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1.0 Introduction

This semi-annual groundwater monitoring report was prepared by Apex Companies, LLC (Apex) on behalf of
NuStar Terminals Services, Inc. (NuStar) for the NuStar Vancouver Facility (Facility) in Vancouver,
Washington (Figure 1). This report presents the results of the groundwater monitoring activities completed at
the Facility during the third and fourth quarters of 2017. Additionally, the report includes a summary and
evaluation of interim action monitoring data for the reporting period.

The Facility is located at the Port of Vancouver (POV) Terminal No. 2 in Vancouver, Washington (Figure 1).
The Facility Site Plan is shown on Figure 2. The property address is 2565 NW Harborside Drive, Port of
Vancouver, Vancouver, Washington 98660 (Latitude: N45° 38.26", Longitude: W122° 42.20"). The property is
owned by the POV and leased by NuStar. Until 2006, NuStar consisted of a roughly rectangular area with
nominal dimensions of 600 by 1,300 feet. In 2006, the leasehold was expanded to include additional area to
the north (see Figure 2). The total area is approximately 19 acres, which includes the leasehold extent up to
2006, and the additional leased area after 2006. The NuStar facility is on the north shore of the Columbia
River. Land on all other sides is industrial property also owned by the POV. The NuStar facility is located on
Clark County Tax Lot Nos.: 151979-000, 502010-002, 502010-000, and a portion of 502020-000, as well as
a portion of the Washington Department of Natural Resources tideland area managed by the POV.

2.0 Groundwater Monitoring Field Activities

The groundwater monitoring was performed in accordance with the Groundwater Monitoring Plan (GWMP;
Ash Creek, 2008), which was approved by the Washington State Department of Ecology (Ecology) in a letter
to NuStar dated July 30, 2009. The monitoring program for the third and fourth quarters of 2017 is summarized
in Table 1.

Two monitoring events were conducted during this period: the third quarter 2017 groundwater monitoring
event was conducted from September 25 through 29, 2017 and the fourth quarter 2017 event was conducted
from November 6 through 10, 2017.

2.1 Water Level Measurements

Third quarter 2017 groundwater levels were measured on September 25, 2017 and fourth quarter 2017
groundwater levels were measured on November 6, 2017. Monitoring well locations are shown on Figure 2.
Depth to groundwater and groundwater elevation data are summarized in Table 2. The wells are screened in
three different groundwater zones: Shallow, Intermediate, and Deep. The depth to groundwater was
measured at Facility monitoring wells, multi-level groundwater monitoring (MGMS) wells, and selected off-site
wells (MW-14, MW-17, MW-23i, MW-25i, MW-26, MW-30i, MW-31i (fourth quarter only), MW-F, MW-G, S-1,
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and S-2). Well MW-31i was inaccessible during the September 25, 2017 gauging event and was gauged the
following day on September 26, 2017.

2.2 Monitoring Well Sampling and Analysis

The sampling and analysis program for third and fourth quarter 2017 is summarized in Table 1. Groundwater
monitoring data sheets for the sampling events are included in Appendix A. For quality assurance/quality
control (QA/QC), field blanks and equipment blanks were prepared, and sample duplicates were collected
from wells MGMS3-40, MW-7, MW-12, and MW-19 during third and fourth quarter 2017.

For both sampling events, the samples were uniquely labeled, stored in insulated coolers with ice, and
transported under chain-of-custody protocol to Pace Analytical Laboratory (Pace) in Davis, California
laboratory analysis. Samples were analyzed for halogenated volatile organic compounds (HVOCs) by U.S.
Environmental Protection Agency (EPA) Method 8260B. Groundwater analytical results for both events are
shown in Table 3. Historical data are tabulated in Appendix B.

The terminal currently handles and distributes bulk fertilizer products, primarily urea but also mono-ammonium
phosphate. Urea cannot be measured directing in water but can be measured in groundwater by analysis of
ammonia, nitrate, and nitrite. During the fourth quarter 2017 monitoring event, site monitoring wells were also
sampled for nitrate as nitrogen and nitrite as nitrogen by EPA Method 300.0 and ammonia as nitrogen by EPA
Method 350.1. Samples were submitted to ALS Group USA, Corp. of Kelso, Washington, using
chain-of-custody protocols, for laboratory analysis.

3.0 Groundwater Elevations

Groundwater elevations and estimated elevation contours for the Shallow and Intermediate Zone wells for the
third quarter 2017 are shown on Figures 3 and 4, respectively. Groundwater elevations and estimated
elevation contours for the Shallow and Intermediate Zone wells for the fourth quarter 2017 are shown on
Figures 5 and 6, respectively.

3.1 Third Quarter 2017

Shallow Zone. On September 25, 2017, depth-to-groundwater measurements were made at Shallow Zone
monitoring wells in accordance with the groundwater monitoring plan provided in Table 1. The observed
depths to groundwater in these wells ranged from 26.52 to 33.42 feet below the ground surface (bgs), and
the corresponding groundwater elevations in these wells ranged from 1.92 to 6.91 feet above mean sea level
(MSL; Figure 3).
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During the third quarter 2017 monitoring event, gauging of the Shallow Zone wells was completed between
9:03 am and 12:00 p.m. (except for the Shallow Zone ports of the multi-port wells). During the time interval
in which Shallow Zone monitoring wells were gauged, the water level in the adjacent Columbia River
decreased by 0.58 feet. River stage data were obtained from the nearest National Oceanographic and
Atmospheric Administration (NOAA) tide station (Columbia River — Vancouver), which is located
approximately 0.5 mile upstream of the Facility.

As shown in Table 2, groundwater elevations decreased about ten feet on average from June 2017 to
September 2017. During the third quarter 2017 gauging event, groundwater elevations in the Shallow Zone
were variable, with groundwater highs in the northwest and southeastern corners of the terminal, near wells
MW-10 and MW-6, respectively. Between wells MW-10 and MW-6 there is a groundwater divide; to the
south/southwest of the divide groundwater flow is to the river; and to the north/northeast of the divide,
groundwater flow is away from the river to the east/northeast. From the groundwater high at well MW-10,
groundwater flow was to the southwest and east at gradients of 0.008 ft/ft and 0.003 ft/ft, respectively. From
the groundwater high at well MW-6, groundwater flow was to the northeast and southwest at gradients of
0.007 ft/ft and 0.0025 ft/ft, respectively. There is also an isolated groundwater high around well MW-15 that
is inconsistent with the divide that trends from the northwest to the southeast across the facility.

Intermediate Zone. On September 25, 2017, depth-to-groundwater measurements were made at
Intermediate Zone monitoring wells in accordance with the groundwater monitoring plan provided in Table 1.
The building housing MW-31i was locked on September 25, 2017; therefore, depth-to-groundwater
measurements from this well were recorded on September 26, 2017. Groundwater levels in Intermediate
Zone wells were measured collectively during a predicted tidal inflection to minimize the magnitude of tidal
influence on water levels during the gauging event. Water levels were collected from Intermediate Zone wells
within 78 minutes on September 25, 2017 (between 2:42 p.m. and 4:10 p.m.). During the time interval in
which Intermediate Zone wells were gauged, water levels in the adjacent Columbia River decreased by
0.48 feet.

During the September 25, 2017 water level measurements, the observed depths to groundwater in the
Intermediate Zone wells ranged from 26.36 to 31.03 feet bgs, and groundwater elevations in these wells
ranged from 2.67 to 3.56 feet above MSL (Figure 4). Similar to the Shallow Zone, groundwater elevations in
the Intermediate Zone decreased approximately 10 feet from June 2017 to December 2017 (Table 2). During
the September 25, 2017 gauging event, groundwater flow was towards the south with a generally flat gradient
of approximately 0.0005 ft/ft.

Deep Zone. Depth to groundwater was measured in well MW-24d, which is screened from 210 to 230 feet
bgs, within the Troutdale Formation. Depth to water in well MW-24d was 29.80 feet bgs, corresponding to an
elevation of 4.11 feet above MSL. A groundwater potentiometric map was not prepared for Deep Zone
groundwater.
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3.2 Fourth Quarter 2017

Shallow Zone. On November 6, 2017, depth-to-groundwater measurements were made at Shallow Zone
monitoring wells in accordance with the groundwater monitoring plan provided in Table 1. The observed
depths to groundwater in these wells ranged from 25.70 to 33.34 feet bgs, with groundwater elevations ranging
from 3.81 to 6.34 feet above MSL (Figure 5).

During the fourth quarter 2017 monitoring event gauging of the Shallow Zone wells was completed between
1:48 p.m. and 3:57 p.m., except for well MW-E, which was gauged at 8:51 a.m. During the gauging activities,
the water level in the adjacent Columbia River increased by 0.70 feet.

Groundwater elevations were typically one to two feet higher during the November gauging event than during
the September 2017 event. A northwest to southeast trending groundwater divide was observed across the
property, with groundwater flow to the northeast on the northern side of the divide and toward the river on the
southern side of the divide, as shown on Figure 5. Groundwater elevations were highest in the northwest and
eastern corners of the terminal at MW-10 and MW-15. At the northwestern corner of the facility groundwater
flow was to the southwest and northeast at gradients of 0.003 ft/ft and 0.002 ft/ft, respectively. The
groundwater flow at well MW-15 was to the northeast and southwest at gradients of 0.003 ft/ft and 0.01 ft/ft,
respectively. Water levels along the majority of the shoreline were slightly elevated, resulting in a groundwater
stagnation zone through the central portion of the Facility, as shown on Figure 5.

Intermediate Zone. During the November 6, 2017 gauging event, depth-to-groundwater measurements were
collected from Intermediate Zone wells between 1:37 p.m. and 3:53 p.m. This was inconsistent with historical
monitoring events in which Intermediate Zone wells were typically gauged within a shorter timeframe. During
the November 2017 gauging event, water levels in the adjacent Columbia River increased by 0.66 feet. The
observed depths to groundwater in Intermediate Zone wells ranged from 26.72 to 29.34 feet bgs, and
groundwater elevations in these wells ranged from 1.99 to 5.41 feet above MSL (Figure 6). Intermediate Zone
groundwater was generally flat during the November gauging event with a slight gradient to the east/southeast
of 0.0004 ft/ft. Gradients in the Intermediate Zone are typically very slight and trend to the east/northeast.
Given that the gauging event occurred over a 2.5-hour time period, it is likely that the “snapshot” of water
levels presented on the groundwater potentiometric map (Figure 6) are more representative of an averaging
of tidal fluctuations superimposed over groundwater flow rather than solely representative of groundwater
flow.

Deep Zone. Depth to water in Deep Zone well MW-24d was 28.80 feet bgs, corresponding to an elevation of
4.11 feet above MSL.
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4.0 Groundwater Sample Analytical Results

Complete copies of the laboratory reports for the third and fourth quarter 2017 groundwater monitoring events,
including the quality assurance evaluation report and chain-of-custody documentation, are included in
Appendix C.

4.1 Third Quarter 2017

The September 2017 monitoring program included the collection of groundwater samples from the wells listed
in the first column of Table 1. The sample results for HYOCs for third quarter 2017 are summarized in Table
3 and select VOCs are shown on Figure 7.

4.2 Fourth Quarter 2017

The November 2017 monitoring program included the collection of groundwater samples from the wells listed
in the second column of Table 1. These wells were analyzed for nitrate as nitrogen, nitrite as nitrogen, and
ammonia as nitrogen in addition to HYOCs. The sample results for fourth quarter 2017 are summarized in
Tables 3 and 11; select VOCs are shown on Figure 8, and nitrate and ammonia results are shown on Figure 9.

4.3 Evaluation of Results

VOC concentration trend plots for each monitoring well are provided in Appendix D. Monitoring results
demonstrate decreasing VOC concentration trends in Shallow and Intermediate Zone groundwater in 31 of
33 monitoring wells. VOC concentration trends were slightly increasing for TCE in wells MW-17 and
MGMS3-132 and PCE in well MGMS3-132. The concentrations in both wells have always been variable and
relatively low (i.e. PCE ranging from 1 microgram per liter [g/L] to 13 pg/L for MGMS3-132 and TCE ranging
from 0.8 pg/L to 22.7 pg/L for MW-17) and it is difficult to identify a discernable concentration trend for the
wells. Monitoring wells in the source area exhibit concentration decreases of over 99% for tetrachloroethene
(PCE) and trichloroethene (TCE) since initiating interim actions in 2008. VOCs in monitoring wells on the
periphery or outside of the source area also reflect historical decreasing trends.

Ammonia, nitrate and nitrite results are provided in Table 11 as a baseline for future quarterly groundwater
monitoring. The highest concentration of ammonia and nitrate results were found in the north/northwestern
area of the property both in Shallow and Intermediate Zone groundwater. Isopleths depicting nitrate and
ammonia concentrations in Shallow and Intermediate Zone groundwater are shown on Figures 10 through 13.

Fertilizer products have historically been stored at the terminal, although the specific products and storage
areas have changed over time. Historical operations ceased in late August 2008. The facility obtained a few
contract in 2014 and resumed fertilizer handling and distribution processes. Historical nitrate results are
provided in Table 11. For wells in which historical data are available, the concentrations of nitrate and
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ammonia in November 2017 are generally similar to (within an order of magnitude) or less than historical
results.

5.0 Interim Action Measure Activities

Several interim actions have been implemented at the Facility, including:

o Bioremediation injections for remediation of Facility groundwater and the installation of a soil vapor
extraction (SVE) system for the remediation of VOCs in vadose-zone soils in the spring/summer of
2008. These activities are herein referred to as the 2008 interim action.

e Expanding the SVE system and performing additional bioremediation injections during the summer
of 2011, which is referred to herein as the 2011 interim action. The 2011 interim action included
17 additional SVE well locations (involving shallow and deeper SVE well pairs at each location) for
a total of 34 wells and additional bioremediation injections in and around the 2008 interim action area
(shown on Figure 14). Details of the 2008 and 2011 interim actions are provided in the Interim Action
Installation Report (Ash Creek, 2009b) and the 2011 Interim Action Evaluation Report (Ash Creek,
2012), respectively.

¢ Additional bioremediation injections adjacent to the riverbank at the Facility in accordance with the
2015 Interim Action Work Plan (Apex, 2016). This work is referred to as the 2016 interim action and
an Interim Action Summary Report (Apex, 2017) describes the scope and preliminary results.

These interim actions and results to date are described in the following subsections.

5.1 Summary of 2008 and 2011 Interim Actions

The 2008 interim action consisted of SVE in the vadose zone and enhanced anaerobic bioremediation of the
Shallow Zone groundwater. The 2008 enhanced bioremediation locations and the SVE system layout are
provided in Appendix E. The 2008 SVE system removed approximately 3,150 pounds of VOCs between
startup in September 2008 and the expansion in 2011. The mass removal rate at startup in 2008 was
58.8 pounds per day (Ibs/day) and had decreased to an average of 1.7 Ibs/day by the third quarter of 2011.
Historical monitoring tables and a mass removal chart are provided in Appendix E.

A soil and groundwater investigation in 2010 indicated that the 2008 interim action had reduced VOCs in
vadose-zone soils by 90 percent for PCE and 98 percent for TCE, and had reduced total molar ethene
concentrations in source area groundwater by 77 percent (Ash Creek, 2011). The investigation results were
summarized in an appendix to the 2011 Interim Action Work Plan (Work Plan; Ash Creek, 2011) that was
submitted to Ecology on March 25, 2011. The Work Plan included a proposal for the expansion of the SVE
system to include 17 additional SVE well locations, additional bioremediation injections in the 2008 interim
action area, and bioremediation injections in an expanded interim action area. On May 23, 2011, Ecology
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approved the Work Plan. The bioinjection activities were conducted from July 21 through August 31, 2011,
and the SVE installation activities were conducted from August 2 through 5, 2011 and August 29 through
October 3, 2011. The 2008 and 2011 bioremediation injection locations are shown on Figure 14.

The initial Facility SVE system installed in 2008, herein referred to as the 2008 SVE system, was comprised
of 17 wells, divided among five branches, which were connected by a network of underground piping as shown
on drawings provided in Appendix E. As part of the 2011 SVE system expansion, Branches 4 and 5 were
disconnected from the other System branches and were connected to a new blower unit located approximately
150 feet to the northeast of the railroad tracks (Figure 16). The wells and piping associated with Branches 4
and 5 and the associated blower unit are herein referred to as the “North System”.

From August 2 through 5, 2011, 17 additional SVE well pairs (for a total of 34 additional SVE wells) were
installed within and to the south of Warehouse No. 13 (a.k.a. the Butler building), in general accordance with
the 2011 Interim Action Work Plan (Ash Creek, 2011; Figure 16). For each well pair, one well is screened in
vadose-zone soils from 10 to 15 feet bgs and the second well is screened in vadose-zone soils from 15 to
25 feet bgs. These 17 well pairs, along with the Branch 1 through 3 wells from the 2008 SVE system, are
piped underground to a blower unit located outside of the southeast corner of Warehouse No. 13. These SVE
wells, associated underground piping, and the blower unit are herein referred to as the “South System”.
Effluent from the South System is treated with a series of two carbon vessels prior to discharge. Monitoring
of the North and South Systems occurs on a monthly basis as described in Section 5.3.2.

5.2 Summary of 2016 Interim Action

NuStar and the Port of Vancouver originally submitted a joint Feasibility Study (FS) to Ecology in March 2014
(Apex and Parametrix, 2014). The FS approval process is ongoing. To avoid potential delays in groundwater
treatment while working through the FS and the associated regulatory approval process, NuStar proposed to
implement a portion of the recommended remedial action for the NuStar source area as an interim action.
The details of the proposed interim action were submitted to Ecology in an Interim Action Work Plan on
September 15, 2015. After a 30-day public comment period from May 12 to June 10, 2016, the work plan
was approved on June 14, 2016. The interim action consisted of bioremediation injections along the southern
portion of the NuStar terminal near the seawall. Per Ecology’s request, the interim action also included
baseline sediment and surface water sampling in the Columbia River. Additionally, enhanced bioremediation
injections were implemented in an isolated area to the northwest of the NuStar terminal which has been less
responsive to monitored natural attenuation than the VOCs at the NuStar terminal. The “NW Area
bioremediation injections” were completed as a joint project between NuStar and the Port of Vancouver.

The NW Area injections were implemented in July 2016 and included the injection of 52,000 gallons of
bioremediation oil substrate (EosPro; diluted with water) into the shallow zone groundwater through
30 boreholes in the vicinity of and between (NuStar) monitoring wells MW-14 and MW-26. Figure 15 illustrates
the approximate boring locations in the “NW Area”. The same substrate material was injected at the NuStar
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terminal in August and September 2016 and included the injection of 100,000 gallons of EosPro substrate
(diluted with water) into 72 borings along the southern portion of the NuStar facility, adjacent to the seawall.
Figure 15 identifies the approximate locations of the injection borings near the NuStar seawall. In accordance
with the approved Interim Action Work Plan, a summary of the groundwater injection and surface/water
sampling activities was provided to Ecology in an Interim Action Summary Report on June 29, 2017 (Apex,
2017). The report included the results of the baseline surface water and sediment sampling as well as the
results of two quarters of post interim action groundwater monitoring. A brief evaluation of the groundwater
monitoring results from the interim action area is summarized in Section 5.4 below.

