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Samples with duplicate data are represented by the greater of the two results. MW=177
Sulfolane was analyzed by EPA Method 1625B with Iso-dilution.
Wells were gauged for LNAPL July 14" & 15, 2011.
Plume delineation is based on historical data.
Private well data from 2009-2011.
% Monitoring Well Private Wells M city well

Depth to Permafrost /A Not Detected
& 0-249 /A 3.2 pg/L - 10 pg/L (J-flagged)
& 25.499 /A 10 pg/L - 25 pg/L
@ 50-74.9 A 25 g/l - 100 pg/L
€ 75-99.9 A Greater than 100 pg/L
‘ 100 - 124.9 Aquifer Frozen at 55'
=TT Below the Water Table
@ 125-149.9

Aquifer Frozen at 90'
D FHRA Property Boundary T~ 1 Below the Water Table

13.1

Approximate Sulfolane Isopleth in pg/L

Sulfolane Concentration (ug/L)

Depth to Permafrost (feet BWT)

®
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Figure 111
SULFOLANE CONCENTRATIONS
IN GROUNDWATER
55-90' BELOW THE WATER TABLE
FROM PRIVATE WELLS
North Pole Refinery
Flint Hills Resources Alaska, LLC
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Notes:
Samples with duplicate data are represented by the greater of the two results.
Sulfolane was analyzed by EPA Method 1625B with Iso-dilution.
Wells were gauged for LNAPL July 14" & 15", 2011.
Plume delineation is based on historical data.
Private well data from 2009-2011.
% Monitoring Well Private Wells B City Well
Depth To Permafrost /A  Not Detected Sulfolane Concentration (ug/L) 11
Figure 112
® 25-499Ft /A 10 uglL - 25 pg/L IN GROUNDWATER
® 50-749Ft A 25pglL - 100 pg/L 6 90-160' BELOW THE WATER TABLE
€ 75-999Ft A Greater than 100 pg/L FROM PRIVATE WELLS
@ 100-1249Ft Aquifer Frozen at 55' 0 750 1,500 3,000 ~ North Pole Refinery
® 1 Below the Water Table Flint Hills Resources Alaska, LLC
125- 150 Ft Aquifer Frozen at 90' Feet
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Figure 113
SULFOLANE CONCENTRATIONS
IN GROUNDWATER
>160' BELOW THE WATER TABLE
FROM PRIVATE WELLS
North Pole Refinery
Flint Hills Resources Alaska, LLC




Conductivity: 321.4
Manganese (I1): 0.172
Ferrous Iron: 12.6
Sulfolane: 0.101J
Total Organic Carbon: 3.36

Hardness as CaCOs: 251

Manganese (Il): 0.196

Total Organic Carbon: 5.52

MW-167A

Temp: 0.2

pH: 6.54
Dissolved Oz: 0.54
Conductivity: 624

Ferrous Iron: 1.57
Sulfolane: <0.0111

Alkalinity: 266

Sulfate: 13.9 Hardness

MW-165A
Temp: 1.4
pH: 6.3
Dissolved Oz: 1.22
Conductivity: 231.5
Manganese (Il): 0.344
Ferrous Iron: 0.547
Sulfolane: <0.011
Total Organic Carbon: 3.29
Alkalinity: 155
Hardness as CaCOs: 160
Sulfate: 17.8

Alkalinity: 320
Hardness as CaCOs: 360
Sulfate: 21.5
MW-161A
Temp: 0.3 MW-164A
. pH:6.71 Temp: 0.3
Dissolved Oz: 0.46 pH: 6.59

Dissolved O2: 0.15
Conductivity: 292
Manganese (Il): 0.359
Ferrous Iron: 5.51
Sulfolane: 0.0678
Total Organic Carbon: 3.94
Alkalinity: 208

as CaCOs: 201

Sulfate: 25

Manganese (Il

Alkalinity: 1

MW-162A

Temp: 0.

pH: 7.21
Dissolved O2: 0.27
Conductivity: 329

Ferrous Iron: 11.5
Sulfolane: 0.0724JL
Total Organic Carbon: 5.79JL

Hardness as CaCOs: 197JL
Sulfate: 34.4JL

6

): 0.208

96JL

Conductivity:

Ferrous Iron:

MW-162B
Temp: 0.1
pH: 7.09
Dissolved O2:

Manganese (ll): 0.264

Sulfolane: 0.072JL
Total Organic Carbon: 2.3JL

0.25
228.8

<0.25

Manganese (Il): 0.215

Total Organic Carbon: 5.3

Hardness as CaCOas: 330

MW-167B

Temp: 0

pH: 6.58
Dissolved Oz: 0.2

Conductivity: 587

Ferrous Iron: 0.563
Sulfolane: <0.011

Alkalinity: 317

Sulfate: 14.2

Total Organic Carbon: 3.52

MW-168
Temp: 0.1
pH: 6.87
Dissolved O2: 0.22
Conductivity: 213.5
Manganese (l1): 0.09
Ferrous Iron: 10.6
Sulfolane: <0.0108

