 DCA pb 1__0.001bpm Pounds of Nutrient/inj 2.00 2.00 2.00 . . .
1,1 DCE pb 1 0.001ppm
C ob 1000 Thpm Kelp - Hydrolyzed 10.00 10.00 10.00 1T 111
0 Propionate (Lipid) 16.67 16.67 16.67 [ § ]|
Injection Parameters 0 . . .
Anticipated Radius of Influence __Ft 5.5 Gallons of Sulfite/Nutrient/zvi 75.00 75.00 75.00
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Applying What we

({1 Kn OW”

Area “D”

MﬂFME :

Site Name Charles Beseler Area D
Area D

Parameters Units Assumptions [njection Summary: Injection #1 Injection #2 | Injection #3 | Injection #4
[Target Area Ft.X Ft. 1200, Depth of Injection 12-14' 16-18' 20-22' 23-25'
ISoil Absorbsion Correction for
IGAC Constant % 40 Grams
Area of influence of Remediation B2/inj 32.88 32.88 32.88 32.88
Injection(s) ISq. Ft. 95.0330975
Estimated Number of Injections  [# Grams
to Treat Area Injections 12) B12/inj 4.74 4.74 4.74 4.74
\vertical impacted zone Ft. 13 Grams RYR/inj 69.96 69.96 69.96 69.96
[Total Volume Targeted ICu. Yd. S77.7777778 .
Porosity % 20.00% Pounds Yeast Extract/inj 5.00 5.00 5.00 5.00
IGroundwater Flow Velocity Ft/Yr 10.00| Pounds Provectus IR/inj 12.50 12.50 12.50 12.50
'niflectt_ilonoDepth = — Ft - bgs 12-29 Pounds of ZVI/in] 25.00 25.00 25.00 25.00 wu i

olatile Organic Compounds in
Water P Pounds of Sulfitelinj 2.50 2.50 2.50 2.50
PCE pb 1 0.001ppm Pounds of Nutrient/inj 2.50 2.50 2.50 2.50
TCE pb 100000 10ppm | Kelp - Hydrolyzed 5.50 5.50 5.50 5.50
C-DCE pb 10000 10ppm e - Tycroyze : : ' :
t-DCE pb 1| 0.001ppm Propionate (Lipid) 12.50 12.50 12.50 12.50
1,1 DCA pb 50  0.05ppm

Gallons of

1,1 DCE pb 50  0.05ppm . . .

C ob 2000 2bpm ISulfite/Nutrient/zvi 75.00 75.00 75.00 75.00

0f
Injection Parameters 0]
Anticipated Radius of Influence _|Ft 5.5
|
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Applying What we
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Area “B” vs. “D” MMLE'

Area B Area D
Injection Depth 18-28 12-25 Ft - bgs
Soil Absorbsion Correction for GAC Constant 30.00 40.00 %
Targeted Compounds (GW)
TCE 37000 10000 ppb
c-DCE 65000 10000 ppb
t-DCE 1 1 ppb
1,1 DCA 1 50 ppb
1,1 DCE 1 50 ppb
VC 1000 2000 ppb
Injected
Mass/Interval Variance
B2 101.18 131.53 g 30.00%)
B12 14.57 18.95 g 30.00%)
Red Yeast Rice 215.27 279.85 g 30.00%
Yeast Extract 6.00 20.00 Ibs 233.33%
Provectus IR 75.00 50.00 Ibs -33.33%
ZVI 90.00 100.00 Ibs 11.11%
Sulfite 6.00 10.00 Ibs 66.67%)
Nutrient 6.00 10.00 Ibs 66.67%)
Kelp - Hydrolyzed 30.00 22.00 Ibs -26.67%
Propionate (Lipid) 50.00 50.00 Ibs 0.00%




Applying What we
“Knowﬂ

Results 600 Days

MﬂFME :

MW-12 (ug/L).

Sampling Date

05/13/2015

12/11/2015

02/29/2016

05/26/2016

08/29/2016

12/21/2016

07/18/2017

TCE

36,900

46,900

13,100

1,060

1,790

550

<5.3 1

cis-1,2-DCE

65,200

95,000

73,500

73.400

58,600

76,600

5,420 EEE

Vinyl Chloride

1,100

3,060

7,860

7,000

11,300

19,300

2,710

MW-16(ug/L)

Sampling Date

05/13/2015

12/11/2015

02/29/2016

05/26/2016

08/29/2016

12/21/2016

07/18/2017

TCE

8.1J

14.0

2.1

<0.26

0.64J

<2.6

<0.27

cis-1,2-DCE

1,240

14,300

1,200

195

535

1,540

49.5

Vinyl Chloride

453

8,000

1,410

122

1,100

13,400

247
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MﬂFME :

App|ying What we Results 600 Days

({1 Kn OW”

MW-12

Sampling Date

05/13/2015

12/11/2015

02/29/2016

05/26/2016

08/29/2016

12/21/2016

07/18/2017

Depth to GW (ft)

20.43

23.95

22.02

21.34

22.02

23.28

19.35

D.O. (mg/L)

3.72

<0.01

0.88

1.38

8.16

6.93

3.21

ORP (mV)

+113

-57

-54

-166

-99

-147

-106

Conductivity
(uohms/Con)

2,310

2,390

967

2,460

2,360

2,340

2,220

pH

7.20

7.54

6.59

6.65

6.71

6.13

6.49

Sulfate (mg/L)

50.5

34.8

<10

<10

NA

<10

4.6

Total Iron (ug/L)

8,160

13,200

40,200

16,100

NA

30,000

4,900

Methane (ug/L)

12.9

3.5

4.7

1,600

NA

1,440

3,410

Ethane (ug/L)

0.82

0.26

0.56

86.7

NA

60.9

71.9

Ethene (ug/L)

1.8

0.79

1.6

348

NA

1,170

2,170

Innovative Environmental Technologies, Inc.



Applying What we Results 600 Days um‘ul
“KnOW” ===

MW-16 ENER
Sampling Date 05/13/2015 | 12/11/2015 | 02/29/2016 | 05/26/2016 | 08/29/2016 | 12/21/2016 | 07/18/2017 EEE
Depth to GW 18.45 22.20 20.00 19.52 20.37 21.82 17.75 NN

D.O. (mg/L) <0.01 7.23 1.61 1.27 2.68 2.82 1.41

ORP (mV) -25 -128 -86 -105 -50 -176 -65
Conductivity (utohms/Con) 624 939 683 874 684 1,180 892
pH 5.76 8.93 6.78 6.70 6.93 6.41 6.48

Sulfate (mg/L) 26.5 11.4 12.4 <10 NA 20.2 5.0

Total Iron (ug/L) 3,310 2,650 52,100 10,400 NA 12,200 363
Methane (ug/L) 73.6 7.7 7.2 3,210 NA 7,200 6,710
Ethane (ug/L) 1.1 0.41 0.69 240 NA 351 226
Ethene (ug/L) 1.2 2.9 5.7 415 NA 3,780 729

Innovative Environmental Technologies, Inc. . . . .
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