5.3 Interim Action Monitoring and Evaluation
5.3.1 Enhanced Bioremediation Injections

Groundwater samples collected from wells MW-7, MP-1, EX, MW-12, MW-24i, MGMS2-40, MW-13, MW-14,
MW-19, MW-26, MGMS1-43 and MGMS3-40 during the third quarter 2017 monitoring event, and from wells
MW-7, MP-1, MW-12, MW-24i, MGMS2-40, MW-13, MW-14, MW-19, MW-26, MGMS1-43 and MGMS3-40
during the fourth quarter 2017 event were analyzed for total organic carbon (TOC) by EPA Method 5310 D
and ethene by EPA Method RSK-175M, to evaluate the performance of the bioremediation injections. TOC
and ethene analyses were performed by Pace Analytical.

In addition to the laboratory analysis of groundwater samples, field measurements of oxidation-reduction
potential (ORP) and dissolved oxygen (DO) were collected from the monitoring wells during the third and
fourth quarter 2017 monitoring events. Table 4 shows the results of interim action groundwater monitoring
from the February 2007 baseline event through the fourth quarter 2017 monitoring event. Wells MW-24i and
MGMS2-40 were not located within the 2008 interim action injection area but are located within the footprint
of the 2011 and 2016 interim action areas; therefore, interim action monitoring data for these wells are only
presented from the second quarter 2011 baseline event through fourth quarter 2017. Wells MW-13, MW-14,
MW-19, MW-26, MGMS-1, and MGMS-3 were not located within the 2008 or 2011 interim action areas, but
are within the 2016 interim action area; therefore, monitoring data for those wells are only presented from
September 2016 through November 2017.

A discussion of reductive dechlorination of VOCs in groundwater from prior to the 2008 interim action through
fourth quarter 2017 is provided below.

5.3.1.1 VOC Concentrations Evaluation

Bioremediation injections in the primary source area at the Facility were initiated in 2008 and expanded in
2011; bioremediation injections along the riverbank and in the NW Area were initiated in 2016. Additionally,
seven injection boreholes were advanced in 2016 in the area of wells MP-1 and EX, located on the western
side of the historical primary source area. VOC concentrations are generally decreasing at the Facility and
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rebound is not occurring in the area of the 2008/2011 interim action. VOC concentrations are also decreasing
in the 2016 interim action area. The following paragraphs evaluate the results to date in each of these areas.

Primary Source Area. Concentration trend plots for PCE, TCE, total dichloroethene (DCE), and vinyl chloride
(VC) in 2008/2011 interim action area wells MW-7, EX, MP-1, and MGMS2-40 are provided in Appendix F.
VOC data are included from the baseline event prior to the 2008 interim action (first quarter 2007; second
quarter 2007 for well MGMS2-40) through November 2017. The concentration of PCE and TCE has
decreased in each well, with observed reductions through November 2017 exceeding 97 percent in wells
MW-7, EX, and MP-1. The concentrations of PCE and TCE in well MP-1 have decreased by about 80% since
enhanced bioremediation injections were initiated. It should be noted that well MW-7 is not in the 2016 interim
action area; however, the groundwater concentrations in well MW-7 have decreased dramatically since the
2008 interim action and, to date, there is no indication of concentrations rebounding.

Another indicator of effective reduction of chlorinated ethenes is a decrease in the total molar chloroethene
concentration (the molar concentration of PCE, TCE, DCE, and VC combined). The use of total molar
concentrations allows an assessment of changes in the total number of related contaminant molecules as the
reductive dechlorination process transitions from the relatively heavy PCE to the progressively lighter TCE,
DCE, and VC. Molar concentration trend plots for wells MW-7, EX, MP-1, and MGMS2-40 are provided in
Appendix F. Between the February 2007 baseline event and the November 2017 monitoring event, the
decrease in total molar concentration in the interim action monitoring wells MP-1, MW-7, EX and MGMS2-40
ranged from 83 percent in well MP-1 to 99 percent in wells EX and MW-7.

Riverbank Area. Wells MW-12, MW-13, MW-19, MGMS1-43, and MGMS3-40 are located within the 2016
riverbank interim action area and concentration trend plots for PCE, TCE, DCE, and VC in these wells are
provided in Appendix F. As shown on the trend plots, monitoring results from the 2016 interim action area
indicate reductions in concentrations of PCE and TCE of three orders of magnitude in groundwater from wells
MW-12, MW-13, and MGMS3-40 after the 2016 enhanced bioremediation injections. For example,
concentrations of PCE and TCE in well MW-13 in June 2016, prior to the injection event, were 2,470 and
1,820 pgl/L, respectively. By November 2017, PCE and TCE concentrations in well MW-13 had been reduced
to below reporting limits (<4.2 pg/L, respectively). Recent data through November 2017 suggest that DCE
concentrations are also decreasing, along with PCE and TCE, in wells MW-12 and MGMS3-40. Wells with
increasing DCE concentrations include MW-13 and MW-19, which are still undergoing reductive
dechlorination of PCE and TCE. In addition, the September and November 2017 vinyl chloride concentrations
in well MW-19 were the highest measured since monitoring of the well was initiated in 2002. Ethene
concentrations have also increased in well MW-19, indicating that reductive dechlorination is occurring
through the vinyl chloride stage to the final end stage of ethene generation and that the chlorinated
hydrocarbons are successfully being destroyed. Additional discussion of ethene production is provided in the
sections below. Future quarterly monitoring will be utilized to further evaluate these concentration trends,
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both in the Shallow Zone source area as well as outside of the source area treatment zone and in Intermediate
Zone groundwater.

Northwest Area. Wells MW-14 and MW-26 are located within the 2016 NW Area interim action area and
concentration trend plots for PCE, TCE, DCE, and VC in these wells are provided in Appendix F. Response
to the 2016 interim action injections has been delayed in these wells, likely due to the typically flat or
north/northwest groundwater gradient slowing the spread of the oil substrate. Initial signs of reductive
dechlorination are now present in MW-14 and MW-26, with DCE trends now increasing since the 2016
enhanced bioremediation injections. While PCE and TCE concentrations have been stable in well MW-14
since the 2016 enhanced bioremediation injections, well MW-26 has shown reductions of up to 65 percent
and 44 percent of PCE and TCE, respectively. Continued quarterly groundwater monitoring will be conducted
to further evaluate concentration trends.

5.3.1.2 Ethene Evaluation

Ethene is an end product of the reductive dechlorination process. The detection of ethene confirms the
completion of the reductive dechlorination pathway and the destruction of the target VOCs at the Facility.
Ethene degrades quickly in most natural environments and observing increases in ethene concentration can
be difficult. As of the November 2017 monitoring event, ethene has been measured in eight of the ten 2016
interim action area monitoring wells (MW-12, MW-13, MW-19, MGMS1-43, MGMS2-40, MGMS3-40, EX, and
MP-1). Further discussion of ethene results are provided below.

Primary Source Area. While the focus of the 2016 interim actions was not located in the area historically
identified as the “primary source area”, there was some overlap between the 2008/2011 interim action injection
areas and the 2016 interim action injection area, namely in the vicinity of wells MP-1 and EX. Concentrations
of ethene in well MP-1 reached a maximum of 328 pg/L in March 2017, decreased to 83.2 ug/L in June 2017,
and then decreased further to below reporting limits in September and November 2017. These data suggest
that the 2016 bioremediation substrate injected near well MP-1 may be diminished. Ethene samples were
not collected from well EX during the September and December 2016 monitoring events; however, ethene
has been detected in well EX since the analysis was resumed in March 2017. Monitoring well MGMS2-40 is
located near, but outside of, the 2016 interim action injection area, and within the footprint of the 2011 interim
action injection area. Ethene concentrations in well MGMS2-40 increased in response to the 2011 injections
and have remained elevated and relatively stable through November 2017. The presence of ethene, along
with continuous decreases in PCE and TCE, indicate that reductive dechlorination has been ongoing near
this well since the 2011 injections.

Since approximately three years after the 2011 injections, ethene has not been detected in groundwater in
well MW-7. The lack of ethene in well MW-7, coupled with VOC data at or near reporting limits, suggest that
there is little residual chlorinated hydrocarbon mass in what was historically the most impacted portion of the
primary source area.
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Riverbank Area. Prior to the 2016 interim action injections, ethene was not present in groundwater in wells
located in the interim action area, including MW-12, MW-13, MW-19, and MGMS3-40. Since the completion
of the 2016 interim action injections, ethene has been detected in all four interim action area wells. The
presence of ethene suggests that the 2016 injections have successfully resulted in the complete degradation
of chlorinated hydrocarbon mass.

Ethene concentrations in well MW-12 increased from non-detect prior to the 2016 interim action to 75.2 pg/L
in March 2017 and remained elevated between March 2017 and September 2017. Concentrations of ethene
in well MW-12 tapered off to below the reporting limit (less than 10.0 pg/L) by November 2017. From June
2016 through November 2017, PCE and TCE concentrations in well MW-12 have continued to decrease
suggesting that reductive dechlorination is ongoing near this well. PCE and TCE concentrations in MW-13
have decreased significantly between September 2016 and November 2017 (from 5,090 pg/L and 951 ug/L,
respectively, to below the reporting limit of 4.2 pg/L), but it was not until November 2017 that ethene was
detected in the well. Ethene was first detected in well MW-19 during the September 2017 monitoring event
and was detected again during November 2017. As previously stated, vinyl chloride data for well MW-19
were the highest in September and November 2017 compared to the historical results observed in this well
since monitoring began in 2002. Collectively, these data confirm that reductive dechlorination is occurring
and that chlorinated VOC mass is being completely degraded in the process. Future monitoring will be used
to determine if PCE and TCE concentration reductions are measurable in response to the bioremediation
injections.

Northwest Area. Ethene concentrations in wells MW-14 and MW-26 have not been detected above the
10 ug/L reporting limit since ethene monitoring was initiated in September 2016. End stages of the reductive
dechlorination process are difficult to identify in this area and may be due to limited mass in the preceding VC
reduction stage. Reductions in concentrations of PCE and TCE, namely in well MW-26, were not observed
until the September and November 2017 monitoring events. These recent data suggest that reductive
dechlorination of chlorinated hydrocarbons is occurring in the northwest area, but the complete degradation
of these ethenes has not yet been quantified.

5.3.1.3 Total Organic Carbon Evaluation

The presence of elevated TOC indicates that the bioremediation injections have increased the electron donor
carbon source needed to reductively dechlorinate the VOCs present in groundwater at the Facility. While a
baseline monitoring event was not intentionally conducted prior to the 2016 injection event, data are available
for wells MP-1 and MW-12 for the event prior to the injections (June 2016) and the two events concurrent with
and following the injections (September and December 2016). TOC was further analyzed between March
and November 2017 at select wells. A discussion of the TOC results is provided below.
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Primary Source Area. Seven bioremediation injections were located near well MP-1 during the 2016 interim
action. Inwell MP-1, TOC values increased by over three orders of magnitude between June and September
2016, with concentrations remaining elevated during the December 2016 event. During the March 2017 event,
the TOC value remained stable; however, TOC values then decreased in June 2017 by an order of magnitude
and further decreased in September 2017 by another order of magnitude before remaining stable in November
2017. At well EX, the TOC concentration increased by two orders of magnitude following the 2016 interim
action injections and then decreased an order of magnitude during the June 2017 event with a slight increase
in September 2017. These results indicate utilization of the oil substrate in the dechlorination of VOCs,
supporting the significant decreases in VOC concentrations observed following the 2016 bioremediation
injections in this area.

Riverbank Area. In groundwater collected from well MW-12, TOC values increased by over 3 orders of
magnitude between June and September 2016, with concentrations remaining elevated during the December
2016 monitoring event. Between December 2016 and March 2017, the TOC concentration in well MW-12
decreased by an order of magnitude and then remained stable through November 2017. At well MW-13, TOC
concentrations were high during the September 2016 sampling event, and then decreased by three orders of
magnitude by the November 2017 event. At well MW-19, TOC values are low and stable, and one to two
orders of magnitude below concentrations observed in wells MP-1 and MW-12. At well MGMS3-40, TOC
concentrations increased during the September and December 2016 groundwater monitoring events, and
then decreased by an order of magnitude during the March 2017 event and has remained stable through
November 2017. Concentrations of PCE and TCE are also decreasing at this location. The TOC
concentration in groundwater collected from well MGMS1-43 has remained stable from September 2016
through November 2017 even though concentration of PCE and TCE have decreased since the 2016
enhanced bioremediation injections.

NW Area. In wells MW-14 and MW-26, TOC concentrations did not increase after the September 2016
injections. TOC levels in these wells remain low and stable.

Summary of Enhanced Bioremediation Results Following the 2016 Interim Action. The 2016
groundwater interim action was implemented in July through September 2016 and included over 72
bioremediation injections across the NuStar source area and 30 bioremediation injections at the off-site
Northwest Area. Since implementation, groundwater in the 2016 interim action area has been monitored for
five quarters for indicators of reductive dechlorination. The results from the third and fourth quarter 2017
events provide an indication that enhanced reductive dechlorination is occurring at the Facility in response to
the interim action, as follows:

e Observed trends in breakdown product concentrations are consistent with reductive dechlorination
of chlorinated ethene compounds

o Upto three orders of magnitude reduction of PCE and TCE concentrations in the 2016 interim action
area have been observed between the September 2016 and November 2017 monitoring events.
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o For the first time since the 2016 injections, PCE and TCE concentrations in Northwest Area well
MW-26 have decreased, with concentration reductions of 65 and 44 percent, respectively.

e DCE and VC concentrations generally increased or stayed approximately the same in these wells,
supporting that dechlorination of PCE and TCE is occurring and has led to an anticipated short-term
increase in the daughter product concentrations in the wells within the treatment zone.

o After the 2016 injections, ethene was first detected in four interim action monitoring wells in
March 2017. By November 2017, ethene was present in five interim action monitoring wells. The
presence of ethene indicates that the chlorinated hydrocarbon mass is successfully being reduced
to the final stage in the dechlorination process.

e Total molar ethene concentrations from wells located within the 2016 treatment area have also
decreased, indicating that VOC mass is being significantly reduced.

5.3.2 SVE Monitoring Evaluation

The following paragraphs summarize the monitoring and analytical results as well as the total VOC mass
removal for the North and South SVE Systems at the Facility. Field vapor measurements were collected with
a photoionization detector (PID). Effluent vapor samples from the SVE systems were collected into Summa™
canisters and submitted to TestAmerica Laboratories (Test America) in West Sacramento, California, for
analysis of VOCs by method TO-15.

Monthly SVE monitoring events occurred on July 31, August 28, September 25, October 26, November 29,
and December 21 during this reporting period. North SVE System operating and analytical data are provided
in Tables 5 and 6, respectively. South SVE System operating and analytical data are provided in Tables 7
and 8, respectively.

The North SVE System has been non-operational since May 2017 due to the blower motor failing. The rotor
is locked and blown fuses were noted on two of the three legs. A replacement blower is required to return the
North SVE system to operation. The terminal is planning modifications to the rail alignment at the Facility to
accommodate modifications to one of its storage areas; part of the planned work will require the abandonment
and potential relocation of several of the SVE wells in the North system. As of December 2017, the
modifications to the terminal infrastructure have not been initiated and the North SVE system remains
non-operational.

SVE System Mass Removal. The approximate VOC mass removed by the North and South SVE Systems
through November 2017 is presented in Tables 9 and 10 and on Figures 17 and 18, respectively. The South
SVE System was sampled in December 2017 but the Pre-Carbon sampling canister malfunctioned and could
not be used to collect a sample. Mass removal during this time period is estimated using effluent data from
the November 2017 sampling event.
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The North and South Systems have removed approximately 232 and 3,530 pounds of VOCs, respectively,
since startup in October 2011. Including the mass removed from the 2008 SVE System, the total mass
removal by SVE at the Facility to date is approximately 6,912 pounds.

6.0 Future Activities

Quarterly groundwater monitoring for the first and second quarters of 2018 will be conducted in March and
June, respectively. The proposed sampling will be completed in accordance with the GWMP (Ash Creek,
2008). SVE operations and maintenance will occur monthly in accordance with the schedule proposed in the
2011 Interim Action Evaluation Report (Ash Creek, 2012) at the South SVE system only until the North SVE
system is repaired.

As discussed in the February 2018 joint NuStar, Port of Vancouver and Ecology meeting, the sampling of site
wells for nitrate, nitrite, and ammonia will continue on a quarterly basis; the results from the November 2017
event are considered recent “baseline” results. The nitrate and ammonia results, along with a description of
current and historical products handled at the facility, as well as the timing and implementation of any “best
management” practices for handling such products, will ultimately be summarized in either an addendum or
revision to the Final 2013 Remedial Investigation Report (Apex, 2013). However, prior to the preparation of
the addendum to the RI, a work plan will be prepared and submitted to Ecology summarizing plans for any
data collection that will be incorporated into the addendum/Revised RI. Additional information about bulk
product handling and storage is currently being collected. The information will be used to inform the draft work
plan for nitrate, nitrite and ammonia investigation that will be submitted to Ecology during second quarter
2018.
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Table 1

Groundwater Monitoring Plan: Third and Fourth Quarters 2017

NusStar Vancouver Facility
Vancouver, Washington

Monitoring Program

Well ID

Groundwater Zone

Included Monitoring Wells

Third Quarter Fourth Quarter

Groundwater monitoring includes
depth-to-water measurement.