/

Alkalinity: 150
Hardness as CaCOs: 161
Sulfate: 22.1
MW-163A
Temp: 0.5
pH: 6.7

Dissolved O2: 0.62
Conductivity: 223.9
Manganese (Il): 0.112
Ferrous Iron: <0.25
Sulfolane: 0.0203
Total Organic Carbon: 2.24

MW-171A
Temp: 0.9
pH: 6.74

Dissolved O2: 0.43
Conductivity: 271.4
Manganese (Il): 0.361
Ferrous Iron: 0.05
Sulfolane: <0.0105

Alkalinity: 175 Total Organic Carbon: 6.98
Hardness as CaCOs: 198 Alkalinity: 209
Sulfate: 31 Hardness as CaCOs: 226
Sulfate: 29.9
MW-171B
Temp: 0.4
pH: 6.71

Dissolved O2: 0.29
Conductivity: 266.1
Manganese (Il): 0.236
Ferrous Iron: 1.34
Sulfolane: <0.0106
Total Organic Carbon: 4.09
Alkalinity: 194
Hardness as CaCOs: 198
Sulfate: 33.6

Total Organic Carbon: 2.66JL

Manganese (Il): 0.224

Hardness as CaCOs: 206

MW-157

Temp: 0.4

pH: 7.12
Dissolved O2: 0.41
Conductivity: 269.9

Ferrous Iron: 1.02
Sulfolane: 0.0851JL

Alkalinity: 190JL

Sulfate: 31.8

MW-158A
Temp: 1
pH: 6.6
Dissolved Oz: 0.46
Conductivity: 361.8
Manganese (Il): 0.176
Ferrous Iron: 8.8
Sulfolane: 0.113
Total Organic Carbon: 18.2

Alkalinity: 160 Alkalinity: 286
Hardness as CaCOs: 171 Hardness as CaCOs: 290
Sulfate: 32.6 Sulfate: 30.2

MW-156A
Temp: 0.5 MW-170A
pH:7.18 Temp: 4.7
Dissolved O2: 0.3 pH: 6.39
Conductivity: 274.3 a“ Dissolved O2: 0.27
Manganese (Il): 0.195 MW-1568B N Conductivity: 391.5
Ferrous lron: 1 Temp: 0.1 % Manganese (Il): 0.219
Sulfolane: 0.0926J pH: 7.32 Ferrous Iron: 6.8
Total Organic Carbon: 6.97 Dissolved O: 0.24 Sulfolane: <0.0109
Alkalinity: 196JL Conductivity: 186.1 Total Organic Carbon: 5
Hardness as CaCOs: 179 Manganese (I1): 0.246 & Alkalinity: 317
Sulfate: 25.6 Ferrous Iron: 0.13 Hardness as CaCOs: 326
Sulfolane: 0.0727J ' Sulfate: 34.1
Total Organic Carbon: 1.8 a
Alkalinity: 146 /| Py MW-131
Hardness as CaCOs: 155 % i a Temp: 4
Sulfate: 34.6 ’ pH: 6.84
Dissolved O2: 0.24
MW-151A Conductivity: 242
Temp: 0.9 Manganese (Il): 0.264
pH: 6.71 Ferrous Iron: 0.27
Dissolved O2: 0.24 Sulfolane: 0.0368
Conductivity: 239.9 MW-151B 2 Total Organic Carbon: 2.08
Manganese (Il): 0.274 Temp: 1.1 % Alkalinity: 168
Ferrous Iron: 0.682 pH: 7.09 Hardness as CaCOz: 193
Sulfolane: 0.0603 Dissolved O2: 0.2 Sulfate: 37.1
Total Organic Carbon: 1.8 Conductivity: 239.5 \
Alkalinity: 163 Manganese (Il): 0.263
Hardness as CaCOs: 175 Ferrous Iron: 1.1 Mw-127
Sulfate: 34.1 Sulfolane: 0.0661JL Temp: 4.3
Total Organic Carbon: 1.94JL _pH: 8'22.
Alkalinity: 15131 Dissolved Oz 0.21
. Conductivity: 219.1
Hardness as CaCOs: 164 Manganese (Il): 0.243
Sulfate: 35.6JL o
Ferrous Iron: 1.2
VIW-148A ) Sulfolane: 0.147
Temp: 1.6 MW-1488 MW-143 MW-142 fotal O/:?kzr:i'ﬁig?ﬁ%n' 226
pH: 6.46 Temp: 2.5 Temp: 23 Temp: 3.2 Hardness as CaCOs: 157
Dissolved Oz: 0.39 pH: 7.09 - pH:6.91 pH: 7.25 Sulfate: 38
Conductivity: 212.6 Dissolved O2: 0.22 D|sso|ve_d_Oz: 0.55 Dissolved Oz: 0.31 .
Manganese (Il): 0.018 Conductivity: 236.8 Conductivity: 252.4 Conductivity: 259.4
Ferrous Iron: 2.13 Manganese (I): 0.96 Manganese (Il): 0.47 Manganese (Il): 0.355
Sulfolane: 0.132J Ferrous Iron: 1.12 Ferrous Iron: 1.22 Ferrous lron: 8.9
Total Organic Carbon: 9.56 Sulfolane: 0.501J Sulfolane: 0.0972 Sulfolane: 0.455
Alkalinity: 152 Total Organic Carbon: 3.41 Total Organic Carbon: 3.22 Total Organic Carbon: 4.16
Hardness as CaCOs: 166 Alkalinity: 166 Alkalinity: 167 Alkalinity: 193
Sulfate: 20.9 Hardness as CaCOs: 186 Hardness as CaCOgz: 186 Hardness as CaCOs: 182
Sulfate: 32.2 Sulfate: 29.9 Sulfate: 18.2
Figure 114
4 Monitoring Well MONITORED NATURAL
Approximate Sulfolane Isopleth in pg/L ATTENUATION PARAMETERS
PP P H9 0 1,000 2,000 4,000 FIRST QUARTER 2011
D FHRA Property Boundary — North Pole Refinery
ee

