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Overview

ontaminants in the




Major Contaminants in the oil industry

Produce Water (Brine) Petroleum Hydrocarbons
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Field Screening
Methods

Produced Water

» Electrical Conductivity
o Chlorides

Petroleum
Hydrocarbons

* Organic Vapors

1lerracon



1lerracon

Electrical
Conductivity (EC)

o EC meter equipped with
stainless steel probe

 Measures a material’s ability
to conduct an electric current

* Microsiemens per centimeter
(MS/cm)
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Chlorides

 QuanTab® titration test strips

 Measures the chloride content
from a solution

» Milligrams per liter (mg/L)
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Chlorides - Experiment
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Chlorides - Experiment
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Chart Title

Initial 3-day




Organic Vapors

 Photoionization detector
(PID) meter

 Measures organic vapors
(isobutylene equivalents)

o Parts per million (ppm)
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Limited Site Investigation

» Screen grid-like pattern at the
surface

e Advance soil borings to help
determine vertical and horizontal
extent

* Install temporary groundwater
monitoring wells if groundwater
IS encountered

. * Screen soil and groundwater for
EC, chlorides, and organic
vapors
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Limited Site Investigation

1lerracon

Electrical Conductivity

Field screened with an EC meter

Analyzed in laboratory for electrical conductivity

Legend

Electrical Conductivity
Surface
© 0-1,000 uS/cm

O 1,000 - 2,000 uS/cm
@® > 2,000 uS/cm

1 foot
@ 0- 1,000 uS/cm

O 1,000 - 2,000 uS/cm

@ > 2,000 uS/icm
2 feet
‘ 0 - 2,000 uS/cm

O 2,000 - 4,000 uS/cm

. > 4,000 uS/cm

. 0-2,000 uS/cm

O 2,000 - 4,000 uS/cm

. > 4,000 uS/cm




Limited Site Investigation
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Chlorides
Field screened with chloride test strips

Analyzed in laboratory for chloride content

Chlorides
Surface

| <100 mg/L
B > 100mgn

1 foot

- > 100 mg/L

2 feet

. > 100 mg/L




Limited Site Investigation

LEGEND
PID Reading

PID < 100 ppm
& 0-2 feet

PID > 100 ppm

& 24 teet

PID = photoionization detector
ppm = parts per million

Depths are in feet below grade surface

Organic Vapors

Field screened with a PID meter

Analyzed in laboratory for total petroleum hydrocarbons — GRO, DRO & ORO




Limited Site Investigation
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Collecting groundwater sample from temboary
groundwater monitoring well.

Drilling soil boring to collect soil samples and
install temporary groundwater monitoring well.

Tlerracon Split-spoon soil sampling — scoria, shale cutting, and
petroleum hydrocarbons.



Limited Site Investigation
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Boring logs with field screening results. Boring B-4 was completed for
background results and B-5 was within the historical pit.
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Limited Site Investigation

g |LocaTion: INSTALLATION | - |g2|¥ 3 _
O |Lalitude: £6.857662° Largitude: -103533685° DETAILS = '-L-'E = £ B | F
I z |z%u| ¥ | 2 |k
E BlsglE| B |2 |e
=] 3% § o o
. DEFTH _ _
T - gray g8 110 | <t
SILTY CLAY (CL-ML), brownish-gray Temporary NEN —
well s 70 | <1
850 | <1
180 | <t
500 | <1
5_
830 | =1
1,380| <1
1 WELL GRADED SAND WITH SILT (SW i i (1 2010) <t
e | A -SM), fine grained, brownish-gray, : |
1 | i 2 _Jze] Soil boring B-5 (within the pit).

Soil boring B-4 (background). po— INSTALLATION

Lalitude: 46 857126° Longitude: -103.538021"

OBSERVATIONS

SAMPLE TYPE

Chioridos (mg'l)
EC (uSiom)
PID {ppm)

DEPTH (Ft)
WATER LEVEL

DEFTH

SILTY CLAY (CL-WL), brownish gray RIS 1,930| <1

Tempaorary IR —
Well L 1,148 [5,140| <i

3,250 <1

3,180 =1

4,600 =1

3480 <1

4,980 <1

5730 <1

“lao 1,708 (7.770| <1

njas WELL GRADED SAND (SW), fine grained, brownish aray t 5.420| <1

100 No recovery 18

, fine grained, brownish gray to gray, layers of - 6,360 | <1

WELL GRADED SAND {SW).
silty clay from 10" to 13, small lense of sand and gravel with scoria at 19° I
- 4,181 [19.370 <1
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Limited Site Investigation
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was screened up to 2 feet in from sidewall.