MW-1
MW-2
MW-3
MW-5
MW-6
MW-7
MW-8
MW-9
MW-10
MW-12
MW-13
MW-14
MW-15
MW-16
MW-17
MW-18i
MW-19
MW-19i
MW-20i
MW-21i-40
MW-21i-105
MW-22i
MW-23i
MW-24i
MW-24d
MW-25i
MW-26
MW-30i
MW-31i
MW-32s
MW-32i
MGMS1-3(43)
MGMS1-2 (60)
MGMS1-1(110)
MGMS2-4(40)
MGMS2-3 (60)
MGMS2-2(110)
MGMS2-1(132)
MGMS3-4(40)

Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Shallow
Intermediate
Shallow
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Intermediate
Deep
Intermediate
Shallow
Intermediate
Intermediate
Shallow
Intermediate
Shallow
Intermediate
Lower Intermediate
Shallow
Intermediate
Lower Intermediate
Lower Intermediate
Shallow

NEHMHMOMNMNENHOONMEEEHMENMNNMNOEHNMHEHIHENNNEOEMENMNEE I
NN EEEEHNHHHONOEEOENEEEEEENEEENEEEEEE BE

Please refer to notes at end of table.
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Table 1

Groundwater Monitoring Plan: Third and Fourth Quarters 2017

NusStar Vancouver Facility
Vancouver, Washington

Monitoring Program

Well ID

Groundwater Zone

Included Monitoring Wells

Third Quarter Fourth Quarter
Groundwater monitoring includes MGMS3-3(60) Intermediate
depth-to-water measurement. MGMS3-2(101) | Lower Intermediate
MGMS3-1(132) | Lower Intermediate
MW-E Shallow ] ]
MW-F Shallow ] ]
MW-G Shallow O O
EW-1 Shallow
EX Shallow [
MP-1 Shallow
MP-2 Shallow O O
MP-3 Shallow [ [
MP-4 Shallow ] L
S-1 Intermediate
S-2 Shallow

Notes:

1. = Included in sampling program represented in this report.
2. [J =Notincluded in sampling program represented in this report: water level measurement only.
3. Wells MW-E, MW-G, MW-30i, MW-31i, and MW-32i are sampled by the Port of Vancouver.
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Table 2

Groundwater Elevation Data: 2017
NuStar Vancouver Facility

Vancouver, Washington

Well Number/ Date of Depth to Water Gglé\r;gélivs;er
(TOC Elevation) Measurement (feet BTOC)

(feet)

Groundwater Monitoring Wells
MW-1 03/27/17 14.17 18.43
(32.60) 06/12/17 17.79 14.81
09/25/17 28.36 4.24
11/06/17 27.14 5.46
MW-2 03/27/17 16.04 18.00
(34.04) 06/12/17 19.38 14.66
09/25/17 29.89 4.15
11/06/17 28.80 5.24
MW-3 03/27/17 16.77 17.64
(34.42) 06/12/17 19.18 15.23
09/25/17 29.48 4.93
11/06/17 29.04 5.37
MW-5 03/27/17 16.94 16.92
(33.86) 06/12/17 18.54 15.32
09/25/17 28.83 5.03
11/06/17 28.62 5.24
MW-6 03/27/17 15.10 17.73
(32.83) 06/12/17 17.79 15.04
09/25/17 27.66 5.17
11/06/17 27.08 5.75
MW-7 03/27/17 16.93 16.81
(33.74) 06/12/17 18.36 15.38
09/25/17 28.60 5.14
11/06/17 28.61 5.13
MW-8 03/27/17 17.60 16.37
(33.97) 06/12/17 18.74 15.23
09/25/17 28.01 5.96
11/06/17 28.01 5.96
MW-9 03/27/17 17.25 16.61
(33.86) 06/12/17 18.53 15.33
09/25/17 28.68 5.18
11/06/17 28.75 5.11
MW-10 03/27/17 19.44 15.39
(34.83) 06/12/17 19.51 15.32
09/25/17 27.92 6.91
11/06/17 28.49 6.34

Please refer to notes at end of table.
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Table 2

Groundwater Elevation Data: 2017
NuStar Vancouver Facility
Vancouver, Washington

Well Number/ Date of Depth to Water Gglé\r;gélivs;er
(TOC Elevation) Measurement (feet BTOC)

(feet)

MW-12 03/27/17 13.05 18.38
(31.43) 06/12/17 16.55 14.88
09/25/17 26.98 4.45

11/06/17 25.76 5.67

MW-13 03/27117 14.99 18.16
(33.15) 06/12/17 17.80 15.35
09/25/17 26.52 6.63

11/06/17 27.92 523

MW-14 03/27/17 17.14 16.67
(33.81) 06/12/17 18.51 15.30
09/25/17 28.65 5.16

11/06/17 28.77 5.04

MW-15 03/27/17 22.50 16.63
(39.13) 06/12/17 24.08 15.05
09/25/17 33.42 571

11/06/17 33.34 5.79

MW-16 03/27/17 14.95 18.10
(33.05) 06/12/17 18.60 14.45
09/25/17 28.67 4.38

11/06/17 27.76 5.29

MW-17 03/27/17 14.72 17.93
(32.65) 06/12/17 17.60 15.05
09/25/17 27.91 4.74

11/06/17 27.38 5.27

MW-18i 03/27/17 14.98 18.42
(33.40) 06/12/17 19.15 14.25
09/25/17 29.84 3.56

11/06/17 28.24 5.16

MW-19 03/27/17 15.98 1761
(33.59) 06/12/17 18.42 15.17
09/25/17 28.63 4.96

11/06/17 28.37 5.22

MW-19i 03/127/17 15.20 18.42
(33.62) 06/12/17 19.42 14.20
09/25/17 30.39 3.23

11/06/17 28.54 5.08

Please refer to notes at end of table.
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Table 2

Groundwater Elevation Data: 2017
NuStar Vancouver Facility
Vancouver, Washington

Well Number/ Date of Depth to Water GrEolundv_vater
(TOC Elevation) Measurement (feet BTOC) evation

(feet)
MW-20i 03/27/17 14.77 18.37
(33.14) 06/12/17 18.97 14.17
09/25/17 30.05 3.09
11/06/17 28.04 5.10
MW21i-40 03127/17 15.75 18.35
(34.10) 06/12/17 19.96 14.14
09/25/17 30.74 3.36
11/06/17 28.93 5.17
MW-21i-105 03/27/17 15.64 18.35
(33.99) 06/12/17 19.77 14.22
09/25/17 30.57 3.42
11/06/17 28.81 5.18
MW-22i 03/27/17 16.01 18.38
(34.39) 06/12/17 20.19 14.20
09/25/17 31.00 3.39
11/06/17 29.21 5.18
MW-23i 03/27/17 15.35 18.45
(33.80) 06/12/17 19.60 14.20
09/25/17 30.56 3.24
11/06/17 28.44 5.36
MW-24i 03/27/17 14.98 18.49
(33.47) 06/12/17 19.26 14.21
09/25/17 30.23 3.24
11/06/17 28.28 5.19
MW-25i 03/27/17 15.22 18.36
(33.58) 06/12/17 19.40 14.18
09/25/17 30.30 3.28
11/06/17 28.28 5.30
MW-26 03/27/17 17.76 15.97
(33.73) 06/12/17 18.40 15.33
09/25/17 28.53 5.20
11/06/17 28.72 5.01
MW-24d 03/27/17 15.53 18.38
(33.91) 06/12/17 19.45 14.46
09/25/17 29.80 411
11/06/17 28.80 5.11

Please refer to notes at end of table.

Semi-Annual Groundwater Monitoring Report
July through December 2017

1126-20

Page 3 of 6



Table 2

Groundwater Elevation Data: 2017
NuStar Vancouver Facility
Vancouver, Washington

Well Number/ Date of Depth to Water GrEolundv_vater
(TOC Elevation) Measurement (feet BTOC) evation
(feet)
EW-1 03/27/17 12.64 18.76
(31.40) 06/12/17 16.83 14.57
09/25/17 27.05 4.35
11/06/17 25.70 5.70
Secor Interim Action Pilot Study Wells
S-1 03/27/17 14.81 18.43
(33.24) 06/12/17 19.03 14.21
09/25/17 29.95 3.29
11/06/17 27.83 5.41
S-2 03/27/17 14.76 18.39
(33.15) 06/12/17 18.71 14.44
09/25/17 29.06 4.09
11/06/17 27.83 5.32
Multi-Level Monitoring Wells
MGMS1-3 (43)* 03/27/17 15.04 17.82
(32.86) 06/12/17 17.91 14.95
09/25/17 28.53 433
11/06/17 27.56 5.30
MGMS1-2(60)* 03/27/17 1441 18.45
(32.86) 06/12/17 18.48 14.38
09/25/17 30.17 2.69
11/06/17 27.80 5.06
MGMS1-1(110)* 03/27/17 14.38 18.48
(32.86) 06/12/17 18.48 14.38
09/25/17 30.11 2.75
11/06/17 27.82 5.04
MGMS2-4(40)* 03/27/17 1511 17.48
(32.59) 06/12/17 17.00 15.59
09/25/17 21.77 4.82
11/06/17 21.32 5.27
MGMS2-3(60)* 03/27/17 14.05 18.54
(32.59) 06/12/17 18.14 14.45
09/25/17 29.53 3.06
11/06/17 27.48 5.11
MGMS2-2(110)* 03/27/17 13.98 18.61
(32.59) 06/12/17 18.15 14.44
09/25/17 29.64 2.95
11/06/17 21.57 5.02

Please refer to notes at end of table.
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Table 2

Groundwater Elevation Data: 2017
NuStar Vancouver Facility

Vancouver, Washington

Well Number/ Date of Depth to Water GrEolundv_vater
(TOC Elevation) Measurement (feet BTOC) evation
(feet)
MGMS2-1(132)* 03/27/17 14.02 18.57
(32.59) 06/12/17 18.19 14.40
09/25/17 29.60 2.99
11/06/17 27.46 5.13
MGMS3-4(40)* 03/27/17 1511 16.54
(31.65) 06/12/17 16.19 15.46
09/25/17 28.30 3.35
11/06/17 26.47 5.18
MGMS3-3(60)* 03/27/17 13.08 18.57
(31.65) 06/12/17 17.35 14.30
09/25/17 28.95 2.70
11/06/17 26.74 491
MGMS3-2(101)* 03/27/17 13.09 18.56
(31.65) 06/12/17 17.32 14.33
09/25/17 28.98 2.67
11/06/17 26.72 4.93
MGMS3-1(132)* 03/27/17 13.03 18.62
(31.65) 06/12/17 17.29 14.36
09/25/17 28.98 2.67
11/06/17 26.74 491
Port of Vancouver Wells
MW-30i 03/27/17 11.42 18.35
(29.77) 06/12/17 15.55 14.22
09/25/17 26.36 3.41
11/06/17 Well Abandoned
MW-31* 03/27/17 16.15 15.18
(31.33) 06/12/17 20.32 11.01
09/26/17 31.18 0.15
11/06/17 29.34 1.99
MW-32s 03/27/17 23.45 10.89
(34.34) 06/12/17 19.44 14.90
09/25/17 29.45 4.89
11/06/17 28.68 5.66
MW-32i 03/27/17 16.08 18.33
(34.41) 06/12/17 20.22 14.19
09/25/17 31.03 3.38
11/06/17 29.28 5.13

Please refer to notes at end of table.
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Table 2

Groundwater Elevation Data: 2017
NuStar Vancouver Facility
Vancouver, Washington

Well Number/ Date of Depth to Water G?IEC:;VS;H
(TOC Elevation) Measurement (feet BTOC)
(feet)
MW-E ** 03/27/17 14.39 16.25
(30.64) 06/12/17 18.26 12.38
09/25/17 28.72 1.92
11/06/17 26.83 3.81
MW-F 03/27/17 15.65 17.83
(33.48) 06/12/17 19.64 13.84
09/25/17 29.90 3.58
11/06/17 28.93 4.55
MW-G 03/27/17 13.92 17,58
(31.50) 06/12/17 17.99 13.51
09/25/17 29.10 2.40
11/06/17 21.34 4.16
Notes:

1. TOC =Top of casing; BTOC = Below top of casing.
Utilizes new survey information from June 2010. NGVD29 datum (ft MSL).

* Water levels measurement points are located at the top of the plastic fittings mounted on the well covers.

2

3.

4. NM = Not measured.

5. * The casing has been modified at Port of Vancouver wells MW-E and MW-31i. The TOC elevation
has not yet been re-surveyed, so groundwater elevation data for these wells is likely inaccurate.
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Table 3

Groundwater Analytical Results: 2017

NuStar Vancouver Facility
Vancouver, Washington

Bromo- Chloro- Chloro- Dibromo- LI L2 LI cis-1,2- | trans-1.2- L2 Tetra- LLL- LL2- Trichloro- Vinyl
Well Sample form ethane form chloro- Dichloro- Dichloro- Dichloro- Dichloro- Dichloro- Dichloro- chloro- Trichloro- = Trichloro- ethene Chioride
Number Date methane ethane ethane ethene ethene ethene propane ethene ethane ethane
Concentrations in ug/L (ppb)
MW-1 3/30/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 1.6 <0.50 <0.50 4.6 <0.50 <0.50 1.6 <0.50
6/12/2017 <2.0 <2.0 <0.50 <0.50 2.1 <1.0 <0.50 9.9 <0.50 <0.50 4.4 <0.50 <0.50 3.1 <0.50
9/26/2017 <2.0 <2.0 <0.50 <0.50 6.8 <1.0 <0.50 6.7 <0.50 <0.50 15 <0.50 <0.50 1.6 22.6
11/9/2017 <2.0 <2.0 <0.50 <0.50 5.0 <0.50 <0.50 22.8 <0.50 <0.50 9.5 <0.50 <0.50 6.5 11
MW-2 9/29/2016 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
3/28/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
9/25/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
11/6/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
MW-3 3/29/2017 <0.50 <2.0 <0.50 <0.50 7.1 1.3 <0.50 77.9 1.2 <0.50 67.6 0.64 <0.50 20.2 25
6/14/2017 <2.0 <2.0 1.0 <0.50 2.1 <1.0 <0.50 39.0 15 <0.50 163 17 <0.50 304 <0.50
9/25/2017 <2.0 <2.0 <0.50 <0.50 5.6 <1.0 <0.50 73.3 1.3 <0.50 127 15 <0.50 29.5 <0.50
11/8/2017 <2.0 <2.0 <0.50 <0.50 5.0 <0.50 <0.50 59.5 0.60 <0.50 67.1 0.57 <0.50 16.1 0.68
MW-5 3/28/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 8.4 <0.50 <0.50 6.5 <0.50 <0.50 5.8 <0.50
6/14/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 4.2 <0.50 <0.50 16.3 <0.50 <0.50 6.8 <0.50
9/27/2017 <2.0 <2.0 <0.50 <0.50 1.6 <1.0 <0.50 15.6 <0.50 <0.50 26.7 <0.50 <0.50 15.6 0.64
11/7/2017 <2.0 <2.0 <0.50 <0.50 0.99 <0.50 <0.50 35.6 <0.50 <0.50 35 <0.50 <0.50 9.7 5.3
MW-6 9/28/2016 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
3/30/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
9/28/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
11/7/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
MW-7 3/28/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 11 <0.50 <0.50 0.73 <0.50
3/28/2017 DUP <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 12 <0.50 <0.50 0.69 <0.50
6/14/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 25 <0.50 <0.50 <0.50 <0.50 <0.50 0.55 25
6/14/2017 DUP <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 24 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 25
9/27/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 17 <0.50 <0.50 2.6 <0.50 <0.50 1.6 1.6
9/27/2017 DUP <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 17 <0.50 <0.50 2.6 <0.50 <0.50 1.6 1.7
11/7/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 2.6 <0.50 <0.50 6.3D <0.50 <0.50 7.8 14
11/7/2017 DUP <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 25 <0.50 <0.50 38D <0.50 <0.50 6.4 15
MW-8 3/30/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 35.7 0.96 <0.50 2.3 <0.50 <0.50 0.57 <0.50
6/13/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 14.3 <0.50 <0.50 4.3 <0.50 <0.50 0.56 <0.50
9/25/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50 <0.50 4.3 <0.50 <0.50 <0.50 <0.50
11/6/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 12 <0.50 <0.50 4.4 <0.50 <0.50 <0.50 <0.50

Please refer to notes at end of table.

Semi-Annual Groundwater Monitoring Report

July through December 2017
1126-20
Page 1 of 6



Table 3

Groundwater Analytical Results: 2017
NuStar Vancouver Facility
Vancouver, Washington

Bromo- Chloro- Chloro- Dibromo- LI L2 LI cis-1,2- | trans-1.2- L2 Tetra- LLL- LL2- Trichloro- Vinyl
Well Sample form ethane form chloro- Dichloro- Dichloro- Dichloro- Dichloro- Dichloro- Dichloro- chloro- Trichloro- = Trichloro- ethene Chioride
Number Date methane ethane ethane ethene ethene ethene propane ethene ethane ethane
Concentrations in ug/L (ppb)
MW-9 3/28/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 0.77 <0.50 <0.50 27.9 0.89 <0.50 125 <0.50
6/14/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 17.5 0.60 <0.50 104 1.3 <0.50 47.2 <0.50
9/27/2017 <2.0 <2.0 <0.50 <0.50 2.8 <1.0 <0.50 83.1 2.5 <0.50 102 24 <0.50 66.7 0.99
11/7/2017 <2.0 <2.0 <0.50 <0.50 20.3 <0.50 3.3 569 15.2 <0.50 205 4.5 <0.50 167 7.8
MW-10 9/27/2016 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 16 <0.50 <0.50 14 <0.50
3/30/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 1.4 <0.50 <0.50 15 <0.50
9/27/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50 <0.50 3.7 <0.50 <0.50 2.4 <0.50
11/6/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 2.5 <0.50 <0.50 11 <0.50
MW-12 3/30/2017 <10.0 <40 <10.0 <10.0 <10.0 <10.0 <10.0 1,120 <10.0 <10.0 55.9 <10.0 <10.0 29.6 <37.8
3/30/2017 DUP <25 <10.0 <25 <25 11.4 <25 3.8 853 6.1 <25 49.0 <25 <25 26.0 28.3
6/12/2017 <3.1 <125 <3.1 <3.1 14.0 <3.1 4.7 893J 7.6 <3.1 424 <3.1 <3.1 18.1 484
6/12/2017 DUP <31 <125 <3.1 <3.1 12.8 <31 <31 860 7.1 <3.1 40.0 <31 <31 16.5 474
9/28/2017 <3.1 17.4 <3.1 <3.1 19.5 <3.1 <3.1 457 54 <3.1 <3.1 <3.1 <3.1 <3.1 47.7
9/28/2017 DUP <17 16.3 <17 <17 17.3 <17 <17 428 5.2 <17 <17 <17 <17 <17 45.1
11/9/2017 <2.0 15.4 <0.50 <0.50 45 <0.50 <0.50 22.2 14 <0.50 <0.50 <0.50 <0.50 <0.50 49.1
11/9/2017 DUP <2.0 12.6 <0.50 <0.50 4.5 <0.50 <0.50 21.0 1.6 <0.50 <0.50 <0.50 <0.50 <0.50 36.4
MW-13 12/16/2016 <5.0 <20 <5.0 <5.0 <5.0 <5.0 <5.0 509 <5.0 <5.0 1,020 <5.0 <5.0 394 <5.0
3/30/2017 <5.0 <20 <5.0 <5.0 <5.0 <5.0 <5.0 101 <5.0 <5.0 176 <5.0 <5.0 57.6 <5.0
6/15/2017 <1.0 <4.0 <1.0 <1.0 <1.0 <1.0 12 272 1.6 <1.0 97.7 <1.0 <1.0 56.3 41
9/27/2017 <1.0 <4.0 <1.0 <1.0 <1.0 <1.0 5.0 3,220 7.3 <1.0 33 <1.0 <1.0 13 25.0
11/7/2017 <16.7 <16.7 <4.2 <4.2 <4.2 <4.2 <4.2 1,360 54 <4.2 <4.2 <4.2 <4.2 <4.2 25.0
MW-14 3/27/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 0.57 69.2 <0.50 <0.50 14.7 <0.50 <0.50 334 0.62
6/13/2017 <2.0 <2.0 <0.50 <0.50 10 <1.0 5.3 432 2.7 <0.50 58.3 2.1 <0.50 204 25
9/26/2017 <0.84 <3.3 <0.84 <0.84 6.2 <0.84 2.6 279 2.8 <0.84 62.4 <0.84 <0.84 265 <0.84
11/8/2017 <33 <33 <0.84 <0.84 45 <0.84 21 306 2.2 <0.84 39.3 <0.84 <0.84 160 0.91
MW-15 9/30/2016 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 0.51 <0.50 <0.50 <0.50 <0.50
3/28/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
9/28/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
11/6/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 0.64 <0.50 <0.50 <0.50 <0.50
MW-16 3/29/2017 <0.50 <2.0 <0.50 <0.50 1.6 <0.50 <0.50 19.0 <0.50 <0.50 27.0 <0.50 <0.50 6.4 <0.50
6/14/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 6.4 <0.50 <0.50 53.7 0.66 <0.50 54 <0.50
9/25/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 1.3 <0.50 <0.50 148 1.0 <0.50 111 <0.50
11/6/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 3.8 <0.50 <0.50 150 0.96 <0.50 17.4 <0.50