Flint Hills Resources Alaska, LLC




MW-167A
Temp: 0.1
pH: 7.1
Dissolved O2: 0.58
Conductivity: 511
Manganese (Il): 0
Ferrous lron: 1.1
Sulfolane: <0.0112
Total Organic Carbon: 7.12
Alkalinity: 319
Hardness as CaCOas: 372
Sulfate: 18.3

MW-161A
Temp: 0.4
pH: 9.62
Dissolved Oz: 0.12
Conductivity: 308.6
Manganese (I): 0
Ferrous lron: 1.1
Sulfolane: 0.116

I/

Alkalinity: 244

Sulfate: 11.4

Total Organic Carbon: 3.51

Hardness as CaCOzs: 248

Dissolved O2: 0.15
Conductivity: 226.3
Manganese (ll): 0
Ferrous Iron: 0.47
Sulfolane: 0.0954
Total Organic Carbon: 2.27

Hardness as CaCOs: 185

MW-151A
Temp: 0.8
pH: 9.26

Alkalinity: 163

Sulfate: 37.5

MW-151B
Temp: 1
pH: 9.47
Dissolved O2: 0.1
Conductivity: 213.9
Manganese (I1): 0
Ferrous lron:
Sulfolane: 0.0691
Total Organic Carbon: 1.81
Alkalinity: 149
Hardness as CaCOs: 166
Sulfate: 37.4

MW-167B
Temp: O
pH: 7.22
Dissolved O2: 0.28
Conductivity: 485.8
Manganese (l1): 0
Ferrous lron:
Sulfolane: <0.0114
Total Organic Carbon: 6.26
Alkalinity: 314
Hardness as CaCOs: 336
Sulfate: 13.3

MW-164A
Temp: 0.3

pH: 7.2
Dissolved O2: 0.33
Conductivity: 233.1
Manganese (ll): 0

Ferrous Iron: 5
Sulfolane: 0.0774
Total Organic Carbon: 4.4
Alkalinity: 193
Hardness as CaCOs: 207

Sulfate: 24.7

MW-163A
Temp: 0.4
pH: 7.39
Dissolved O2: 0.51
Conductivity: 208.7
Manganese (Il): 0
Ferrous Iron: 0.14
Sulfolane: 0.0195
Total Organic Carbon: 2.86
Alkalinity: 169
Hardness as CaCOs: 183
Sulfate: 30.7

MW-171A
Temp: 0.7
pH: 6.82
Dissolved O2: 0.51
Conductivity: 244.7
Manganese (ll): 0
Ferrous Iron: 0.34
Sulfolane: <0.0112
Total Organic Carbon: 6.76
Alkalinity: 209
Hardness as CaCOs: 227
Sulfate: 29

MW-171B
Temp: 0.5
pH: 7.23
Dissolved O2: 0.3
Conductivity: 243
Manganese (I): 0
Ferrous Iron:
Sulfolane: <0.0110
Total Organic Carbon: 4.3
Alkalinity: 192
Hardness as CaCOas: 207
Sulfate: 33.3

MW-157

Temp: 0.2

pH: 7.56
Dissolved O2: 0.43
Conductivity: 61.1
Manganese (Il): 0
Ferrous Iron: 0.95
Sulfolane: 0.0493

Total Organic Carbon: 3.13

Alkalinity: 185
Hardness as CaCOs: 202
Sulfate: 31.2
AN\
MW-159
Temp: 0.6
pH: 6.86

Dissolved Oz: 0.6
Conductivity: 239.5
Manganese (I): 0

MW-148A
Temp: 1.5
pH: 6.88
Dissolved Oz: 0.44
Conductivity: 226.6
Manganese (Il): 0
Ferrous Iron: 4.9
Sulfolane: 0.113
Total Organic Carbon: 10.2
Alkalinity: 148
Hardness as CaCOs: 162
Sulfate: 19.4

MW-148B

Temp: 2.4

pH: 7.53
Dissolved O2: 0.11
Conductivity: 253.2
Manganese (Il): 0
Ferrous Iron: 0.07
Sulfolane: 0.205

Total Organic Carbon: 3.44

Alkalinity: 164
Hardness as CaCOs: 185
Sulfate: 30.9
MW-143 MW-142
Temp: 2.3 Temp: 2.9
pH: 7.7 pH: 7.64