Laboratory results at the surface of the sidewall.
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Limited Site Investigation

Regulatory levels for soll
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Limited Site Investigation

North Dakota Regulatory Guidance’

High Electrical Conductivity®

North Dakota Industrial Commission®
_

EPA Region 9 Residential RSLs"
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Information from North Dakota Department of Health:
Guidelines for the Assessment and Cleanup of Saltwater
Releases (September, 2016).

/ Agriculture Natural Resource Conservation

Information from the United States Department of

Services Soil Survey Handbook.

Information from North Dakota Industrial Commission: A
Guide for Remediation of Salt/Hydrocarbon Impacted Soil.

EPA Region 9 Regional Screening Levels (RSLs) June, 2015
- Residential and Industrial Soil Screening Levels in mg/kg.




Limited Site Investigation

North Dakota Regulatory Guidance®

EPA Region 9 Residential RSLs?
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Information from North Dakota Department of Health:
Guidelines for the Assessment and Cleanup of Saltwater
Releases (September, 2016).

EPA Region 9 Regional Screening Levels (RSLs) June, 2015
Tap water Screening Level in ug/l.




Limited Site Investigation

. L = : At s &
Field screening results up to 2 feet Laboratory results up to 1 foot bgs. Approximate area of impact
bgs. anticipated from field and lab results.
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Corrective Action

Remediation/Excavation
 Extent of contamination will be determined in the field

« Contaminated material should be loaded directly in trucks for disposal or
Stock piled on polyethylene sheeting P —

“» Final field screening & lab samples shoulc

{'z
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Remediation/Excavation

The area of interest outlined by flags.
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Remediation/Excavation

Benched excavation of the NE sidewall. View NE at the site. Excavation of contaminated material.
— -—— L_ad

Contaminated soil being loaded for disposal. Contaminated material being StOCkpiled on Covered Stockp”e of contaminated material.
polyethylene sheeting.
Tlerracon



Remediation/Excavation

Soil
Sample 1D Loeation hbemtties PID [ppen) Depth (feet b
[mgt)
Lab Samples
1.5 Contaminated material from stockpile 641 FEIR ] Stockpile
110 Contaminated materad from stockpile 301 <1 Stockpile

Laboratory analytical data from stockpiled material.

1lerracon

Sampling of the backfill prior
to being placed in excavated
area for quality control.



Remediation/Excavation

Continuous field screening
during excavation.
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Remediation/Excavation

Excavation and flags outlining AOI. View NE at the excavated area. View at the material surrounding the well.

View east at excavated area and final View at the excavation of the historical pit.
Tlerracon  sampling points (flags).



Reediation/ Excavation
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up to 20 feet bgs. Laboratory results (after excavation). Map showing depth of excavation.
Tlerracon



Reclamation

Backfilling with clay material and placing rip-rap along excavated area.
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Reclamation

'Il'erracon Placement of straw matting after backfilling and seeding were completed.



Reclamation

A study was completed to analyze what prevalent
species of plants were growing at this specific site.
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Case Studies

Site Assessments

o Site NW of Belfield, ND: Historical Pit
 Site NE of Keen, ND: Historical Pit
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Site NW of Belfield, ND
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Site NW of Belfield, ND — Site Assessment

NW corner of site (secondary washout area).

Oily core sample.

'Il'erracon Coal seam (NE corner of site). Chloride test from samples collected.



Site NW of Belfield,

ND — Site Assessment
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Site map and boring locations.
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Boring logs with field screening results. Boring MW-5 was completed for

background results and MW-4 was within the historical pit.