Please refer to notes at end of table.
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Table 3

Groundwater Analytical Results: 2017

NuStar Vancouver Facility
Vancouver, Washington

Bromo- Chloro- Chloro- Dibromo- LI L2 LI cis-1,2- | trans-1.2- L2 Tetra- LLL- LL2- Trichloro- Vinyl
Well Sample form ethane form chloro- Dichloro- Dichloro- Dichloro- Dichloro- Dichloro- Dichloro- chloro- Trichloro- = Trichloro- ethene Chioride
Number Date methane ethane ethane ethene ethene ethene propane ethene ethane ethane
Concentrations in ug/L (ppb)

MW-17 9/27/2016 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 15 <0.50 <0.50 4.2 <0.50 <0.50 10.4 <0.50
3/29/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

9/29/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 2.7 <0.50 <0.50 4.6 <0.50 <0.50 11.4 <0.50

11/8/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 9.3 <0.50 <0.50 9.9 <0.50 <0.50 21.9 <0.50

MW-18i 3/29/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 15 <0.50 <0.50 14 <0.50 <0.50 1.2 <0.50
6/13/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50 <0.50 11 <0.50 <0.50 0.66 <0.50
9/27/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 6.4 <0.50 <0.50 1.9 <0.50 <0.50 1.3 <0.50
11/7/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 0.90 <0.50 <0.50 0.50 <0.50

MW-19 3/28/2017 <5.0 <20 <5.0 <5.0 197 <5.0 255 1,930 19.7 <5.0 664 17.0 <5.0 826 58.5
3/28/2017 DUP <5.0 <20 <5.0 <5.0 214 <5.0 26.7 1,990 215 <5.0 755 19.9 <5.0 896 63.2

6/14/2017 <25 <10 <25 <25 40.6 <25 15.4 481 6.1 <25 531 8.1 <25 481 16.5

6/14/2017 DUP <25 <10 <25 <25 418 <25 15.8 486 6.2 <25 566 8.2 <25 506 17.2

9/26/2017 <25 <10 <25 <25 <25 <25 26.5 1,160 54 <25 3,620 38.9 <25 1,450 111

9/26/2017 DUP <25 <10 <25 <25 111 <25 28.9 1,150 5.4 <25 3,710 404 <25 1,480 111

11/9/2017 <20 <20 <5.0 <5.0 104D <5.0 249D 1,660 D 240D <5.0 1,530 D 202D <5.0 1,020 109

11/9/2017 DUP <2.0UJ <2.0UJ <0.50 UJ <0.50 UJ 56.5 D, J- <0.50 UJ 14.7D, J- 1,040 D 14.7D, J- <0.50 UJ 970D 13.0D, J- 0.75 J- 790 115
MW-19i 3/29/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
6/14/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
9/28/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 0.83 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
11/8/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 0.57 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
MW-20i 3/30/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 15 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
6/14/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 5.6 <0.50 <0.50 15 <0.50 <0.50 0.84 <0.50
9/27/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50 <0.50 0.67 <0.50 <0.50 <0.50 <0.50
11/7/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 7.7 <0.50 <0.50 2.8 <0.50 <0.50 15 <0.50
MW-21i-105 3/29/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 4.8 <0.50 <0.50 5.7 <0.50 <0.50 29 <0.50
6/13/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 4.7 <0.50 <0.50 7.6 <0.50 <0.50 4.1 <0.50
9/27/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 4.3 <0.50 <0.50 5.7 <0.50 <0.50 39 <0.50
11/8/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 13.0 <0.50 <0.50 7.4 <0.50 <0.50 6.4 <0.50
MW-21i-40 3/29/2017 <0.50 <2.0 <0.50 <0.50 2.6 <0.50 091 87.6 0.58 <0.50 21.8 <0.50 <0.50 16.2 <0.50
6/13/2017 <2.0 <2.0 <0.50 <0.50 2.3 <1.0 0.63 63.6 0.56 <0.50 24.1 <0.50 <0.50 15.1 <0.50
9/27/2017 <2.0 <2.0 <0.50 <0.50 2.3 <1.0 0.70 60.0 <0.50 <0.50 18.1 <0.50 <0.50 15.0 <0.50
11/8/2017 <2.0 <2.0 <0.50 <0.50 2.6 <0.50 0.84 65.4 0.63 <0.50 174 <0.50 <0.50 14.6 <0.50
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Table 3

Groundwater Analytical Results: 2017

NuStar Vancouver Facility
Vancouver, Washington

Bromo- Chloro- Chloro- Dibromo- LI L2 LI cis-1,2- | trans-1.2- L2 Tetra- LLL- LL2- Trichloro- Vinyl
Well Sample form ethane form chloro- Dichloro- Dichloro- Dichloro- Dichloro- Dichloro- Dichloro- chloro- Trichloro- = Trichloro- ethene Chioride
Number Date methane ethane ethane ethene ethene ethene propane ethene ethane ethane
Concentrations in ug/L (ppb)
MW-22i 3/29/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 10.0 <0.50 <0.50 11 <0.50 <0.50 9.7 <0.50
6/13/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 9.6 <0.50 <0.50 0.63 <0.50 <0.50 6.2 <0.50
9/27/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 8.8 <0.50 <0.50 0.88 <0.50 <0.50 6.3 <0.50
11/7/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 9.7 <0.50 <0.50 1.2 <0.50 <0.50 6.4 <0.50
MW-23i 3/27/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
6/13/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
9/26/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
11/8/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
MW-24i 3/30/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 0.7 <0.50 <0.50 1.0 <0.50 <0.50 <0.50 <0.50
6/15/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 3.20 <0.50 <0.50 6.6 <0.50 <0.50 2.80 <0.50
9/26/2017 <2.0 <2.0 <0.50 <0.50 2.1 <1.0 <0.50 245 <0.50 <0.50 30.1 <0.50 <0.50 16.6 <0.50
11/9/2017 <2.0 <2.0 <0.50 <0.50 11 <0.50 <0.50 9.6 <0.50 <0.50 12.7 <0.50 <0.50 5.9 <0.50
MW-24d 3/28/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
6/15/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
9/25/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
11/6/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
MW-25i 3/29/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
6/15/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
9/27/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
11/8/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
MW-26 3/29/2017 <5.0 <20 <5.0 <5.0 <5.0 <5.0 <5.0 170 <5.0 <5.0 214 <5.0 <5.0 452 <5.0
6/13/2017 <2.0 <2.0 <0.50 <0.50 6.7 <1.0 19 113 2.0 <0.50 160 2.1 <0.50 311E,J 0.65
9/26/2017 <2.0 <2.0 <0.50 <0.50 51 <1.0 1.0 192 2.1 <0.50 68.4 0.83 <0.50 192 0.98
11/8/2017 <2.0 24 <0.50 <0.50 4.8 <0.50 15 204 2.3 <0.50 88.1 1.0 <0.50 170 1.8
MW-32s 6/16/2016 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
12/14/2016 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
6/14/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
11/10/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
MW-32i 11/10/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 7.0 <0.50 <0.50 8.2 <0.50 <0.50 34 <0.50
Ew-1 9/29/2016 <0.50 <2.0 11 <0.50 <0.50 15 <0.50 5.4 <0.50 <0.50 38.6 <0.50 <0.50 10.5 <0.50
3/30/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 10.7 <0.50 <0.50 24 <0.50
9/28/2017 <2.0 <2.0 24 <0.50 <0.50 <1.0 <0.50 18 <0.50 <0.50 324 <0.50 <0.50 7.2 <0.50
11/9/2017 <2.0 <2.0 0.91 <0.50 <0.50 <0.50 <0.50 33 <0.50 <0.50 33.0 0.66 <0.50 7.3 <0.50

Please refer to notes at end of table.
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Table 3

Groundwater Analytical Results: 2017
NuStar Vancouver Facility
Vancouver, Washington

Bromo- Chloro- Chloro- Dibromo- _ 1,1- _ 1,2- _ 1,1- gis-1,2- trgns-l,z- _ 1,2- Tetra- _1,1,1- _1,1,2- Trichloro- Vinyl
Well Sample form ethane form chloro- Dichloro- Dichloro- Dichloro- Dichloro- Dichloro- Dichloro- chloro- Trichloro- = Trichloro- ethene Chioride
Number Date methane ethane ethane ethene ethene ethene propane ethene ethane ethane
Concentrations in ug/L (ppb)
S1 3/27/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
6/13/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
9/28/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
11/8/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
S-2 3/27/2017 <0.50 <2.0 <0.50 <0.50 2.6 <0.50 <0.50 4.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
6/13/2017 <2.0 <2.0 <0.50 <0.50 33 <1.0 <0.50 4.3 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
9/28/2017 <2.0 <2.0 <0.50 <0.50 8.0 <1.0 <0.50 13.2 <0.50 <0.50 <0.50 0.86 <0.50 0.51 <0.50
11/8/2017 <2.0 <2.0 <0.50 <0.50 7.1 <0.50 <0.50 12.1 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
MGMS1-3(43) 3/31/2017 <8.4 <33.4 <84 <84 90.8 <84 12,5 1,430 15.2 <84 45.8 <84 <84 119 348
6/12/2017 <8.3 <333 <8.3 <8.3 173 <8.3 16.7 2,620 18.7 <8.3 24.4 <8.3 <8.3 116 681
9/29/2017 <25 <10.0 <25 <25 60.1 <25 6.9 901 12.9 <25 70.7 <25 <25 126 117
11/7/2017 <10.0 <10.0 <25 <25 153 <25 13.7 2,350 J- 26.6 <25 108 <25 <25 211 181
MGMS1-2(60) 3/31/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 15.6 <0.50 <0.50 13.6 <0.50 <0.50 13.2 <0.50
6/12/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 6.0 <0.50 <0.50 12.8 <0.50 <0.50 7.1 <0.50
9/29/2017 <2.0 <2.0 <0.50 <0.50 2.0 <1.0 <0.50 18.3 <0.50 <0.50 18.3 <0.50 <0.50 13.4 <0.50
11/7/2017 <2.0 <2.0 <0.50 <0.50 16 <0.50 <0.50 249 <0.50 <0.50 14.0 <0.50 <0.50 14.7 <0.50
MGMS1-1(110) 9/30/2016 <0.50 <0.50 <0.50 <0.50 12 <0.50 <0.50 56.7 <0.50 <0.50 18.4 <0.50 <0.50 28.7 <0.50
3/31/2017 <0.50 <2.0 <0.50 <0.50 13.3 <0.50 11 328 <0.50 <0.50 20.1 <0.50 <0.50 62.0 6.5
9/29/2017 <2.0 <2.0 <0.50 <0.50 59 <1.0 0.54 173 <0.50 <0.50 9.0 <0.50 <0.50 32.8 0.56
11/7/2017 <2.0 <2.0 <0.50 <0.50 10.5 <0.50 0.91 257 0.67 <0.50 115 <0.50 <0.50 418 0.89
MGMS2-4(40) 3/31/2017 <0.50 <2.0 <0.50 <0.50 57.6 <0.50 14.3 236 0.60 <0.50 4.3 <0.50 <0.50 14.4 235
6/15/2017 <0.50 <2.0 <0.50 <0.50 38.6 <0.50 35 46.2 <0.50 <0.50 5.1 <0.50 <0.50 49 98.9
9/29/2017 <2.0 <2.0 <0.50 <0.50 217 <1.0 6.8 195 0.74 <0.50 41.5 0.67 <0.50 31.3 428
11/9/2017 <2.0 <2.0 <0.50 <0.50 21.3 <0.50 0.86 61.6 0.52 <0.50 13.2 <0.50 <0.50 9.2 170
MGMS2-3(60) 3/31/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 18.5 <0.50 <0.50 26.0 <0.50 <0.50 11.2 0.75
6/15/2017 <2.0 <2.0 <0.50 <0.50 0.88 <1.0 <0.50 20.7 <0.50 <0.50 40.4 <0.50 <0.50 17.3 13
9/29/2017 <2.0 <2.0 <0.50 <0.50 2.3 <1.0 <0.50 30.4 <0.50 <0.50 175 <0.50 <0.50 12.0 6.7
11/9/2017 <2.0 <2.0 <0.50 <0.50 18 <0.50 <0.50 30.2 <0.50 <0.50 34.2 <0.50 <0.50 20.1 11
MGMS2-2(110) 9/29/2016 <0.50 <2.0 <0.50 <0.50 0.62 <0.50 <0.50 16.8 <0.50 <0.50 6.5 <0.50 <0.50 6.3 5.8
3/31/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 195 <0.50 <0.50 6.4 <0.50 <0.50 6.6 6.4
9/29/2017 <2.0 <2.0 <0.50 <0.50 2.80 <1.0 <0.50 63.5 <0.50 <0.50 2.2 <0.50 <0.50 5.3 25.0
11/9/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 6.3 <0.50 <0.50 3.9 <0.50 <0.50 31 1.9
MGMS2-1(132) 9/29/2016 <0.50 <2.0 <0.50 <0.50 0.70 <0.50 <0.50 314 <0.50 <0.50 6.4 <0.50 <0.50 7.9 8.2
3/31/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 15.6 <0.50 <0.50 52 <0.50 <0.50 4.7 4.8
9/29/2017 <2.0 <2.0 <0.50 <0.50 2.2 <1.0 <0.50 64.9 <0.50 <0.50 24 0.59 <0.50 6.3 19.4
11/9/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 14.3 <0.50 <0.50 3.6 <0.50 <0.50 4.5 5.0
Please refer to notes at end of table. Semi-Annual Groundwater Monitoring Report
July through December 2017
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Table 3

Groundwater Analytical Results: 2017

NuStar Vancouver Facility
Vancouver, Washington

Bromo- Chloro- Chloro- Dibromo- LI L2 LI cis-1,2- | trans-1.2- L2 Tetra- LLL- LL2- Trichloro- Vinyl
Well Sample form ethane form chloro- Dichloro- Dichloro- Dichloro- Dichloro- Dichloro- Dichloro- chloro- Trichloro- = Trichloro- ethene Chioride
Number Date methane ethane ethane ethene ethene ethene propane ethene ethane ethane
Concentrations in ug/L (ppb)

MGMS3-4(40) 3/28/2017 <0.50 <2.0 <0.50 <0.50 22.5 0.68 2.8 979 55 <0.50 14 <0.50 <0.50 0.60 257
3/28/2017 DUP <25 <10.0 <25 <25 20.7 <25 33 1,050 6.0 <25 <25 <25 <25 <25 323
6/12/2017 <0.50 <2.0 <0.50 <0.50 33 <0.50 <0.50 1.7 <0.50 <0.50 0.97 <0.50 <0.50 <0.50 <0.50
9/26/2017 <2.0 <2.0 <0.50 <0.50 11 <1.0 <0.50 0.69 <0.50 <0.50 0.79 <0.50 <0.50 <0.50 <0.50
9/26/2017 DUP <2.0 <2.0 <0.50 <0.50 11 <1.0 <0.50 0.82 <0.50 <0.50 0.86 <0.50 <0.50 <0.50 <0.50

11/10/2017 <2.0 <2.0 <0.50 <0.50 4.2 <0.50 <0.50 7.6 <0.50 <0.50 0.85 <0.50 <0.50 <0.50 12.8

11/10/2017 DUP <2.0 <2.0 <0.50 <0.50 4.3 <0.50 <0.50 8.0 <0.50 <0.50 0.71 <0.50 <0.50 <0.50 15.8
MGMS3-3(60) 3/28/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 0.62 <0.50 <0.50 11 <0.50 <0.50 <0.50 <0.50
6/12/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 2.3 <0.50 <0.50 13 <0.50 <0.50 0.64 <0.50
9/26/2017 <2.0 <2.0 <0.50 <0.50 1.2 <1.0 <0.50 34.2 <0.50 <0.50 8.6 <0.50 <0.50 7.8 <0.50

11/10/2017 <2.0 <2.0 <0.50 <0.50 1.7 <0.50 <0.50 37.6 <0.50 <0.50 0.78 <0.50 <0.50 15 13.9
MGMS3-2(110) 9/30/2016 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 6.5 <0.50 <0.50 44 <0.50 <0.50 3.0 <0.50
3/28/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 7.0 <0.50 <0.50 7.0 <0.50 <0.50 6.0 <0.50

9/26/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 4.8 <0.50 <0.50 0.96 <0.50 <0.50 0.80 0.92
11/10/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 1.6 <0.50 <0.50 25 <0.50 <0.50 15 <0.50
MGMS3-1(132) 9/30/2016 <0.50 <2.0 <0.50 <0.50 0.84 <0.50 0.54 12.9 <0.50 <0.50 13.8 <0.50 <0.50 11.9 <0.50
3/28/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 7.9 <0.50 <0.50 13.8 <0.50 <0.50 9.6 <0.50
9/26/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <1.0 <0.50 34 <0.50 <0.50 3.0 <0.50 <0.50 2.8 <0.50
11/10/2017 <2.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 33 <0.50 <0.50 5.1 <0.50 <0.50 3.8 <0.50

EX-1 12/12/2016 <0.50 37 <0.50 <0.50 <0.50 <0.50 <0.50 8.1 <0.50 <0.50 4.3 <0.50 <0.50 0.96 51.9
3/28/2017 <0.50 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 5.2 <0.50 <0.50 6.1 <0.50 <0.50 1.9 <0.50

6/14/2017 <2.0 10.2 <0.50 <0.50 10.7 <1.0 <0.50 11.7 0.56 <0.50 9.5 <0.50 <0.50 3.0 13

9/26/2017 <2.0 34 <0.50 <0.50 8.8 <1.0 <0.50 6.9 <0.50 <0.50 0.82 <0.50 <0.50 0.63 10.1

MP-1 3/30/2017 <0.50 71.4 <0.50 <0.50 75 <0.50 <0.50 177 6.0 <0.50 <0.50 <0.50 <0.50 0.79 186
6/14/2017 <2.0 4.0 <0.50 <0.50 2.3 <1.0 <0.50 143 1.9 <0.50 16.2 <0.50 <0.50 8.5 29.4

9/26/2017 <2.0 <2.0 <0.50 <0.50 34 <1.0 4.5 83.0 0.83 <0.50 307 <0.50 <0.50 65.9 2.3

11/9/2017 <2.0 <2.0 <0.50 <0.50 33 <0.50 4.3 105 0.91 <0.50 198 <0.50 <0.50 74.0 2.6

Notes:

N ook owdE

Mg/L (ppb) = Micrograms per liter (parts per billion).