100 0

Ferrous Iron: 0.01
Sulfolane: 0.103
Total Organic Carbon: 3
Alkalinity: 190
Hardness as CaCOs: 216
Sulfate: 40

MW-170A
Temp: 4.4
pH: 6.92
Dissolved O2: 0.25
Conductivity: 61.4
Manganese (ll): 0
Ferrous Iron: 5.2
Sulfolane: <0.0106
Total Organic Carbon: 6.01
Alkalinity: 314
Hardness as CaCOgs: 307
Sulfate: 31.9

Mw-127
Temp: 3.7
pH: 8

MW-131
Temp: 3.8
pH: 7.64

Dissolved O2: 0.29
Conductivity: 274.1
Manganese (ll): 0
Ferrous Iron: 1.48
Sulfolane: 0.0761
Total Organic Carbon: 3.18

Dissolved O2: 0.16
Conductivity: 279.4
Manganese (Il): 0
Ferrous Iron: 6.8
Sulfolane: 0.335
Total Organic Carbon: 4.38

Dissolved Oz: 0.13
Conductivity: 203
Manganese (ll): 0
Ferrous Iron: 3.3
Sulfolane: 0.138
Total Organic Carbon: 2.32

Dissolved O2: 0.15
Conductivity: 256.2
Manganese (Il): 0
Ferrous Iron: 0.17
Sulfolane: 0.0327
Total Organic Carbon: 2.19

E FHRA Property

Boundary

Feet

Alkalinity: 165 Alkalinity: 190 Alkalinity: 142 Alkalinity: 164
Hardness as CaCOzs: 180 Hardness as CaCOs: 190 Hardness as CaCOs: 162 Hardness as CaCOs: 179
Sulfate: 29.2 Sulfate: 17 Sulfate: 36.8 Sulfate: 35.9
Figure 115
4 Monitoring Well MONITORED NATURAL
Sulfolane Isopleth in pg/L ATTENUATION PARAMETERS
(Dashed where approximate) 0 1,000 2,000 4,000 SECOND QUARTER 2011

North Pole Refinery
Flint Hills Resources Alaska, LLC




MW-167B
Temp: 0.2
pH: 6.92

Dissolved Oz: 0.29
Conductivity: 548
Manganese (Il):

Ferrous Iron:

Sulfolane: 0.00575J

Total Organic Carbon: 6.28

MW-163A

Temp: 1.7

pH: 6.66
Dissolved Oz: 1.69
Conductivity: 236.5

Manganese (I1):
Ferrous lron:
Sulfolane: 0.0167
Total Organic Carbon: 3.84

MW-157

Temp: 1.8

pH: 7.21
Dissolved O2: 0.27
Conductivity: 263.7

Manganese (I1):
Ferrous Iron: 1.04
Sulfolane: 0.0822
Total Organic Carbon: 3.29

MW-171A
Temp: 2.5
pH: 6.75
Dissolved O2: 0.49
Conductivity: 348.5
Manganese (Il):
Ferrous Iron: 0.28
Sulfolane: <0.00660
Total Organic Carbon: 10.9

MW-164A
Temp: 1.2
pH: 6.64
Dissolved O2: 0.4
Conductivity: 403.8
Manganese (Il):
Ferrous Iron: 2.87
Sulfolane: 0.0607
Total Organic Carbon: 13.3

Alkalinity: 314
Hardness as CaCOs: 344
MW-167A Sulfate: 13.9
Temp: 0.2
pH: 6.8

Dissolved O2: 0.77
Conductivity: 591
Manganese (I1):
Ferrous Iron: 1.27

Sulfolane: <0.00682
Total Organic Carbon: 7.34
Alkalinity: 324
Hardness as CaCOs: 397
Sulfate: 21

Total Organic Carbon: 8.11

MW-156B
Temp: 0.3
pH: 7.21
Dissolved O2: 0.2
Conductivity: 213.8
Manganese (l1):
Ferrous Iron:
Sulfolane: 0.0651
Total Organic Carbon: 2.42
Alkalinity: 143
Hardness as CaCOs: 163
Sulfate: 35.7

Dissolved O2: 0.36
Conductivity: 584
Manganese (I1):
Ferrous Iron: 1.86
Sulfolane: 0.0331

Total Organic Carbon: 25.2
Alkalinity: 435
Hardness as CaCOs: 461
Sulfate: 34.4

Alkalinity: 209
Hardness as CaCOs: 210
Sulfate: 26.2
MW-158A
Temp: 3.7
pH: 6.51

MW-151A
Temp: 0.6
pH: 7.12

Dissolved Oz: 0.22
Conductivity: 232.3
Manganese (I1):

Ferrous Iron: 0.59
Sulfolane: 0.0946
Total Organic Carbon: 2.53
Alkalinity: 160
Hardness as CaCOgs: 179

MW-151B
Temp: 0.8
pH: 7.29
Dissolved Oz: 0.21
Conductivity: 219.3
Manganese (I1):
Ferrous Iron: 0.04