Site NW of Belfield, ND — Site Assessment

LOCATION
Latitude: 46.996528" Longitude:

8
2
% -103.336219"

i ___MATERAL DESCRIPTION
WELL GRADED SAND (SW). fine grained, brown, no odor, dry

fine grained, brown to
reddish-brown, no odor, moist

Surface Elev.. 2630 (FL)|

ELEVATION(FL)

D LAY . fine grained, dark gray to
black, strong odor, wet, Free product observed

. fine grained, brown to reddish-brown, weak
odor, moist Black staining oresent

INSTALLATION DETAILS | ] W g> 0
g EQ C a QE— W
= 4950 EE 65| 23
& |5E|7|28(6ge| &2
Well Completion 3 <§ 5 o Eg" z
w
=g @ o
[ Tenporary
Monitoring Well \\ II
\): <1 | 2080 | 2398
/
\
- / \
=7 | 1970
5 367 | 5470
527 | 940
371 | 16,740 | 6526
n 133 | 12,980

SO|I boring MW-4 (within historical pit).
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Soil boring MW-5 (background).

LOCATION

|

9 |Latitude: 46.957044" Longiude:
g -103.337425"
L)

MATERIAL DESCRIPTION

FTH
2 s TOPSOIL
- WELL GRADED SAND (SW). medium grained, brown, no odor, maist

INSTALLATION DETAILS Eg w E‘E @
E |ge|F|e-|22| 85
T y | w |E E EoS g:‘
E (%5 |$5|638| o8
Wedl Completion A z=| %
Surface Elew.- 2628 (FL)| = g % w o
ELEVATION [FL.)
2628 5 \
\ 1/
Clogged

et

2624

WELL GRADED SAND WITH CLAY (SW-SC). fine grained, brown, ro
odar, moist
with calcareous nodules

2623

Possible coal seam
Possible coal seam
Possible coal seam

TEMpar ey
Monitzring Well
=i | 620
<] THT
5 <{ | 6310
- <{ | B80S0
. <1 | 8870
g — =1 | 6130




Site NW of Belfield, ND - CAP

Field screening results up to 2 feet bgs. Laboratory results at the surface. Approximate area of impact'-
anticipated from field and lab results.
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Site NE of Keen, ND

Soiwron Carl HEAL, Detomme, TomTom, Ireerves, inawmers P Cors, OGBCO, 250 %, FAD, Wis
E101 Cnre Iy Keng
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Site NE of Keen, ND — Site Assessment

"

View south at the historical brine pit. View south at grid pattern. Chloride testing in the field.

Field screening soil with EC meter.

Soil staining from boring 4. View at stressed vegetation SE of the
o 6 Dit.
'Irerracon historical brine pi



Site NE of Keen, ND — Site Assessment

BORING LOG NO. 3-8H1 F— BORING LOG NO. 1-BHS F—
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Boring logs with field screening results. Boring 3-BH1 was completed for
background results and 3-BH5 was within the historical pit.
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Site NE of Keen, ND — Site Assessment

! w -
LOGATION: INSTALLATION | — |gZ|&| _ 3
- E
Latitude: 48.04803" Longiude: -102.84818° DETAILS "__T:“r o E 2 H E
e |BE|l2| S | § |2
w o |E g 5 |g
a g% g 5 o
DEFTH
TOPSOIL, brown, with some organics 170 <1
LEAN CLAY (CL), brown, medium stiff 40 =1
o SILT (ML}, light brown, medium dense | &60 =1
SANDY SILT (ML). light brown, medium dense, with thin lenses of sand 1 1.110 <1
1,750 1.1
: LEAN CLAY (CL), light brown, medium stiff, with lenses and laminations of 5] 9 480 <1
[Lie.0  eilt, moist — :
| | SILT (ML), brown, medium dense, with lenses and layers of clay, moist 1,930 <1
Soil boring 3-BH1 (background).
Soil boring 3-BH5 (within the historical pit).
g | LocATION: INSTALLATION | — g%’ v I
2 . ) DETAILS £ |g2|e| E 2
= Latiude: 48.04886" Longiude. -102 84662 E [:§ H “;‘L -i— E
Wi | & = -4 =
= 5 a
: 8 1583z| ¢ |2 |®
__|DEPTH
.&,,Q1 . TOPSOIL, trace gravel, brown, with staining 5,780 3.9
SILT (ML), trace gravel, brown, medium dense, with lensas and layers of clay ] 13,600 |3.777| 56
and trace organics ]
thin layer of scoria at 2' 11,400 26
14,730 3.2
15,060 2.5
salt precipitates at 5' ] 12,140 1.2
11,220 2.2
Tlerracon nml =