Bold values represents detected concentration of listed analyte.
< = Not detected at or above the specified laboratory method reporting limit (MRL).
E = Analyte concentration exceeded the calibration range. Reported result is estimated.

D = Relative percent difference (RPD) between sample and duplicate is outside of the acceptable range of +/- 30%.
J = Resultis estimated based on review of laboratory data quality.
J- = Result is estimated and may be biased low based on review of laboratory data quality.
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Table 4

Interim Action: Groundwater Analytical Results

NuStar Vancouver Facility
Vancouver, Washington

Well Number: MW-7
Sample Date:| 2/6/2007 | 12/16/2008 | 3/23/2009 | 6/18/2009 | 9/18/2009 | 12/18/2009 | 3/16/2010 | 6/17/2010 | 9/23/2010 | 12/10/2010 | 3/11/2011 | 6/7/2011 | 9/19/2011 | 12/9/2011 | 3/12/2012 | 06/22/2012 | 9/14/2012 | 12/14/2012 | 3/15/2013 ‘ 6/14/2013 ‘ 9/20/2013 ‘ 12/16/2013 | 3/24/2014 | 6/25/2014 | 9/30/2014 | 12/15/2014 | 3/20/2015 | 6/17/2015 | 9/23/2015 12/8/2015 6/17/2016 9/29/2016 12/14/12016 3/28/2017 6/14/2017 912712017 11/7/2017
Analyte Concentrations in pg/L (ppb)
Volatile Organic Compounds
Tetrachloroethene 31,500 15,000 3,300 890 2,600 1,600 550 200 750 220 420 430 410 200 41 25 28 11 16 16 <0.50 051 9.8 <0.50 <0.50 0.61 <0.50 12 45 0.94 0.69 <0.50 0.78 12 <0.50 26 6.3
Trichloroethene 352 450 270 350 250 160 56 72 110 36 82 110 84 32 8.6 5.2 5.2 6.8 0.78 <0.50 <0.50 <0.50 26 <0.50 <0.50 15 11 10 4.2 17 21 6.0 <0.50 0.73 0.55 16 7.8
cis-1,2-Dichloroethene <100 130 420 520 930 330 180 360 690 94 150 1,400 1,300 3,400 1,600 500 180 130 110 58 56 6.9 13 0.62 4.5 16 8.4 12 127 41 109 10.9 9.4 <0.50 25 17 26
trans-1,2-Dichloroethene <100 <50 <15.0 <3.0 <3.0 <5.0 <20 <15 <3.0 <0.90 0.91 33 <5.0 6.8 <5.0 <20 0.70 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Vinyl chloride <100 <50 <15.0 <3.0 <3.0 <5.0 <2.0 <15 48 17 9.3 79 78 110 600 290 80 18 11 16 10 9.1 76 14 98 21 10 12.6 4.8 19 54 55 10 <0.50 25 17 15
Ethene N/A N/A N/A N/A <1.0 <10 <1.0 <1.0 <1.0 119 7.76 <10 N/A 38.7 71 130 47 195 133 5.86 186 5.0 220 219 <10 <10 <6.2 <10.0 <10.0 <10.0 <10.0 N/A N/A N/A <10.0 <10.0 <10.0
1,1-Dichloroethene <100 <50 <15.0 <3.0 55 <5.0 <20 <15 <3.0 <0.90 16 34 <5.0 6.9 <5.0 <20 0.54 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,1-Dichloroethane <100 <50 <15.0 37 9.8 6.7 <20 <15 33 18 6.6 4.8 <5.0 8.0 9.2 9.0 38 19 0.69 0.51 15 29 16 0.19 27 45 1.0 26 18 <0.50 0.60 11 <0.50 <0.50 <0.50 <0.50 <0.50
1,2-Dichloroethane <100 <50 <0.50 <3.0 <30 <5.0 <20 <L5 <3.0 <0.90 <0.90 <25 <5.0 <5.0 <5.0 <20 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <10 <1.0 <0.50
1,1,1-Trichloroethane <100 <50 <15.0 52 10 6.7 20 2.7 35 1.6 5.1 40 <5.0 <5.0 <5.0 <2.0 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Attenuation Chemistry
Total Organic Carbon (mg/L) I <1.0 24 6.7 N/A 4.1 25 2.6 28 8.2 0.84 110 4.7 3,400 1,600 1,000 790 790 550 250 220 270 250 7 120 160 285 235 46 40.6 9.8 18.9 N/A N/A N/A 9.1 78 31
Field Parameters
Dissolved Oxygen (mg/L) 120 0.72 0.69 6.97 0.59 123 137 1.86 0.64 6.29 6.65 0.45 453 119 297 6.28 229 0.34 1.02 0.29 0.45 0.44 0.43 0.6 193 161 119 0.81 0.87 1.98 167 0.96 113 0.89 1.08 175 2.65
Oxidation Reduction Potential
(mv) 2457 -103.2 -614.5 -16.4 1217 162.1 1477 240.0 -483.4 1116 1323 108.6 695.8 -117.5 96.8 -137.9 933 241 533 47.9 -189.3 -66.1 76.9 -90.5 -112.0 -34.0 -76.8 -4.9 -30.5 84.1 -120.1 164.1 5.6 -25.4 -60.5 1102 68.6

Please refer to notes at end of table.
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Table 4

Interim Action: Groundwater Analytical Results

NuStar Vancouver Facility
Vancouver, Washington

Well Number: MP-1
Sample Date:| 2/6/2007 | 12/16/2008 | 3/23/2009 | 6/18/2009 | 9/18/2009 | 12/18/2009 | 3/16/2010 | 6/17/2010 | 9/23/2010 | 12/10/2010 | 3/14/2011 | 6/7/2011 | 9/19/2011 | 12/9/2011 | 3/9/2012 | 6/22/2012 | 9/14/2012 | 12/14/2012 | 3/15/2013 ‘ 6/14/2013 ‘ 9/20/2013 ‘ 12/16/2013 | 3/24/2014 | 6/23/2014 | 9/30/2014 | 12/15/2014 | 3/20/2015 | 6/18/2015 | 9/22/2015 | 12/8/2015 | 3/8/2016 | 6/17/2016 | 9/28/2016 | 12/13/2016 | 3/30/2017 | 6/14/2017 | 9/26/2017 | 11/9/2017
Analyte Concentrations in pg/L (ppb)
Volatile Organic Compounds
Tetrachloroethene 1,610 1,600 1,200 1,500 1,100 1,000 1,500 800 730 1,000 1,200 640 30 640 490 690 340 230 230 330 260 290 360 1,200 360 320 570 376 343 308 433 206 99.4 29 <0.50 16.2 307 198
Trichloroethene 421 230 180 180 310 180 400 140 120 150 180 130 72 120 140 120 83 48 69 70 66 70 54 130 63 59 96 80.8 68.3 62.6 100 67.3 355 1.0 0.79 85 65.9 740
cis-1,2-Dichloroethene 347 70 89 43 240 58 410 120 41 27 150 75 41 49 440 530 170 170 140 190 7 67 240 290 110 58 190 91 383 50.9 148 125 405 209 177 143 83.0 105
trans-1,2-Dichloroethene 85 <5.0 <4.0 <4.0 89 <4.0 13 <3.0 <3.0 <3.0 <3.0 <25 <15 31 6.3 29 22 17 25 16 15 0.92 <15 17 <2.0 <15 15 0.87 <12 <12 12 0.97 <0.50 0.55 6.0 19 0.83 0.91
Vinyl chloride 236 <5.0 <4.0 <4.0 73 <4.0 10 <3.0 <3.0 <3.0 59 <25 16 <25 21 48 45 18 18 18 <0.90 <0.90 <15 50 16 <L5 25 <0.84 <12 <12 <0.84 <0.50 33 43 186 294 23 26
Ethene N/A N/A N/A N/A <1.0 <1.0 247 <10 <10 <10 <0.0010 <10 NA 3.28 159 66.6 16 211 5.86 2.96 317 <1.0 33 19.6 <1.0 <10 <6.2 <10.0 <10 <10 <10 <10.0 <10.0 <10.0 328 83.2 <10.0 <10.0
1,1-Dichloroethene <5.0 <5.0 <4.0 <4.0 <0.40 <4.0 4.7 <3.0 <3.0 <3.0 <3.0 <25 <15 <25 28 28 <15 <0.90 0.94 14 <0.90 11 <15 23 <2.0 <15 15 15 14 15 21 15 31 0.92 <0.50 <0.50 34 43
1,1-Dichloroethane 184 <5.0 6.0 43 14 <4.0 22 32 <3.0 <3.0 71 49 24 26 9.4 56 40 20 51 45 29 17 22 49 28 17 36 29 18 18 75 5.0 13 0.64 75 23 45 33
1,2-Dichloroethane <5.0 <5.0 <4.0 <4.0 <4.0 <4.0 <3.0 <3.0 <3.0 <3.0 <3.0 <25 <15 <25 <15 <25 <15 <0.90 <0.90 <0.90 <0.90 <0.90 <15 <15 <20 <15 <10 <0.84 <12 <12 <0.84 <0.50 <0.50 <0.50 <0.50 <10 <1.0 <0.50
1,1,1-Trichloroethane 112 10 10 12 8.2 71 8.6 54 4.0 45 6.4 33 19 31 35 12 20 1.0 1.0 14 0.95 12 18 9.5 <2.0 <15 1.0 <0.84 <1.2 <1.2 <0.84 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Attenuation Chemistry
Total Organic Carbon (mg/L) <1.00 1.80 20 N/A 150 1.60 24 24 2.0 1.0 0.96 16 37 83 16 26 23 18 35 28 35 26 38 34 29 24 78 6.0 2.2 9.9 5.1 <1.0 2620 130 137 389 43 37
Field Parameters
Dissolved Oxygen (mg/L) 0.39 137 1.05 3.65 0.48 0.78 0.89 322 0.53 0.52 135 0.52 0.69 0.83 0.23 0.83 043 0.28 0.44 0.34 0.44 110 0.69 3.00 4.09 0.88 1.04 175 1.66 120 113 371 132 357 0.79 0.87 0.93 0.66
Oxidation Reduction Potential
(mV) 208.9 785 127.3 -43.7 99.7 155.3 83.2 2283 -464.0 -4.6 159.6 489 9135 -51.7 7 -51.7 98.2 -15.2 60.4 187.2 12 103 -18.7 -14.0 423 -28.6 29.8 -148.5 105.5 82.8 295 -8.6 135.2 121 -137.7 -53.2 80.5 -104.8

Please refer to notes at end of table.

Semi-Annual Groundwater Monitoring Report
July through December 2017

1126-20
Page 2 of 7



Table 4

Interim Action: Groundwater Analytical Results

NuStar Vancouver Facility
Vancouver, Washington

Well Number: EX
Sample Date:| 2/6/2007 | 12/16/2008 | 3/23/2009 | 6/18/2009 | 9/18/2009 | 12/18/2009 | 3/16/2010 | 6/17/2010 | 9/23/2010 | 12/21/2010 | 3/31/2011 ‘ 6/7/2011 ‘ 9/19/2011 | 12/9/2011 | 3/9/2012 | 6/22/2012 | 9/14/2012 | 12/14/2012 ‘ 3/15/2013 ‘ 6/14/2013 ‘ 9/20/2013 ‘ 12/16/2013 | 3/24/2014 | 6/23/2014 | 9/30/2014 | 12/15/2014 | 3/19/2015 | 6/18/2015 | 9/22/2015 | 12/8/2015 | 3/8/2016 | 6/17/2016 | 9/28/2016 | 12/12/2016 | 3/28/2017 | 6/14/2017 | 9/26/2017
Analyte Concentrations in pg/L (ppb)
Volatile Organic Compounds
Tetrachloroethene 2,810 4,500 1,400 24 2,100 700 150 150 2,400 900 6,800 1,400 4,100 <50 33 30 3.0 0.87 12 0.79 41 20 20 29 NS 22 170 186 302 94.4 274 592 394 4.3 6.1 95 0.82
Trichloroethene 564 830 420 1 380 56 33 39 220 99 910 170 460 <50 10 11 <15 <0.50 <0.50 <0.50 26 14 75 15 NS 2.7 56 42 61.9 213 711 90.8 549 0.96 19 3.0 0.63
cis-1,2-Dichloroethene 68.2 490 50 4.2 120 5.6 20 92 90 30 240 140 290 12,000 1,400 170 320 26 <0.50 16 71 34 30 160 NS 10 690 420 543 427 1,160 1,040 2,230 8.1 52 117 6.9
trans-1,2-Dichloroethene <100 <15.0 <5.0 <0.50 0.76 <25 <0.50 <0.50 0.53 <0.50 <4.0 <4.0 <5.0 93 8.6 13 <15 <0.50 <0.50 <0.50 0.68 <0.50 <0.50 0.97 NS <0.50 19 16 26 <0.50 36 <5.0 38 <0.50 <0.50 0.56 <0.50
Vinyl chloride <100 <15.0 <5.0 <0.50 11 <25 <0.50 22 18 0.71 51 <4.0 14 140 290 120 42 12 44 <0.50 30 28 1 38 NS <0.50 28 32 244 21 133 <5.0 128 51.9 <0.50 13 101
Ethene N/A N/A N/A N/A <10 55.6 <0.50 <10 <1.0 <1.0 191 <10 N/A 114 24.2 150 472 5.92 <1.0 <1.0 354 453 911 81.5 NS <10 <6.2 <100 <10 <10 <1.0 <10.0 N/A N/A 235 112 175
1,1-Dichloroethene <10.0 <15.0 <5.0 <0.50 33 <25 <0.50 <0.50 16 0.59 8.1 <4.0 1 19 <4.0 0.68 <15 <0.50 <0.50 <0.50 0.54 <0.50 <0.50 11 NS <0.50 21 26 37 <0.50 29 <5.0 35 <0.50 <0.50 <0.50 <0.50
1,1-Dichloroethane <100 54 <5.0 <0.50 41 <25 <0.50 0.97 15 0.83 8.2 <4.0 79 16 5.0 34 15 <0.50 <0.50 <0.50 19 38 0.80 29 NS <0.50 35 26 29 <0.50 4.0 <5.0 4.6 <0.50 <0.50 107 8.8
1,2-Dichloroethane <10.0 <15.0 <5.0 <0.50 <0.50 <25 <0.50 <0.50 <0.50 <0.50 <4.0 <4.0 <5.0 <5.0 <4.0 <0.50 <15 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 NS <0.50 <0.50 <0.50 <0.50 <0.50 <1.2 <5.0 <17 <0.50 <0.50 <1.0 <1.0
1,1,1-Trichloroethane 40 1 43 11 38 3.7 32 23 20 6.7 110 15 73 17 <4.0 0.59 <15 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 NS <0.50 25 0.88 0.65 <0.50 5.0 <5.0 25 <0.50 <0.50 <0.50 <0.50
Attenuation Chemistry
Total Organic Carbon (mg/L) I 145 3.30 3.0 N/A 4.9 18 24 33 36 <0.50 19 35 560 320 89 110 7 59 64 12 42 46 35 34 NS 158 <5.0 75 226 75 22 12 N/A N/A 347 14.0 255
Field Parameters
Dissolved Oxygen (mg/L) 0.24 0.74 0.47 0.37 0.60 213 0.88 0.84 0.93 0.91 - 0.70 0.63 123 0.14 123 0.15 0.25 0.37 0.54 0.43 166 051 0.41 NS 241 1.05 229 0.90 - 0.36 272 161 2.00 150 348 118
Oxidation Reduction Potential
(mV) 164.8 -1745 68.8 9.3 109.0 170.1 102.6 239.5 -521.6 1317 - 1152 907.9 -68.3 -33.6 -68.3 -29.5 33 67.0 158.8 -175.4 119 158.7 -50 NS -52.2 182 -35.2 237 - 1133 4.8 138.1 -24 89.9 -12.4 -140.5

Please refer to notes at end of table.
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Table 4

Interim Action: Groundwater Analytical Results

NuStar Vancouver Facility
Vancouver, Washington

Well Number: MW-12
Sample Date:| 6/7/2011 | 9/19/2011 | 12/7/2011 | 3/12/2012 | 6/22/2012 | 9/14/2012 | 12/13/2012 | 3/15/2013 | 6/13/2013 | 9/20/2013 | 12/16/2014 | 3/24/2014 ‘ 6/24/2014 ‘ 9/30/2014 ‘ 12/11/2014 ‘ 3/20/2015 | 6/19/2015 | 9/22/2015 | 12/8/2015 | 3/8/2016 | 6/16/2016 | 9/27/2016 | 12/14/2016 | 3/30/2017 | 6/12/2017 | 9/28/2017 | 11/9/2017
Analyte Concentrations in pg/L (ppb)
Volatile Organic Compounds
Tetrachloroethene 53 860 520 770 270 1,100 38 760 610 510 150 180 42 680 25 580 514 343 449 325 314 387 62.3 55.9 424 <17 <050
Trichloroethene 25 690 380 540 200 730 23 540 500 400 110 170 34 480 15 340 356 239 22 209 288 163 422 29.6 18.1 <17 <0.50
cis-1,2-Dichloroethene 59 4,700 2,900 3,800 1,700 5,400 62 4,300 4,800 3,400 800 1,900 310 3,500 34 2,110 2,570 2,250 40.1 1,380 3,310 867 744 1,120 893J 457 222
trans-1,2-Dichloroethene 10 55 33 45 39 73 0.97 56 53 49 10 25 23 45 0.64 29 25 234 0.72 16.2 316 114 23 6.1 76 54 16
Vinyl chloride <0.50 63 40 46 22 84 <0.50 54 59 50 9.8 47 <15 42 <0.50 37 311 225 <0.50 213 52.3 14.8 20.5 283 484 417 49.1
Ethene <1.0 NA 6.15 <1.0 <10 <1.0 <10 <1.0 <10 <10 <10 <1.0 <10 <10 <10 <6.2 <100 <10 <10.0 <10.0 <10.0 <10.0 <10.0 752 120 16.0 <10.0
1,1-Dichloroethene <0.50 45 28 44 16 58 <0.50 40 39 37 76 18 19 39 <0.50 25 282 16.9 <0.50 154 29.9 115 47 38 47 <17 <0.50
1,1-Dichloroethane 18 240 130 210 100 270 1.0 200 240 170 36 110 14 190 0.73 102 151 120 0.84 79.9 174 44 16.5 114 14.0 19.5 45
1,2-Dichloroethane <0.50 25 13 <15.0 <5.0 <15.0 <0.50 1.8 <15.0 1.6 <25 0.77 <15 <15.0 <0.50 <5.0 <100 <83 <0.50 <3.6 <8.4 <10.0 <10.0 <25 <31 <17 <0.50
1,1,1-Trichloroethane 0.70 65 34 48 13 76 0.53 53 46 37 5.8 8.6 16 36 <0.50 18 23.6 15.7 0.52 7.7 12.8 3.9 <10.0 <2.5 <3.1 <17 <0.50
Attenuation Chemistry
Total Organic Carbon (mg/L) I 0.94 8.3 59 65 56 100 49 95 62 110 23 41 13 93 19 4 4.8 4.4 16.5 55 3.7 5240 1930 490 530 243 326 J+
Field Parameters
Dissolved Oxygen (mg/L) 3.16 0.84 1.00 1 0.66 043 107 0.62 0.39 0.59 122 1.94 3.68 6.09 0.65 0.89 071 1.06 0.99 0.71 2.68 0.98 0.46 292 0.91 119 161
Oxidation Reduction Potential
(mV) 1104 906.3 1090 453 1171 140.7 128.6 117.3 205.2 -10.7 40.4 29.1 15 471 -110.0 75.7 102 65.3 28.1 62.2 59.7 2525 -91.3 -17.9 -34.2 -87.4 -119.0