Alkalinity: 310
Hardness as CaCOs: 310
Sulfate: 22.8
MW-165A
Temp: 1.8
pH: 6.86
Dissolved O2: 0.47
- Conductivity: 211.6
Manganese (I1):
I~ Ferrous Iron: 0.23
Sulfolane: <0.0066
Total Organic Carbon: 3.91
Alkalinity: 152
Hardness as CaCOs: 176
Sulfate: 18.3
MW-161A
Temp: 0.3
pH: 7.1
Dissolved O2: 0.29
Conductivity: 323.3
Manganese (I1):
Ferrous lron: 2.1
Sulfolane: 0.179
Total Organic Carbon: 3.7
'IMe\CIn-éslzg Alkalinity: 226
R Hardness as CaCOs: 244
_ pH:7.15 Sulfate: 14.4
Dissolved O2: 1.13
Conductivity: 335.1
Manganese (Il):
Ferrous Iron: 1.94
Sulfolane: 0.0534
Total Organic Carbon: 8.05 MW-162B
Alkalinity: 203 Temp: 0.2
Hardness as CaCOs: 225 pH: 7.28
Sulfate: 32.4 Dissolved O2: 0.14
Conductivity: 228.6
Manganese (I1):
Ferrous Iron: 0.01 MW-156A
Sulfolane: 0.0806 Temp: 3
Total Organic Carbon: 2.54 pH: 7.13
Alkalinity: 154 Dissolved O2: 0.25
Hardness as CaCOs: 173 Conductivity: 329.3
Sulfate: 33.9 Manganese (Il):
Ferrous Iron: 2.01
Sulfolane: 0.0979

7;
20

MW-148A

Temp: 4.3

pH: 6.68
Dissolved O2: 0.27

MW-148B

Temp: 2.5

pH: 7.28
Dissolved O2: 0.18

Alkalinity: 176 Alkalinity: 191 Alkalinity: 276
Hardness as CaCOs: 191 Hardness as CaCOs: 224 Hardness as CaCOs: 289
Sulfate: 24.3 Sulfate: 32.8 Sulfate: 17.9
MW-171B
Temp: 0.5
pH: 7.18

1000
MW-143 MW-142
Temp: 4.5 Temp: 3.1
pH: 7.22 pH: 7.58

Dissolved O2: 1.39

Dissolved O2: 0.1

Dissolved O2: 0.21
Conductivity: 259
Manganese (Il):
Ferrous Iron: 0.01
Sulfolane: <0.00652
Total Organic Carbon: 3.76
Alkalinity: 177
Hardness as CaCOs: 200
Sulfate: 36.8

MW-159
Temp: 1.8
pH: 6.67
Dissolved O2: 0.46
Conductivity: 349.3
Manganese (I1):
Ferrous Iron: 0.19
Sulfolane: 0.0822
Total Organic Carbon: 4.8
Alkalinity: 242
Hardness as CaCOs: 284
Sulfate: 53.3

MW-152A
Temp: 3.9
pH: 7.26
Dissolved O2: 0.14
Conductivity: 258.7
Manganese (I1):
Ferrous Iron: 1.65
Sulfolane: 0.109
Total Organic Carbon: 3.33
Alkalinity: 170
Hardness as CaCOs: 199
Sulfate: 38.2

MW-152B
Temp: 2.5
pH: 7.34
Dissolved Oz: 0.13
Conductivity: 219.7
Manganese (I1):
Ferrous Iron: 0.01
Sulfolane: 0.113
Total Organic Carbon: 2.26
Alkalinity: 143
Hardness as CaCOs: 179
Sulfate: 40.6

AN

MW-170A
Temp: 5.1
pH: 6.67
Dissolved O2: 0.23
Conductivity: 423.6
Manganese (I1):
Ferrous Iron: 6.52
Sulfolane: <0.00620
Total Organic Carbon: 6.54
Alkalinity: 316
Hardness as CaCOgs: 329
Sulfate: 29.2

27

MW-131
Temp: 3.8
pH: 7.34
Dissolved O2: 0.1
Conductivity: 274.6
Manganese (I1):
Ferrous Iron: 0.09
Sulfolane: 0.0368
Total Organic Carbon: 2.24
Alkalinity: 164
Hardness as CaCOz: 202
Sulfate: 38.6

MW-127
Temp: 4.1
pH: 7.4
Dissolved O2: 0.16

Sulfolane Isopleth in pg/L
(Dashed where approximate)

D FHRA Property Boundary

0 1,000 2,000

Feet

4,000

Sulfate: 38
Sulfolane: 0.0623 Conductivity: 59.7 Conductivity: 65.2 Conductivity: 306.5 Conductivity: 283.6 Conductivity: 260.6
Total Organic Carbon: 2.24 Manganese (Il): Manganese (Il): Manganese (lI): Manganese (I): Manganese (I1):
Alkalinity: 147 Ferrous Iron: 2.44 Ferrous Iron: 0.04 Ferrous Iron: 0.18 Ferrous Iron: 6.633333 Ferrous Iron: 3.66
Hardness as CaCOs: 167 Sulfolane: 0.182 Sulfolane: 0.251 Sulfolane: 0.058 Sulfolane: 0.379 Sulfolane: 0.176
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4 Monitoring Well MONITORED NATURAL