Site NE of Keen, ND - CAP

1lerracon

0B DN SRR, B o, 0,00, 00 e &5 @w 0
R0 S 0% 9 090, 91083 9 0,09 09 a0

0-27,

O

€ 80 88 €9 mowdae €7 80 €9 %WJCKE (21) emow an WO e@.w @O@O%M €2 e oD _em em

O @ a
29 00063 L) as_mow e @ waagwew GW‘GB G@MOGB P am

421 (124} 427
: R @ E@. om om0 a8 LEGEND
8 & @Q@ 2 e mmeﬂ e & wan'e@emwow etaw_we@&a (622 8520

8 ductivi
epiege %oﬁgo%w szm_em :m::al Conductivity

%000 3 G 03 oo 00 o0 D oF GB 0B CH_CE oD 0000 00 ed o e 6oy ®  0-1,000uSkm
0B - R I W W w90 V.50 %0 %D #D %P 9D w0 70, oa 1.000-2,000 Skcm

®  >2000pSicm
eemeaeses@saaeomwwwww‘e@@mwe@wwwww%%mwaeee&a@w 1 foot
o . ° [+] - @ e, O ® 0-1.000 pSiem
@.60 ea:?eaceap_\ w-w.ee mgm?j.w.w S0 oP eb o® emoace (520 emow 62 6B 0B 0T 0D 0D 6D < 1,000-2,000 uSiem
Lic] oS00 O OF 0O O EE 6 GO £ 65 00 o BO CD B B B D [R5 GF B ©m B @ 2000 pSiom

%) m@ [ ) O% . v E) % . 2 feet

0o m_m o« W a@_m m.me 9 G009 R P B0 GO A5 OF B0 wmwmwwwwm @ o-2000u80m
B B) B2 ® B B9 B &Y B0 B BOENER !t}? 12.17] w@mmmmwmmww {3 20004000 pSicn
. ‘BE) UE% % O @ > 4.000us0m
£9 0 €9 ¥ €9 €I B ®F €O ©D mmmm%@%m%mw\%%wwwmmwwwww Chlorides

mmmmwmmmmmmmmay}m%n%mm%mmmmmmwwmwwwm =

B <10omer
@a@a@3@e@mmqwm@m%mma%@%ﬂg?é%w%wmmmwwwwmw .>wUrr-a~L
LD g {612 15-20 LOCATION MAP
. l:) m& Nourth Uzkass MeKanzia County
"% '

PTODED

B OO GO
O D
~B0 D0 TH 0D

G0 KD D FED

O

Fmid
Screening Map
= NDIC Site #3

. L G Bk mah
5563%. Google Earth. "
S

ot T

Field screening results up to 2 feet bgs.



Site NE of Keen, ND - CAP
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LEGEND
Electrical Conductivity
Surface
@ 0- 1,000 umhosfcm
1,000 - 2.000 umbos/cm
®  >2,000 umhosicm
Chlorides
1 foot
B <250moxg

B > 2s0moxg

LOCATION MAP

McKarze Coanty

“ | Exee | Lab Resuss

ap
NDIC Site £3

Laboratory results at the surface and 1 foot bgs.



Site NE of Keen, ND - CAP
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Site SW of Antler, ND
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Petroleum hydrocarbons at surface from historical piping that leaked.

T YRTE or T ——
'. 4 d -t

»

Petroleum hydrocarbon stained soil. Approximate area of impact marked by flags.

Approximate area of impact from site
assessment (visual).
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Site SW of Antler, ND — Site Assessment

ATk

View NW at the excavation area. Layer of impacted soil near surface. Petroleum hydrocarbon layer.

Locating extent of two-inch piping using Exposed two-inch piping. Loose material removed during excavation.
electrical current.
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Site SW of Antler, ND

Soil excavation and backfilling.

1lerracon

Impacted material being removed and
loaded on side-dump for disposal.

Completion of backfill and topsoil placed
within the excavated area.

Site Diagram showing excavated area and
the piping that was removed.



Site SW of Antler, ND - CAP

Field screening map.
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