Please refer to notes at end of table.
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Table 4

Interim Action: Groundwater Analytical Results

NuStar Vancouver Facility
Vancouver, Washington

Well Number: MW-24i
Sample Date:| 6/7/2011 | 9/16/2011 | 12/7/2011 | 3/12/2012 | 6/22/2012 | 9/14/2012 | 12/14/2012 | 3/15/2013 | 6/14/2013 | 9/20/2013 | 12/16/2013 | 3/24/2014 | 6/23/2014 ‘ 9/30/2014 ‘ 12/15/2014 ‘ 3/20/2015 ‘ 6/18/2015 | 9/22/2015 | 12/8/2015 | 3/8/2016 | 6/17/2016 | 9/28/2016 | 12/12/2016 | 3/30/2017 | 6/15/2017 | 9/26/2017 | 11/9/2017
Analyte Concentrations in pg/L (ppb)
Volatile Organic Compounds
Tetrachloroethene 6.6 27 19 30 0.85 31 21 23 6.2 15 6.7 10 13 20 24 6.1 <0.50 22 189 41 115 58 11 1.0 6.6 301 127
Trichloroethene 14 24 14 1 <0.50 20 0.65 15 36 59 34 55 5.2 10 11 31 <0.50 08 36.4 16 6.3 31 <0.50 <0.50 28 16.6 59
cis-1,2-Dichloroethene 20 270 100 79 14 58 51 48 28 15 8.4 16 13 21 12 5.9 34 47 18 35 78 5.4 <0.50 0.70 32 245 9.6
trans-1,2-Dichloroethene <0.50 17 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Vinyl chloride <0.50 19 75 45 26 <0.50 <0.50 <0.50 <0.80 <0.80 <0.50 <0.80 21 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Ethene <10 NA 229 2.03 152 <1.0 <10 <1.0 <10 <10 <1.0 <1.0 29.1 <10 <1.0 <6.2 <10.0 <1.0 <10 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 <10.0
1,1-Dichloroethene <0.50 25 0.84 <0.50 <0.50 0.87 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
1,1-Dichloroethane <0.50 13 50 59 18 44 <0.50 28 27 1.0 13 13 12 18 0.60 0.58 <0.50 19 0.74 <0.50 0.99 0.53 <0.50 <0.50 <0.50 21 1.1
1,2-Dichloroethane <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <10 <1.0 <0.50
1,1,1-Trichloroethane <0.50 5.6 29 23 <0.50 0.79 <0.50 0.57 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Attenuation Chemistry
Total Organic Carbon (mg/L) I 12 7.0 290 33 44 15 16 9.5 11 11 7.9 9.4 8.4 12.0 <1.0 <10 1.6 2.3 35 1.0 <10 5.3 15 3.4 12 12 13
Field Parameters
Dissolved Oxygen (mg/L) 6.40 0.61 3.50 211 3.50 0.40 211 0.79 0.39 192 3.08 3.16 470 201 6.27 10.28 1.08 1.85 1.36 175 312 2.58 5.64 5.24 372 121 311
Oxidation Reduction Potential
(mv) 59.0 646.9 -1475 -12 -1475 -54.0 6.3 131 130.2 -31.2 16.9 -55.4 -49.7 129.7 -139 38.6 -158.7 99.4 99.2 478 14.0 1239 26 143 -134 -10.7 -100.1

Please refer to notes at end of table.
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Table 4

Interim Action: Groundwater Analytical Results

NuStar Vancouver Facility
Vancouver, Washington

Well Number: MGMS2-40
Sample Date:| 6/7/2011 | 9/12/2011 | 12/7/2011 ‘ 3/8/2012 ‘ 6/19/2012 | 9/12/2012 | 12/11/2012 | 3/15/2013 | 6/11/2013 | 9/17/2013 | 12/16/2013 | 3/24/2014 | 6/26/2014 ‘ 9/23/2014 ‘ 12/12/2014 ‘ 3/20/2015 ‘ 6/19/2015 | 9/25/2015 12/8/2015 3/8/2016 | 6/17/2016 | 9/29/2016 | 12/16/2016 | 3/31/2017 | 6/15/2017 | 9/29/2017 | 11/9/2017
Analyte Concentrations in ug/L (ppb;
Volatile Organic Compounds
Tetrachloroethene 4,400 790 61 9.9 72 89 10 5.6 0.94 16 24 26 21 170 34 31 184 67.4 4.0 6.5 223 333 26 43 51 415 132
Trichloroethene 1,400 380 39 54 25 80 34 22 <0.50 17 14 18 22 110 23 22 128 45.9 28 6.2 146 248 19 144 49 313 9.2
cis-1,2-Dichloroethene 1,600 7,400 5,300 470 20 310 33 300 79 290 84 84 88 590 10 47 53.8 105 72 36.0 744 115 52 236 46.2 195 61.6
trans-1,2-Dichloroethene 17 20 <15.0 28 13 32 13 20 <0.50 14 <0.50 <0.50 0.84 24 <0.50 <0.50 <0.50 0.61 <0.50 <0.50 28 <0.50 <0.50 0.60 <0.50 0.74 0.52
Vinyl chloride 48 58 460 260 63 440 40 270 48 330 34 270 90 800 18 17 483 57.8 33 36 227 142 20 235 98.9 428 170
Ethene <1.0 NA 145 368 566 264 110 121 55.6 143 333 930 207 121 34 8.1 337 <10.0 22.8 63.7 31 N/A N/A N/A 128 474 95.7
1,1-Dichloroethene 30 28 <15.0 2.3 <0.50 2.8 <0.50 19 <0.50 48 <0.50 29 10 30 <0.50 39 13 42 <0.50 16 26.4 <0.50 <0.50 143 35 6.8 0.86
1,1-Dichloroethane 65 44 35 38 53 39 48 28 83 28 9.7 45 31 30 35 43 138 123 135 20.6 249 121 103 576 38.6 217 213
1,2-Dichloroethane <15.0 <15.0 <15.0 <20 <0.50 <15 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <10 <0.50
1,1,1-Trichloroethane 57 48 <15.0 52 <0.50 5.0 <0.50 25 <0.50 16 <0.50 <0.50 <0.50 32 <0.50 <0.50 <0.50 0.92 <0.50 <0.50 31 <0.50 <0.50 <0.50 <0.50 0.67 <0.50
Attenuation Chemistry
Total Organic Carbon (mg/L) I 2.2 110 300 290 500 140 280 81 110 98 110 120 120 94 79 8 1 109 79 74 38 N/A N/A N/A 7.0 6.4 6.2
Field Parameters
Dissolved Oxygen (mg/L) 0.86 2.63 6.28 122 6.28 116 0.55 0.33 0.42 0.27 119 1.06 222 131 141 20.02 135 9.67 6.14 5.52 1.60 5.16 0.80 0.68 129 1.03 1.24
Oxidation Reduction Potential
mv) 49.5 338.9 -137.9 -73.6 -137.9 -40.1 -82.3 -243 -116.7 -209.9 -41.9 -126.1 -23.7 -119.0 -162.1 -83.7 -117.5 -145.1 -96.9 -161.7 -12.2 1945 -28.1 -92.2 -109.6 -43.7 -113.3

Please refer to notes at end of table.
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Table 4

Interim Action: Groundwater Analytical Results

NuStar Vancouver Facility
Vancouver, Washington

Well Number: MW-13 | | | MW-26 | MGMS1-43 | MGMS3-40
Sample Date:| 9/28/2016 | 12/16/2016 | 3/30/2017 | 6/15/2017 | 9/27/2017 | 11/7/2017 I 9/27/2016 | 12/13/2016 | 3/27/2017 | 6/13/2017 | 9/26/2017 | 11/8/2017 I 9/26/2016 | 12/12/2016 | 3/28/2017 | 6/14/2017 | 9/26/2017 ‘ 11/9/2017 I 9/26/2016 ‘ 12/13/2016 ‘ 3/29/2017 | 6/13/2017 | 9/26/2017 | 11/8/2017 I 9/26/2016 | 12/16/2016 | 3/31/2017 | 6/12/2017 | 9/29/2017 | 11/7/2017 I 9/26/2016 | 12/16/2016 | 3/28/2017 | 6/12/2017 | 9/26/2017 | 11/10/2017
Analyte Concentrations in pg/L (ppb)
Volatile Organic Compounds
Tetrachloroethene 5,090 1,020 176 97.7 33 <4.2 100 0.56 147 58.3 62.4 39.3 1520 1,730 755 566 3,710 1,530 160 167 214 160 68.4 88.1 230 64.1 458 244 70.7 108 17 0.63 14 0.97 0.79 0.85
Trichloroethene 951 394 57.6 56.3 13 <4.2 218 0.97 334 204 265 160 592 975 896 506 1,480 1,020 288 410 452 311E,J 192 170 366 171 119 116 126 211 14 <0.50 0.60 <0.50 <0.50 <0.50
cis-1,2-Dichloroethene 148 509 101 272 3220 1,360 61.8 13 69.2 432 279 306 235 1,030 1,990 486 1160 1,660 61.1 85.9 170 113 192 204 1,980 1810 1,430 2,620 901 2,350 J- 226 13 1,050 17 0.69 8.0
trans-1,2-Dichloroethene <25 <5.0 <5.0 16 73 54 0.94 <0.50 <0.50 2.7 28 22 <5.0 11.6 215 6.2 54 24.0 16 20 <0.50 20 21 23 24.2 20.1 152 18.7 129 26.6 20 0.97 6.0 <0.50 <0.50 <0.50
Vinyl chloride <25 <5.0 <5.0 41 250 25.0 <0.50 <0.50 0.62 25 <0.84 091 10.1 319 63.2 172 11 115 <0.50 <0.50 <0.50 0.65 0.98 18 52 239 348 681 117 181 52.1 0.88 323 <0.50 <0.50 158
Ethene <10.0 <10.0 <10.0 NA <100 11.6 <10.0 <10.0 <10.0 NA <10.0 <10.0 <100 <10.0 <100 NA 443 118 N/A <10.0 <100 NA <100 <10.0 <100 <10.0 148 NA <100 <10.0 <100 55.2 68.1 NA 228 54.8
1,1-Dichloroethene <25 <5.0 <5.0 12 50 <4.2 21 <0.50 0.57 53 2.6 21 11.0 14.2 26.7 15.8 289 24.9 11 24 <0.50 19 10 15 135 95 125 16.7 6.9 137 0.60 <0.50 33 <0.50 <0.50 <0.50
1,1-Dichloroethane <25 <5.0 <5.0 <10 <1.0 <4.2 72 <0.50 <0.50 10 6.2 45 104 78.7 214 41.8 111 104 39 8.9 <0.50 6.7 51 4.8 819 926 90.8 173 60.1 153 45 1.0 225 33 11 43
1,2-Dichloroethane <25 <5.0 <5.0 <1.0 <10 <4.2 <0.50 <0.50 <0.50 <1.0 <0.84 <0.84 <5.0 <5.0 <5.0 <25 <25 0.75J- <0.50 <0.50 <0.50 <1.0 <1.0 <0.50 <8.3 <8.4 <84 <83 <25 <25 <050 <0.50 0.68 <0.50 <1.0 <0.50
1,1,1-Trichloroethane <2.5 <5.0 <5.0 <1.0 <1.0 <4.2 17 <0.50 <0.50 2.1 11 <0.84 14.5 155 19.9 8.2 40.4 20.2 24 33 <0.50 21 0.83 1.0 <8.3 <8.4 <8.4 <8.3 <25 <2.5 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Attenuation Chemistry
Total Organic Carbon (mg/L) I 33600 2220 341 N/A 55.8 85.5 8.8 5.1 5.1 N/A 38 85 19 8.1 4.8 N/A 8.1 6.9 I N/A 24 13 N/A 7.1 5.9 I 9.0 6.2 7.0 N/A 6.1 5.6 I 36.2 86.9 5.0 N/A 38 6.5
Field Parameters
Dissolved Oxygen (mg/L) 271 0.66 4.36 141 2.16 219 8.1 31 31 0.94 1.89 185 3.27 9.22 25 154 1.92 2.26 164 0.88 134 3.80 5.56 175 5.09 6.06 3.02 117 873 2.04 27 5.95 157 5.22 10.02 0.93
Oxidation Reduction Potential (mV) 158.7 -111.4 -61.8 -105.7 -103.9 -89.2 2212 55.0 55.0 61.3 80.6 106.9 174.4 175.2 35.8 227 185.2 -75.2 236.7 102.4 165.2 74.6 7.3 99.8 184.2 -175 -40.7 -109.8 90.7 745 165.3 -9.20 -125.8 -94.1 -82.8 -1116
Notes:
1. pg/L (ppb) = Micrograms per liter (parts per billion). 3. Ethene is analyzed by EPA Method RSK-175M. All other VOCs were analyzed by EPA Method 8260. 5. J=Resultis estimated based on review of laboratory data quality. 7. J+=Resultis estimated and may be biased high based on review of laboratory data quality.
2. NA=Not analyzed. 4. Boldface value represents detected concentration of listed analyte. 6. E = Analyte concentration exceeded the calibration range. Reported result is estimated. 8. J-=Resultis estimated and may be biased low based on review of laboratory data quality.
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Table 5

North SVE System — Operation Monitoring

NuStar Vancouver Facility
Vancouver, Washington

Branch 4 Branch 5 Post Blower
Date Notes
PID Pressure PID Pressure PID Pressure

10/12/2011 0.0 -13.0 0.0 -12.0 7.2 0.1
11/2/2011 - -25.0 6.7 -25.0 -
11/17/2011 0.8 -16.0 6.9 -16.0 7.0 0.1 PID complications; Routinely reported error code. Potential moisture issues.
12/5/2011 - - - System off on arrival and would not restart. Contractor identified electrical issues. Blower removed for replacement.
12/14/2011 - - - System not operating, pending blower replacement. Blower reinstalled January 10, 2012
1/23/2012 -15.0 6.5 -15.0 3.9 0.1 Water in sample port of Branch 4, could not get PID reading
2/17/2012 0.1 -11.0 0.9 -11.0 29 1.0
3/22/2012 6.8 -12.0 54 -12.0 13 0.05
4/26/2012 13 -4.2 6.4 -4.0 1.0 0.05
5/23/2012 0.1 -3.4 32 -3.4 04 -
6/20/2012 0.0 -2.8 0.0 2.7 0.1 0.2
712412012 32 -3.2 9.2 -3.2 0.2 04 Used Rental PID.
8/22/2012 04 2.4 1.0 2.4 0.0 0.2
9/25/2012 0.1 -1.7 0.5 -1.7 0.0 0.2 Used ACA PID #3.
10/29/2012 - - - System not operating.
11/26/2012 8.4 -4.0 9.2 -4.0 3.0 0.05 Used ACA PID #3.
12/21/2012 0.1 -0.63 0.0 -0.62 0.0 0.1 Used ACA PID #3.
1/24/2013 10.4 -0.45 0.0 -0.15 0.5 0.1 Used ACA PID #3.
2/28/2013 371 -0.22 21 -0.15 13 0.1 Used ACA PID #3.
3/25/2013 - - - System not operating.
4/29/2013 - - - System not operating.
5/24/2013 04 -23.0 0.1 -23.0 7.9 0.1 Used APEX PID #3.
6/25/2013 -20.0 - -20.0 0.1
7/25/2013 6.6 -20.0 13.3 -20.0 6.1 0.1 Used APEX PID #3.
8/27/2013 1.9 -18.0 16.9 -18.0 6.8 0.1 Used APEX PID #3.
9/30/2013 0.0 -20.0 0.0 -20.0 21 0.1 Used APEX PID #3.
10/24/2013 13 -20.0 12 -20.0 23 0.1 Used APEX PID #3.
11/25/2013 0.3 -23.0 0.2 -23.0 11 0.1 Used APEX PID #3.
12/27/2013 1.0 -21.0 0.6 -21.0 2.6 0.1 Used APEX PID #1

Please refer to notes at end of table.
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Table 5

North SVE System — Operation Monitoring
NuStar Vancouver Facility
Vancouver, Washington

Branch 4 Branch 5 Post Blower
Date Notes
PID Pressure PID Pressure PID Pressure

1/29/2014 0.2 -20.0 0.1 -20.0 0.0 3.0

2/24/2014 2.4 -20.0 2.6 -20.0 2.6 9.0 Used APEX PID #3.
3/31/2014 0.3 -20.0 1.0 -20.0 0.2 1.0 Used APEX PID #4
4/29/2014 2.0 -20.0 14 -20.0 0.0 2.0

5/27/2014 2.0 -20.0 13 -20.0 0.9 2.0

71312014 05 -20.0 0.3 -18.0 04 4.0

7/28/2014 4.0 -20.0 2.6 -19.0 0.1 3.0 Used APEX PID #3.
8/25/2014 -20.0 -19.0 3.7 35 Used APEX PID #3.
9/30/2014 2.1 -17.0 0.6 -17.0 17 -
10/27/2014 0.4 -26.0 14 -26.0 2.3 2.0 Used APEX PID #3.
11/25/2014 0.3 -21.0 15 -20.0 05 - Used APEX PID #3.
12/29/2014 20.2 -25.0 321 -25.0 2.0 Used APEX PID #3.
1/26/2015 2.0 -25.0 3.2 -25.0 0.7 3.0 Used APEX PID #3. Knockout drum emptied.
2/26/2015 0.0 -22.0 0.0 -25.0 0.0 0.1

3/30/2015 0.0 -23.0 0.2 -27.0 0.0 04 Used APEX PID #3.
4/24/2015 0.0 -23.0 0.2 -27.0 0.0 04

5/28/2015 55 -26.0 4.8 -26.0 55 0.05

7/29/2015 75 -17.0 0.3 -17.0 05 0.10 Used APEX PID #3.
8/31/2015 0.0 -11.0 0.0 -10.0 0.9 0.05 Used APEX PID #3.
9/28/2015 0.6 -12.0 2.4 -12.0 1.8 0.00 Used APEX PID #3.
10/29/2015 05 -12.0 0.3 -13.0 2.9 1.00 Used APEX PID #3.
11/30/2015 0.0 -13.0 0.2 -13.0 0.0 2.00 Used APEX PID #3.
12/28/2015 0.0 -17.0 9.0 -18.0 0.0 0.10 Used APEX PID #3.