ATTENUATION PARAMETERS
THIRD QUARTER 2011
North Pole Refinery
Flint Hills Resources Alaska, LLC
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MW-167B

Temp: 0.1

pH: 6.91
Dissolved Oz: 0.22
Conductivity: 507
Manganese (Il): 0

MW-168

Temp: 0.1

pH: 7.12
Dissolved Oz: 0.18
Conductivity: 234.4
Manganese (l1): 0
Ferrous Iron: 2.51
Sulfolane: 0.00859

Total Organic Carbon: 3.81

MW-163A

Temp: 2.6

pH: 6.84
Dissolved O2: 0.41
Conductivity: 247.5
Manganese (ll): 0
Ferrous Iron: 0.06
Sulfolane: 0.0392

Total Organic Carbon: 3.29

Sulfolane: 0.0632
Total Organic Carbon: 2.29

Conductivity: 339.8
Manganese (Il): 0

Conductivity: 265.9

MW-157

Temp: 3.1

pH: 7.19
Dissolved O2: 0.24
Conductivity: 296.9
Manganese (l): 0

Ferrous Iron: 1

Sulfolane: 0.0931

Conductivity: 339.8

Ferrous Iron: 0.65 Alkalinity: 153 Alkalinity: 173 Total Organic Carbon: 3.41
MW-167A Sulfolane: 0.00735 Hardness as CaCOs: 176 Hardness as CaCOs: 195 Alkalinity: 187
Temp: 0.9 Total Organic Carbon: 5.16 Sulfate: 22.2 Sulfate: 30.5 Hardness as CaCOs: 227
pH: 6.87 Alkalinity: 305 Sulfate: 32.6
Dissolved O2: 0.65 Hardness as CaCOgs: 337 MW-171A
Conductivity: 559 Sulfate: 17.1 Temp: 4.2
Manganese (II): 0 H:6.78
MW-164A Ferrous Iron: 1.61 Dissolved Oz 0.29
Temp: 2.4 Sulfolane: 0.00325 Conductivity: 360.9
_ PH:6.96 Total Organic Carbon: 5.87 Manganese (Il): 0
Dissolved Oz 0.2 Alkalinity: 313 Ferrous lron:
Conductivity: 284.8 Hardness as CaCOs: 406 Sulfolane: 0.0062
Manganese (ll): 0 Sulfate: 28.5 Total Organic Carbon: 10.7
Ferrous Iron: 1.53 A Alkalinity: 271
Sulfolane: 0.106 B H .
. . > ardness as CaCOs: 293
Total Organic Carbon: 5.71 03 Sulfate: 16.5
Alkalinity: 207 [s%
Hardness as CaCOs: 235 © MW-171B
Sulfate: 24.3 Temp: 0.4
pH: 7
Dissolved O2: 0.24
MW'1_65A Conductivity: 248.5
TeI—T% 294 Manganese (Il): 0
Dissoﬁ’ve'd o 071 Ferrous Iron: 4.86
it 9. 2 Sulfolane: 0.00652
Conductivity: 219.1 7z h ’
< Total Organic Carbon: 3.35
Manganese (II): 0 2. Alkalinity: 172
Ferrous Iron: 0.23 QO/ v: .
Sulfolane: 0.0062 7 Hardness as CaCOs: 200
} Sulfate: 35.9
Total Organic Carbon: 3.99
Alkalinity: 144
Hardness as CaCOs: 168
Sulfate: 18.5
MW-161A MW-159
Temp: 1.3 Temp: 5.1
pH: 7.07 pH: 6.61
Dissolved O2: 0.3 Dissolved Oz: 1.91
Conductivity: 363.5 Conductivity: 402.5
Manganese (Il): 0 Manganese (Il): 0
Ferrous Iron: 2.73 Ferrous Iron:
Sulfolane: 0.138 Sulfolane: 0.027
qgvnszegfg Total Organic Carbon: 3.44 Total Organic Carbon: 5.29
pH: 7.18 Alkalinity: 256 Alkalinity: 258
Dissolved Oy: 0.27 Hardness as CaCOs: 262 Hardness as CaCOs: 221
Conductivity: 338.1 Sulfate: 12.2 Sulfate: 221
Manganese (I): 0
Ferrous Iron: 2.57 MW'1.52A
Sulfolane: 0.063 TN Temp: 6.2
Total Organic Carbon: 7.94 ~PH: 7'23_
Alkalinity: 216 MW—1'6ZB D|sso|ve_d_0_g. 0.12
Hardness as CaCOs: 225 Temp: 0.3 Conductivity: 268.8
Sulfate: 28.3 ) pH: 7.3 Manganese (I1): 0
Dissolved O2: 0.18 Ferrous Iron: 1.58
Conductivity: 217.8 Sulfolane: 0.119
Manganese (Il): 0 2 Total Organic Carbon: 2.5
Ferrous Iron: %%} Alkalinity: 146
Sulfolane: 0.0854 Hardness as CaCOgs: 180
Total Organic Carbon: 2.26 5 Sulfate: 38.3
Alkalinity: 152 o N
Hardness as CaCOs: 176 MW-152B
Sulfate: 33.8 N Temp: 2.9
= pH: 7.33
MW-156A Dissolve_d_Oz: 0.16
Temp: 4.1 Conductivity: 236.9
pH: 7.13 % 0 Manganese '(II). 0
Dissolved Oz: 0.17 Ferrous Iron: 1.02
Conductivity: 418.3 Sulfolane: 0.114
Manganese (Il): 0 Total Organic Carbon: 2.15
Ferrous Iron: 1.52 N Alkalinity: 141
Sulfolane: 0.104 A Hardness as CaCOgs: 182 \
Total Organic Carbon: 10.1 Sulfate: 39
Alkalinity: 237
Hardness as CaCOs: 260 MW-170A
Sulfate: 22.6 Temp: 6.9
‘ pH: 6.64
MW-1568 % Dissolved Oz: 0.16
Temp: 0.4 / Conductivity: 481.2
pH: 7.43 Manganese (Il): 0
Dissolved O2: 0.2 / Ferrous Iron: 7.2
Conductivity: 209.9 Sulfolane: 0.0062
Manganese (I): 0 MW-158A Total Organic Carbon: 8.47
Ferrous Iron: 0.1 Temp: 4.6 v Alkalinity: 318
Sulfolane: 0.055 pH: 6.47 Hardness as CaCOs: 336
Total Organic Carbon: 1.82 Dissolved O2: 0.19 Sulfate: 26.6
Alkalinity: 139 Conductivity: 534
Hardness as CaCOs: 163 Manganese (Il): 0 MW-131
Sulfate: 34.8 Ferrous Iron: 5.4 2 Temp: 4.7
Sulfolane: 0.0137 ) . PHI705
Total Organic Carbon: 34.4 Q Dissolved O2: 0.19
Alkalinity: 368 Conductivity: 269.8
Hardness as CaCOs: 412 Manganese (I1): 0
Sulfate: 17 Ferrous Iron: 0.24
Sulfolane: 0.0373
Total Organic Carbon: 2.21
Alkalinity: 167
%\ﬁvn;%? Hardness as CaCOs: 196
R Sulfate: 37
pH: 7.16
Dissolved O2: 0.11
Conductivity: 286.7
Manganese (ll): 0 ';_A::]lsi%
Ferrous Iron: 0.63 H'p7'4.2
Sulfolane: 0.106 Dissorl)véd O 019 . -
Total Organic Carbon: 2.92 Comductivite: 248 ¥W'1_4 4’;3\ MW-148B MW-143 MW-142 MW-127
Alkalinity: 170 Vian anesey'(”)_ 0 EEP-%- Temp: 2.9 Temp: 4.6 Temp: 4.8 Temp: 5.8
Hardness as CaCOs: 179 E 9 Iron: 1 '03 RO . pH: 7.32 pH: 6.94 pH: 7.36 pH: 7.29
Sulfate: 35.6 errous fron: . Dissolved Oq: 0.22 Dissolved Oz: 0.15 Dissolved Oz: 1.18

Dissolved O2: 0.15
Conductivity: 306.3

Dissolved O2: 0.13
Conductivity: 307.7

Sulfolane Isopleth in pg/L
(Dashed where approximate)

Feet

L . Manganese (Il): 0 Manganese (Il): 0 Manganese (Il): 0 Manganese (l1): 0
! dnAlkalallmt(};ei:Ag 200 Fser'l'?Ll‘S Irgrg). 55198 Ferrous Iron: 3.7 Ferrous Iron: 0.11 Ferrous Iron: 6.366667 Ferrous Iron: 1.88
ar esss” tS 36 43' | utiolane: bl . Sulfolane: 0.284 Sulfolane: 0.0564 Sulfolane: 0.489 Sulfolane: 0.141
uftate: 5. Tota Or?kar:_m_ C.ar on: 15.4 Total Organic Carbon: 3.3| |Total Organic Carbon: 3.16 | [Total Organic Carbon: 4.5| |Total Organic Carbon: 3.08
Hard A a'“”(V:- %:35‘ e Alkalinity: 160 Alkalinity: 185 Alkalinity: 195 Alkalinity: 160
ar ness”as . atbs Hardness as CaCOs: 193 Hardness as CaCOgs: 211 Hardness as CaCOs: 190 Hardness as CaCOs: 187
Sulfate: 18.1 Sulfate: 32.5 Sulfate: 28.1 Sulfate: 12.4 Sulfate: 30.3
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% Monitoring Wel MONITORED NATURAL
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North Pole Refinery
Flint Hills Resources Alaska, LLC




PCA 3 (10.9%)