2/1/2016 304 -28.0 0.0 -25.0 2.6 3.00 Used APEX PID #3.
2/29/2016 0.0 -13.0 0.0. -13.0 0.0 0.10 Used APEX PID #3.
3/29/2016 0.0 -12.0 0.0 -12.0 0.0 0.20 Used APEX PID #3.
4/27/2016 0.2 -11.0 0.0 5.0 0.0 1.00 Used APEX PID #3. North SVE system turned off.
5/25/2016 - - - - North SVE system interntionally turned off for approx . 60 days to evaluate system efficiency.
6/28/2016 204 -23.0 14.3 -23.0 0.9 0.10 Used APEX PID #3.

Please refer to notes at end of table.
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Table 5

North SVE System — Operation Monitoring
NuStar Vancouver Facility

Vancouver, Washington

Branch 4 Branch 5 Post Blower
Date Notes
PID Pressure PID Pressure PID Pressure
7/26/2016 0.0 -20.0 04 -20.0 0.6 1.20 Used APEX PID #3.
9/29/2016 1.0 -16.0 0.0 -15.0 0.0 0.10 Used APEX PID #3.
10/25/2016 04 -14.0 0.0 -14.0 0.0 0.10 Used APEX PID #3.
11/28/2016 0.0 -12.0 0.0 -12.0 0.0 0.10 Used APEX PID #3.
12/28/2016 0.0 -12.0 0.0 -12.0 0.0 0.10 Used APEX PID #3.
1/30/2017 0.0 5.0 0.0 5.0 0.0 0.10 Used APEX PID #3.
2/28/2017 12.5 -15.0 8.7 -14.0 1.0 0.10
3/28/2017 0.0 -20.0 0.0 -20.0 0.1 0.00 Used Mini Rae 3000.
4/24/2017 0.8 -20.0 0.0 -20.0 2.0 0.10 Used APEX PID #3.
Notes:

I A

PID readings in parts per million (ppm), calibrated to 100 ppm isobutylene.

Pressure readings in inches of water, measured with magnahelic gauge.

NM = Not measured.

-- = Not available; branch not in use or no measurement collected during the site visit.

NA = Not available; photoionization detector (PID) malfunction.
* = During the 11/2/2011 monitoring event, PID malfunctioned while monitoring Branch 4. Instrument readings would not stabilize.
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Table 6

North SVE System — Analytical Results
NuStar Vancouver Facility
Vancouver, Washington

111- Ll cisl2- | trans-1,2- Methylene | Tetrachloro- Trichloro-|  Vinyl
Sampling Location Sample ID Date Trichloro- | Dichloro- | Dichloro- | Dichloro- Chiloride ethene Toluene ethene | Chloride
ethane | ethene | ethene | ethene
Concentrations in pg/m3

System Effluent North_EFF-20111012 10/12/2011 69 <16 160 <16 <14 9,500 16 700 <10
System Effluent Post Blower_North_012312 1/23/2012 <170 <120 <120 <120 <110 16,000 <120 530 <79
System Effluent North_Effluent 0121712 211712012 <140 <100 <100 <100 <91 11,000 <99 300 <67
System Effluent North Effluent-032212 3/22/2012 <28 <54 <27 <27 <23 6,600 <25 140 <8.6
System Effluent North_Effluent_062012 6/20/2012 <16 <32 <1.6 <16 5.3 250 <15 15 <0.51
System Effluent North_Effluent_082212 8/22/2012 <1.6 <3.2 <1.6 <1.6 <14 140 <15 11 <0.51
System Effluent North_Effluent_112612 11/26/2012 39 <14 52 <7.1 <6.2 22,000 <6.8 510 <4.6
System Effluent North_Effluent_122112 12/21/2012 <31 <59 <30 <30 <26 3,500 <28 61 <19
System Effluent North_Effluent 022813 2/28/2013 <36 <70 <35 <35 <31 4,400 <33 160 <22
System Effluent SVE North 5/24/2013 <240 <170 280 <170 <380 23,000 <160 1,100 <110
System Effluent SVE North 6/25/2013 76 <51 88 <51 <110 13,000 <49 730 <33
System Effluent SVE North 8/27/2013 <150 <110 <110 <110 <230 17,000 <100 800 <69
System Effluent SVE North Effluent 10/24/2013 <82 <60 <60 <60 <130 10,000 <57 570 <39
System Effluent SVE North Effluent 12/27/2013 <44 <32 <32 <32 <69 7,000 <30 470 <20
System Effluent SVE North Effluent 1/29/2014 <10 <40 22 <40 <87 1,300 <38 110 <26
System Effluent SVE_North_Post Carbon 212412014 55 <83 68 <41 <36 8,700 <39 760 <27
System Effluent SVE North Post Carbon 3/5/2014 25 <39 29 <20 <17 4,600 <19 300 <13
System Effluent VCP_North_Effluent 3/31/2014 19 <13 18 <13 <28 3,500 <12 200 <8.2
System Effluent North_SVE_Effluent 042914 | 4/29/2014 22 <15 17 <15 <33 3,500 <14 220 <9.8
System Effluent North_SVE_Effluent 052714 | 5/27/2014 <31 <23 <23 <23 <50 4,100 <22 280 <15
System Effluent North_VCP_Effluent 7/3/2014 <23 <17 20 <17 <37 4,500 <16 290 <11
System Effluent SVE North 71282014 <120 <88 <88 <88 <190 7,200 <84 460 <22
System Effluent North SVE 9/30/2014 <48 <35 48 <35 <76 7,300 <33 480 <22
System Effluent SVE North Effluent 10/27/2014 <110 <80 <80 <80 <180 15,000 <76 410 <52
System Effluent SVE North 11.25.14 11/25/2014 <39 <28 <28 <28 <62 7,100 <27 390 <18
System Effluent SVENorth122914 12/29/2014 <140 <99 <99 <99 <220 15,000 <94 290 <64
System Effluent SVE North 1/26/2015 16 <31 <16 <16 <14 1,500 <15 130 <10
System Effluent SVE North 212612015 <1.6 <3.2 <1.6 <1.6 <15 32 <15 <21 <1.0
System Effluent SVE North 3/30/2015 15 <9.6 9.5 <4.8 <4.2 1,700 <4.6 130 <3.1
System Effluent SVEN 4/24/2015 <85 <16 <8.2 <8.2 <72 550 <7.8 50 <53

Please refer to notes at end of table.
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Table 6
North SVE System — Analytical Results
NuStar Vancouver Facility

Vancouver, Washington

111- Ll cisl2- | trans-1,2- Methylene | Tetrachloro- Trichloro-|  Vinyl
. . Trichloro- | Dichloro- | Dichloro- | Dichloro- ) Toluene .
Sampling Location Sample ID Date ethane ethene | ethene | ethene Chloride ethene ethene | Chloride
Concentrations in pg/m3
System Effluent SVE North 5/14/2015 <1.6 <3.2 <1.6 <1.6 <14 2.7 <15 <21 <1.0
System Effluent SVE North 5/28/2015 <3.8 <7.3 <3.6 <3.6 <3.2 360 3.6 8.0 <24
System Effluent SVE North 7/29/2015 19 <33 21 <16 <14 2,000 <16 210 <11
System Effluent SVE North 8/31/2015 65 <65 62 <33 <28 7,100 <31 600 <21
System Effluent SVE North 9/28/2015 21 <22 <11 <11 <9.7 1,400 <11 190 <7.1
System Effluent SVE North 10/29/2015 <56 <110 59 <55 <48 6,300 <52 550 <35
System Effluent SVE_North_Effluent_113015 | 11/30/2015 <54 <140 <72 <72 <72 2,300 <72 86 <72
System Effluent SVE_North_Effluent_122815 | 12/28/2015 <32 <62 <31 <31 <27 5,600 <30 110 <20
System Effluent North_Effluent_020116 2/1/2016 <53 <100 <51 <51 <45 11,000 <48 150 <33
System Effluent SVE_North_Effluent_022916 2/29/2016 30 <33 29 <16 <14 7,800 <16 160 <11
System Effluent SVE_North_Effluent_032916 3/29/2016 19 <14 <7.2 <7.2 <6.3 920 <6.9 19 <4.7
System Effluent North_Effluent 4/27/2016 <15 <29 <14 <14 <13 1,500 <14 75 <9.2
System Effluent North_Effluent 62816 6/28/2016 <11 <22 <11 <13 <9.6 1,800 <10 83 <7.1
System Effluent SVE-North-Effluent 72616 7/26/2016 <1.6 <3.2 <1.6 <1.6 <14 84 2.0 6 <1.0
System Effluent SVE-North-Effluent 83016 8/30/2016 <0.30 <0.80 <0.40 <0.40 <0.40 54 <0.40 2 <0.40
System Effluent SVE_North_Effluent_092916 | 9/29/2016 <1.6 <3.2 <1.6 <1.6 <14 15 <15 <21 <1.0
System Effluent SVE_North_Effluent_102516 | 10/25/2016 <1.6 <3.2 <1.6 <1.6 <14 7.9 3.0 <21 <1.0
System Effluent SVE_North_Effluent 112816 | 11/28/2016 <1.6 <3.2 <1.6 <1.6 <14 2.8 39 <21 <1.0
System Effluent SVE_North_Effluent_122816 | 12/28/2016 <1.6 <3.2 <1.6 <1.6 <14 2.7 1.7 <21 <1.0
System Effluent SVE_North_Effluent_013017 1/30/2017 <1.6 <3.2 <1.6 <1.6 <14 2.7 4.6 <21 <1.0
System Effluent SVE_North_Effluent_022817 | 2/28/2017 <1.6 <3.2 <1.6 <1.6 <14 5.9 <15 <21 <1.0
System Effluent SVE_North_Effluent_032817 | 3/28/2017 <1.6 <3.2 <1.6 <1.6 <14 3.2 2.9 <21 <1.0
System Effluent SVE_North_Effluent 4/24/2017 <1.6 <3.2 <1.6 <1.6 <14 3.9 3.7 <21 <1.0

Notes:
pg/m® = Micrograms per cubic meter.

Samples analyzed by Modified EPA Method TO-15.
Only analytes detected in at least one sample are presented in this table.
Bold values represents detected concentration of listed analyte.

1.

2.
3.
4
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Table 7

South SVE System — Operation Monitoring

NusStar Vancouver Facility
Vancouver, Washington

Pre-Blower Post Blower (Pre- Post Carbon 1 Post Carbon 2
Date Carbon) Notes
PID Pressure PID Pressure PID Pressure PID Pressure

10/12/2011 - -14.0 17.1 24.0 0 12.0 0.2 4.0 -
10/18/2011 - -14.0 15.5 - 155 14.0 0.5 3.0 Pre-carbon, post blower tap is now covered by noise suppression panels.
11/2/2011 - -15.0 182 26.0 0.0 26.0 2.0 7.0 -
11/17/2011 - -18.0 8.9 27.0 15.0 6.8 -
121502011 83 180 10.7 39.0 0.0 19.0 22 6.1 System switch off upon arrival. Systemhgeusrtsa:fetg rl(\e/I;;irt:)ring event conducted approximately 3
12/14/2011 11.8 -19.0 21.0 28.0 0.0 18.0 0.7 6.2 -

1/9/2012 73 -17.0 8.3 29.0 0.0 18.0 0.0 6.2 -
1/23/2012 7.0 -17.0 8.9 29.0 0.0 17.0 0.0 6.9 -
211712012 6.0 -18.0 11.2 29.0 0.0 18.0 0.0 6.0 -
3/22/2012 133 -16.0 10.7 27.0 0.0 15.0 0.0 6.5 -
4/26/2012 10.3 -17.0 11.6 27.0 0.0 16.0 0.0 6.4 -
5/23/2012 10.4 -20.0 10.6 31.0 0.0 19.0 0.0 6.6 -
6/20/2012 73 -21.0 75 33.0 0.5 20.0 0.0 6.3 -
712412012 19.8 -20.0 415 32.0 226.3 20.0 98.8 6.2 Used rental PID.
8/22/2012 8.0 -48.0 10.1 29.0 55 18.0 11 4.6 -
9/25/2012 10.0 -46.0 13.7 29.0 95 15.0 128 43 Used ACA PID #3.
10/29/2012 8.4 -34.0 18.6 47.0 0.3 28.0 129 43 Used ACA PID #3; Carbon change-out on 10/29/2012
11/26/2012 13.7 <-100 16 18.0 0.1 6.6 31 0.66 Used ACA PID #3.
12/21/2012 05 -107 05 17.0 0.0 6.1 0.0 0.49 Used ACA PID #3.
1/24/2013 5.1 -105 05 10.0 0.0 6.5 0.0 0.61 Used ACA PID #3.
2/28/2013 28 -105 0.1 18.0 0.0 7.0 0.0 0.60 Used ACA PID #3.
3/25/2013 8.4 -102 0.9 16.0 0.1 7.0 0.0 0.58 Used Apex PID #3
412912013 0.2 -08 04 15.0 0.0 6.3 0.1 0.49 Used Apex PID #3
5/24/2013 410 -18 49.7 47.0 0.2 26 0.7 5.0 Used Apex PID #3
6/25/2013 - -15 - 51.0 - 31 - 5.1 -
7/25/2013 123 -16 139 50.0 0.7 32 0.5 6.0 Used Apex PID #3
8/27/2013 132 -16 121 52.0 38 31 12 5.2 Used Apex PID #3
9/30/2013 5.2 -15 15.4 45,0 274 30 0.4 5.2 Used Apex PID #3
10/24/2013 31 -14 132 50.0 6.8 32 15 5.2 Used Apex PID #3
11/25/2013 14 -19 19.3 51.0 124 35 2.8 53 Used Apex PID #3
12/27/2013 03 -19 7.7 55.0 31 32 0.0 5.4 Used Apex PID #1
1/29/2014 2.4 -19 6.7 50.0 57 30 0.2 10.0 -
2/24/2014 7.7 -19 19.7 50.0 24 30 14 10.0 Used Apex PID #3
3/31/2014 26 -15 4.6 46.0 54 30 0.0 8.0 Used APEX PID #4
4/29/2014 2.0 -14 3.4 488 9.7 30 0.0 8.0 -
5/27/2014 35 -14 5.0 49.0 102 28 0.1 7.0 -
7312014 16 -18 2.4 50.0 14 30 0.1 10.0 -
712812014 85 -19 9.0 50.0 11.0 30 8.7 8.0 Used Apex PID #3
8/25/2014 46 17 75 49.0 15.8 26 11.0 7.0 Used Apex PID #3

Please refer to notes at end of table.
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Table 7

South SVE System — Operation Monitoring
NusStar Vancouver Facility

Vancouver, Washington

Pre-Blower Post Blower (Pre- Post Carbon 1 Post Carbon 2
Date Carbon) Notes
PID Pressure PID Pressure PID Pressure PID Pressure
9/30/2014 05 -14 52 40.0 40 28 27 5.0 -
10/27/2014 - - - - - - - - System off upon arrival. Unable to turn back on.
11/3/2014 5.0 -20 23.0 50.0 131 20 146 8.0 Used Apex PID #3
11/25/2014 - - - - - - - - System off for drum replacement.
12/29/2014 - - - - - - - - System off.
1/26/2015 27.1 -25 34.6 20.0 1.0 17 0.0 10.0 Used Apex PID #3
2/26/2015 0.8 -20 12.9 30.0 0.2 19 0.1 8.0 -
3/30/2015 0.4 -20 142 29.0 0.1 20 0.1 8.0 Used Apex PID #3
42412015 0.4 -20 142 29.0 01 20 0.1 8.0
5/28/2015 1.0 -20 57.5 28.0 63.6 17 33.0 7.0 -
7/29/2015 0.0 -16 14.1 25.0 9.6 14 12 5.0 Used Apex PID #3
8/31/2015 0.0 -20 12 26.0 6.9 14 18 6.0 Used Apex PID #3
9/28/2015 3.0 -20 74 26.0 38 16 11 6.0 Used Apex PID #3
10/29/2015 9.0 22 112 27.0 76 16 0.2 8.0 Used Apex PID #3
11/30/2015 - -18 7.0 30.0 33.6 18 04 6.0 Used Apex PID #3
12/28/2015 - -18 125 29.0 13 18 04 8.0 Used Apex PID #3
2/1/2016 0.1 24 03 19.0 9.2 16 0.0 7.0 Used Apex PID #3
2/29/2016 0.2 -18 25.2 30.0 85 17 23 6.0 Used Apex PID #3
3/29/2016 0.0 -19 54.0 28.0 132 16 34 7.0 Used Apex PID #3
412712016 5.0 -28 320 50.0 21.3 0.2 22.3 1.0 Used Apex PID #3
5/25/2016 0.2 -100 03 3.0 23.2 2 9.7 0.6 Used Apex PID #3
6/28/2016 - - - - - - - - System shut down
712612016 8.1 -20 304 30.0 26.2 20 18.1 10.0 Used Apex PID #3
9/29/2016 26.3 -18 274 28.0 36.7 16 35.7 6.0 Used Apex PID #3
10/25/2016 08 -18 133 30.0 58.0 18 77 8.0 Used Apex PID #3
11/28/2016 0.0 22 70.1 30.0 78.0 18 54.2 8.0 Used Apex PID #3
12/28/2016 0.0 -100 0.0 2.0 04 1.0 1.0 1.0 Bleeder valve appears damaged. No sample collected. Turned system off prior to departure.
1/30/2017 0.0 22 52.3 33.0 0.0 20.0 0.0 10.0 Used Apex PID #3
2/28/2017 - - - - - - - - No sample collected.
System not working properly. Knock out drum valve was pulled down and sucking in ambient air.
812812017 N N - - ) ) ) ) No sample collected.
412412017 - - - - - - - - Could not get valved to operate properly. System pulling in ambient air.
7/31/2017 0.0 -18 318 31.0 31.2 18.0 21.2 8.0 Used Apex PID #3
8/28/2017 0.0 -18 75.0 320 60.0 18.0 50.1 9.0
9/25/2017 39.2 -18 32.7 30.0 19.7 18.0 20.6 75 Used Apex PID #3
10/26/2017 28 22 21.7 30.0 19.0 18.0 174 7.0 Used Apex PID #3
11/29/2017 52 -20 68.0 30.0 54.0 18.0 56.0 7.0
12/21/2017 0.3 -20 12.4 30.0 6.7 18.0 5.6 8.0 Pre-Carbon was not sampled due to sampling canister malfunction.
Notes:
1. PID readings in parts per million (ppm), calibrated to 100 ppm isobutylene.
2. Pressure readings in inches of water, measured with magnahelic gauge.
3. NM = Not measured.
4. --=Not available or not applicable.
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Table 8
South SVE System — Analytical Results
NuStar Vancouver Facility