Figure 118

Principal Component Plot - Transect 1

North Pole Refinery
Flint Hills Resources Alaska, LLC
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Figure 119
Principal Component Plot - Transect 2
North Pole Refinery
Flint Hills Resources Alaska, LLC
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Figure 120
Discriminant Analysis Plot
MNA Parametersand Mann Kendall Trends
North Pole Refinery
Flint Hills Resources Alaska, LLC
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Figure 121
TOTAL PLFA BIOMASS IN WELL MW-130
North Pole Refinery
Flint Hills Resources Alaska, LLC
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Percentage of the Total Bacterial Community
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Figure 122

COMMUNITY COMPOSITION IN WELL MW-130

North Pole Refinery

Flint Hills Resources Alaska, LLC
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Figure 123

North Pole Refinery
Flint Hills Resources Alaska, LLC
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Figure 124

LOADING RATE OF SULFOLANE ONTO BIO-SEP BEADS

North Pole Refinery
Flint Hills Resources Alaska, LLC

Concentration 1 (250 mg/L)

mg/L = milligrams per liter

Concentration 2 (1,000 mg/L)
Sulfolane Concentration in Water Phase
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Figure 125
COMPARISON OF SULFOLANE EXTRACTION TECHNIQUE FOR BIO-SEP BEADS
North Pole Refinery
Flint Hills Resources Alaska, LLC
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Figure 126
Sulfolane Leaching Study Results
North Pole Refinery
Flint Hills Resources Alaska, LLC
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Isotopic Composition (§'3Carbon) of Sulfolane (%.)
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Figure 127

Isotopic Composition (§'3Carbon) of Sulfolane vs. Distance Downgradient

North Pole Refinery
Flint Hills Resources Alaska, LLC

@ Isotopic Composition of Sulfolane Sample | |
y = 0.3017In(x) - 32.56
R2 = 0.5364 ¢ -293
B //
—
-
-30.4 -~
.~ ¢ -304
- ® 307
100 1,000 10,000

Distance Downgradient from South Property Boundary (feet)

100,000




Isotopic Composition (§'3Carbon) of Sulfolane (%.)

-28.0 ~

-28.5

Figure 128

Isotopic Composition (5'3Carbon) of Sulfolane vs. Sulfolane Concentration

North Pole Refinery
Flint Hills Resources Alaska, LLC
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Figure 129

SUPRA- AND SUBPERMAFROST GEOCHEMISTRY COMPARISON — AREA 1

North Pole Refinery
Flint Hills Resources Alaska, LLC
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Figure 130A
SUPRA- AND SUBPERMAFROST GEOCHEMISTRY COMPARISON — AREA 2
North Pole Refinery
Flint Hills Resources Alaska, LLC
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Figure 130B
SUPRA- AND SUBPERMAFROST GEOCHEMISTRY COMPARISON — AREA 2
North Pole Refinery
Flint Hills Resources Alaska, LLC
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Figure 131A
SUPRA- AND SUBPERMAFROST GEOCHEMISTRY COMPARISON — AREA 3
North Pole Refinery
Flint Hills Resources Alaska, LLC
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Figure 131B
SUPRA- AND SUBPERMAFROST GEOCHEMISTRY COMPARISON — AREA 3
North Pole Refinery
Flint Hills Resources Alaska, LLC
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Figure 132A
SUPRA- AND SUBPERMAFROST GEOCHEMISTRY COMPARISON - AREA 4
North Pole Refinery
Flint Hills Resources Alaska, LLC
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Figure 132B
SUPRA- AND SUBPERMAFROST GEOCHEMISTRY COMPARISON — AREA 4
North Pole Refinery
Flint Hills Resources Alaska, LLC
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Figure 133
SUPRA- AND SUBPERMAFROST GEOCHEMISTRY COMPARISON — AREA 5
North Pole Refinery
Flint Hills Resources Alaska, LLC
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Sulfolane Concentration (mg/L)
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Figure 142
MONITORING WELL ANALYTICAL DATA-MW-127
North Pole Refinery
Flint Hills Resources Alaska, LLC
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Sulfolane Concentration (mg/L)

Figure 143

MONITORING WELL ANALYTICAL DATA-MW-131
North Pole Refinery

Flint Hills Resources Alaska, LLC
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Sulfolane Concentration (mg/L)
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Figure 144
MONITORING WELL ANALYTICAL DATA-MW-139
North Pole Refinery
Flint Hills Resources Alaska, LLC
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Sulfolane Concentration (mg/L)

Figure 145

MONITORING WELL ANALYTICAL DATA-MW-142

Flint Hills Resources Alaska, LLC

North Pole Refinery
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Sulfolane Concentration (mg/L)

Figure 146
MONITORING WELL ANALYTICAL DATA-MW-143
North Pole Refinery

Flint Hills Resources Alaska, LLC
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PROCESS FLOW DIAGRAM
GROUNDWATER CAPTURE
AND TREATMENT SYSTEM
North Pole Refinery
Flint Hills Resources Alaska, LLC
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POINT-OF-ENTRY TREATMENT SYSTEM
IN-HOME TESTING LOCATIONS
North Pole Refinery
Flint Hills Resources Alaska, LLC
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Figure 149

POINT-OF-ENTRY TREATMENT SYSTEM

IN-HOME TESTING RAW WATER
North Pole Refinery
Flint Hills Resources Alaska, LLC
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