Vancouver, Washington

LI LI cis12- | rans-L,2- Methylene |Tetrachlor LLL - richioroet Vinyl Total
Sampling Location Sample ID Date Dichloroet  Dichloroet, Dichloroet  Dichloroet Chloride | oethene Toluene Trichloroet hene chloride | Xylenes
hane hene hene hene hane
Concentrations in yg/m

Pre Carbon INF 1006 10/6/2011 <330 <320 470 <320 <280 40,000 <300 520 5,100 <210 <350
Post Carbon EFF 1006 10/6/2011 <16 <16 390 <16 <14 <27 <15 140 50 <10 <17
Pre Carbon Post Blower 110211 11/2/2011 <290 <280 430 <280 <250 26,000 <270 <390 2,100 <180 <310
Pre Carbon SOUTHSVE_PRECARBON_121411 12/14/2011 <580 <570 620 <570 <500 54,000 <540 <780 2,800 <360 <620
Post Carbon SOUTHSVE_POSTCARBON_121411 12/14/2011 <16 35 23 <16 17 1,600 <15 78 1,300 12 <17
Post Carbon POST CARBON_SOUTH_012312 1/23/2012 <16 <16 <16 <16 <14 <27 <15 <22 <21 <10 <17
Pre Carbon South_PreCarbon_021712 2/17/2012 <300 <300 460 <300 <260 28,000 <280 <410 1,200 <190 <330
Post Carbon South_PostCarbon_021712 211712102 <16 <16 <16 <16 <14 <27 <15 <22 <21 <17 <10
Pre Carbon South Influent - 032212 3/22/2012 <190 <190 310 <95 <84 30,000 <91 99 960 <31 <100
Post Carbon South Effluent - 032212 3/22/2012 <1.2 <3.2 <16 <16 4 <27 <15 <16 <21 6.4 <35
Pre Carbon South_SVE_PRECARBON 412612012 <210 <560 <280 <280 <240 32,000 S <270 <290 640 S <90 <610
Post Carbon South-SVE_POSTCARBON 412612012 <12 <3.2 <16 <16 4 <27 <15 <16 <21 24 <35
Pre Carbon SOUTH_SVE_PRECARBON 5/23/2012 <100 <260 200 <130 <120 19,000 <130 <140 780 <43 <290
Post Carbon South_SVE_PRECARBON 5/23/2012 <1.2 <3.2 <16 <16 3 <27 <15 <16 <21 37 <35
Pre Carbon South_PreCarbon_062012 6/20/2012 <240 <630 360 <320 <280 35,000 <300 <330 1,400 <100 <1040
Post Carbon South_PostCarbon_062012 6/20/2012 <0.30 <0.80 <0.40 <0.40 1.0 <0.40 <0.40 <0.30 <0.40 1.2 <1.2
Pre Carbon South_PreCarbon_072412 712412012 <150 <390 240 <200 <170 33,000 <190 <200 1,100 <63 <640
Post Carbon South_PostCarbon_072412 712412012 <1.2 11 <16 <16 3.0 <2.7 2.2 <16 <21 39 <5.2
Pre Carbon South_PreCarbon_082212 8/22/2012 <250 <660 760 <330 <290 47,000 <310 <340 2,000 <110 1,080
Post Carbon South_PostCarbon_082212 8/22/2012 <21 <55 <27 <27 <24 <47 <26 <28 <37 <8.8 <90
Pre Carbon South_PreCarbon_092512 9/25/2012 <270 <700 500 <400 <310 50,000 <330 <360 1,900 <230 <770
Post Carbon South_PostCarbon_092512 9/25/2012 13 18 1,200 11 5.7 <2.7 <15 <16 <21 6.2 <35
Pre Carbon South_PreCarbon_102912 10/29/2012 <320 <850 440 <480 <370 60,000 <400 <440 2,200 <270 <930
Post Carbon South_PostCarbon_102912 10/29/2012 <5.3 <14 <7 <7 <7 <7 <7 <7 <7 <7 <14
Pre Carbon South_PreCarbon_112612 11/26/2012 <95 <250 <120 <120 <110 10,000 <120 <130 530 <80 <410
Post Carbon South_PostCarbon_112612 11/26/2012 <2.7 <7.2 <3.6 <3.6 <3.6 <3.6 <3.6 <2.7 <3.6 <3.6 <10.8
Pre Carbon South_PreCarbon_122112 12/21/2012 <71 <190 110 <93 <82 14,000 <89 <96 600 <60 <300
Post Carbon South_PostCarbon_122112 12/21/2012 <1.2 <3.2 <1.6 <1.6 1.6 <2.7 <15 <16 <21 3.0 <5.2
Pre Carbon South_PreCarbon_012413 1/24/2013 <9.2 <24 14 <12 <11 1,700 <11 <12 100 <7.8 <39
Post Carbon South_PostCarbon_012413 1/24/2013 <1.2 <3.2 <1.6 <1.6 33 <2.7 <15 <1.6 <21 37 <5.2
Pre Carbon South_PreCarbon_022813 2/28/2013 <5.9 <15 85 <71.7 <6.7 940 <7.3 <7.9 84 <5.0 <25.4
Post Carbon South_PostCarbon_022813 212812013 <1.2 <3.2 <16 <16 8.1 <2.7 <15 <16 <21 <1.0 <5.2
Pre Carbon South_PreCarbon_032513 3/25/2013 <29 <75 <38 <38 <33 3,700 <36 <39 160 <24 <123
Post Carbon South_PostCarbon_032513 3/25/2013 <1.2 <3.2 <16 <16 2.0 <2.7 <15 <16 <21 2.0 <5.2
Pre Carbon SVE South Pre Carbon 4/29/2013 <6.3 <16 10 <8.2 <7.2 950 <7.8 <8.4 48 <5.3 <26.9
Post Carbon SVE South Post Carbon 4/29/2013 <0.30 <0.80 <0.40 <0.40 <0.40 <0.40 <0.40 <0.30 <0.40 0.93 <1.2
Pre Carbon SVE South Pre Carbon 5/24/2013 <1,100 <1,100 2,400 <1,100 <2,400 240,000 | <1,100 <1,500 8,400 <720 <4,300
Post Carbon SVE South Post Carbon 5/24/2013 <0.81 <0.79 <0.79 <0.79 <17 <14 <0.75 <11 <11 <0.51 <31

Please refer to notes at end of table.
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Table 8

South SVE System — Analytical Results
NuStar Vancouver Facility

Vancouver, Washington

LI LI cis12- | rans-L,2- Methylene |Tetrachlor LLL - richioroet Vinyl Total
Sampling Location Sample ID Date Dichloroet  Dichloroet, Dichloroet  Dichloroet Chloride | oethene Toluene Trichloroet hene chloride | Xylenes
hane hene hene hene hane
Concentrations in yg/m

Pre Carbon SVE South Pre Carbon 6/25/2013 <150 <150 630 <150 <330 39,000 <140 <210 1,800 <97 <570
Post Carbon SVE South Post Carbon 6/25/2013 <0.81 8.1 3.8 <0.79 5.6 <14 <0.75 <11 <11 31 <31
Pre Carbon SVE South Pre Carbon 71252013 <120 <120 380 <120 <260 22,000 <110 <160 1,200 <77 <460
Post Carbon SVE South Post Carbon 7/25/2013 <0.81 17 65 21 34 <14 12 <11 <11 2.6 14
Pre Carbon SVE South Pre Carbon 8/27/2013 <150 <150 520 <150 <330 28,000 <140 <210 1,500 <97 <580
Post Carbon SVE South Post Carbon 8/27/2013 33 13 270 7.0 4.7 <27 <15 <22 <21 37 <6.0
Pre Carbon SVE South Precarbon 9/30/2013 <110 <110 450 <110 <240 26,000 <110 <150 1,400 <72 <420
Pre Carbon SVE South Pre Carbon 10/24/2013 <140 <140 430 <140 <310 27,000 <130 <190 1,100 <90 <530
Post Carbon SVE South Post Carbon 10/24/2013 3.8 4.9 390 33 <5.2 4.3 <23 54 <32 2.6 <5.1
Pre Carbon SVE South Pre Carhon 11/25/2013 <100 <98 250 <98 <220 21,000 <93 <140 840 <63 <380
Post Carbon SVE South Post Carbon 11/25/2013 <2.8 4.1 250 <2.8 7.3 <4.8 <2.6 17 56 <18 <10.6
Pre Carbon SVE South Pre Carbon 1212712013 <110 <110 270 <110 <240 20,000 <100 <150 900 <70 <420
Post Carbon SVE South Post Carbon 12/27/2013 25 45 220 2.4 38 35 <11 6.8 62 <0.77 <4.6
Pre Carbon SVE South Pre-Carbon 1/29/2014 <80 <79 260 <79 <170 20,000 <75 <110 800 <51 <306
Post Carbon SVE South Post-Carbon 1/29/2014 45 7.2 330 4.8 <8.7 7.9 <38 13 98 31 <15.3
Pre Carbon SVE_South_Pre_Carbon 212412014 <190 <490 430 <240 240.0 34,000 600 <250 1,500 <160 <800
Post Carbon SVE_South_Effluent 212412014 <1.2 <3.2 41 <16 <14 <27 <15 <16 <21 <10 <5.2
Pre Carbon SVE South Pre Carbon 3/5/2014 <110 <280 270 <140 <120 16,000 660 <140 660 <90 1,090
Post Carbon SVE South Effluent 3/5/2014 37 <8.3 310 42 44 <71 <4.0 <43 21 <27 <137
Pre Carbon VCP_South_Post_Blower 3/31/2014 <83 <82 260 <82 <180 20,000 <78 <110 630 <53 <309
Post Carbon VCP_South_Effluent 3/31/2014 33 4.9 290 4.2 <4.3 <34 <19 33 21 1.4 <7.6
Pre Carbon South_SVE_Postblower_042914 4/29/2014 <47 <46 180 <46 <100 13,000 <44 <63 550 <30 <180
Post Carbon South_SVE_Effluent_042914 4/29/2014 5.1 5.0 540 <4.8 <11 <8.2 <4.6 <6.6 37 <31 <18.3
Pre Carbon South_SVE_Postblower_052714 5/27/2014 <57 <55 160 <55 <120 12,000 <53 <76 490 <36 <201
Post Carbon South_SVE_PostCarbon_052714 5/27/2014 5.0 <4.8 530 <4.8 <11 <8.2 <4.6 14 8.1 <31 <18.3
Pre Carbon South_VCP_Post Blower 713/2014 <18 <18 56 <18 <45 2,800 <18 <18 150 <18 <63
Post Carbon South_VCP_Post Carbon 7132014 <16 <16 760 <16 <35 55 <15 430 3,200 <10 <60
Pre Carbon SVE Pre Carbon 7/28/2014 <69 <67 200 <67 <150 15,000 <64 <93 750 <43 <254
Post Carbon SVE Post Carbon 7/28/2014 <68 <67 270 <67 <150 13,000 <63 530 12,000 <43 <253
Pre Carbon South SVE Pre Carbon 8/25/2014 <140 <130 340 <130 <290 20,000 <130 <180 1,100 <86 <520
Post Carbon South SVE Post Carbon 8/25/2014 <140 <130 270 <130 <290 9,600 <130 <180 2,700 <86 <520
Pre Carbon South SVE_Pre Carbon 9/30/2014 <110 <110 250 <110 <230 17,000 <100 <150 930 <69 <410
Post Carbon South SVE_Post Carbon 9/30/2014 <130 <120 280 <120 <270 23,000 <120 <170 620 <80 <480
Pre Carbon SVE South Post Blower 11/3/2014 <130 <130 320 <130 <280 24,000 <120 <170 1,100 <81 <490
Post Carbon SVE South Post Carbon 11/3/2014 <81 <81 130 <81 <180 12,000 <77 <110 290 <52 <309
Pre Carbon SVE South Pre Carbon 1/26/2015 <190 <500 420 <250 <220 21,000 240 <260 860 <160 <820
Post Carbon SVE South Post Carbon 1/26/2015 <78 <200 <100 <100 <90 <170 190 <110 <140 <66 <330

Please refer to notes at end of table.

Semi-Annual Groundwater Monitoring Report

July through December 2017
1126-20
Page 2 of 4



Table 8

South SVE System — Analytical Results
NuStar Vancouver Facility

Vancouver, Washington

Dicr::i(l)-roet Dicf::i(l)-roet Dicci;ii}f)-et I;rlirr:lsoiozet Methylene | Tetrachlor Toluene Triéhll’olr-oet Trichloroet| ~ Vinyl Total
Sampling Location Sample ID Date hane hene hene hene Chloride | oethene hane hene chloride | Xylenes
Concentrations in yg/m

Pre Carbon SVE South Pre Carbon 2/26/2015 <150 <390 260 <200 <170 18,000 280 <200 660 <130 <650
Post Carbon SVE South Post Carbon 2/26/2015 <12 <32 <16 <16 3.2 <27 <15 <16 <21 25 <5.2
Pre Carbon SVE South Pre Carbon 3/30/2015 <61 <160 200 <79 160 17,000 180 <82 570 <51 <257
Post Carbon SVE South Post Carbon 3/30/2015 <12 <32 <16 <16 2.8 <27 2.7 <16 51 25 <5.2
Pre Carbon SVE S Pre Carbon 4/24/2015 <37 <97 170 <49 <43 5,400 <46 <50 410 <31 <163
Post Carbon SVE S Post Carbon 4/24/2015 <6.2 <16 <8.1 <8.1 <71 660 <77 <8.3 19 <5.2 18
Pre Carbon SVE South Pre Carbon 5/28/2015 <60 <160 140 <79 92 8,000 240 <81 460 <51 <256
Post Carbon SVE South Post Carbon 5/28/2015 <4.9 <13 <6.3 <6.3 <5.6 650 <6.0 <6.5 16 <4.1 22.1
Pre Carbon SVE South Pre Carbon 7/29/2015 <65 <170 190 <85 <75 12,000 <81 <88 790 <55 <183
Post Carbon SVE South Post Carbon 712912015 10 <27 960 16 <12 440 <13 <14 <18 <8.7 <45
Pre Carbon SVE South Pre Carbon 8/31/2015 <64 <170 160 <83 <73 12,000 <79 <86 780 <54 <171
Post Carbon SVE South Post Carbon 8/31/2015 <21 <55 530 <27 <24 3,400 <26 <28 94 <18 <90
Pre Carbon SVE South Pre Carbon 9/28/2015 <83 <220 170 <110 <94 9,900 <100 <110 660 <70 <360
Post Carbon SVE South Post Carbon 9/28/2015 3.4 <6.0 340 36 <2.6 300 <28 39 59 <19 <9.8
Pre Carbon SVE South Pre Carbon 10/29/2015 <130 <350 230 <170 <150 18,000 <170 <180 790 <110 <570
Post Carbon SVE South Post Carbon 10/29/2015 4.2 5.2 340 45 2.6 26 <15 67 310 17 <5.2
Pre Carbon SVE_South_Precarbon_113015 11/30/2015 <29 <77 54 <38 <38 3,000 <38 <29 300 <38 <77
Post Carbon SVE_South_Postcarbon_113015 11/30/2015 <0.80 <0.80 27 0.60 <0.40 <0.40 <0.40 6 11 <0.40 <0.80
Pre Carbon SVE_SOUTH_PRE CARBON_12/28/15 12/28/2015 <120 <320 180 <160 <140 35,000 <150 <170 1,200 <100 <530
Post Carbon SVE_SOUTH_POST CARBON_12/28/15 12/28/2015 <12 <3.2 28 <16 <14 <27 15 2 6.5 <1.0 <4.2
Pre Carbon SVE_SOUTH_PRE CARBON 2/1/2016 <8.6 <22 20 <11 <9.8 2,900 <11 14 120 <72 <37
Post Carbon SVE_SOUTH_POST CARBON 2/1/2016 22 <3.2 160 2.90 <14 <27 <15 92 260 <1.0 <5.2
Pre Carbon SVE_SOUTH_PRE CARBON 3/29/2016 <230 <610 710 <300 <270 71,000 <290 520 2,800 <200 <670
Post Carbon SVE_SOUTH_POST CARBON 3/29/2016 <69 <180 490 <23 <79 9,300 <86 1500 9,300 <58 <200
Pre Carbon SVE_SOUTH_PRE CARBON 412712016 <6.4 <17 12 <8.4 <7.4 910 <8.0 <8.7 23 <5.4 <18
Post Carbon SVE_SOUTH_POST CARBON 412712016 <63 <160 180 <82 <72 11,000 <78 110 2,200 <53 <180
Pre Carbon SVE_SOUTH_PRE CARBON 5/25/2016 <12 <3.2 4 <16 <14 550 29 3 22 <1.0 39
Post Carbon SVE_SOUTH_POST CARBON 5/25/2016 <16 <41 2300 30.00 <18 14,000 <19 130 3,300 <13 <45
Pre Carbon SVE_SOUTH_PRE CARBON 712612016 <98 <260 340 <130 <110 18,000 <120 <130 970 <83 <420
Post Carbon SVE_SOUTH_POST CARBON 712612016 <78 <200 760 <120 <89 15,000 <97 220 1,400 <66 <330
Pre Carbon SVE_SOUTH_PRE CARBON 8/30/2016 <86 <230 340 <110 <99 28,000 <110 <120 1,400 <73 <370
Post Carbon SVE_SOUTH_POST CARBON 8/30/2016 <81 <210 370 <110 <93 19,000 <100 210 910 <68 <350
Pre Carbon SVE_SOUTH_PRE CARBON 9/29/2016 <73 <190 340 <95 <83 25,000 <90 110 1,300 <61 <310
Post Carbon SVE_SOUTH_POST CARBON 9/29/2016 <46 <120 410 <60 <53 14,000 <57 140 1,900 <39 <196

Please refer to notes at end of table.
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Table 8

South SVE System — Analytical Results
NuStar Vancouver Facility

Vancouver, Washington

LI LI cis-12: | trans-1,2- Methylene |Tetrachlor LLL - richioroet Vinyl Total
Sampling Location Sample ID Date Dichloroet  Dichloroet, Dichloroet  Dichloroet Chloride | oethene Toluene Trichloroet hene chloride | Xylenes
hane hene hene hene hane
Concentrations in yg/m
Pre Carbon SVE-SOUTH_PRE CARBON_102516 10/25/2016 <150 <390 380 <190 <170 32,000 <180 <200 1,500 <120 <630
Post Carbon SVE-SOUTH_POST CARBON_102516 10/25/2016 <100 <260 530 <130 <120 19,000 <130 180 2,700 <85 <430
Pre Carbon SVE_SOUTH_PRE CARBON_112816 11/28/2016 <260 <670 420 <340 <290 52,000 <320 <350 2,100 <220 <1110
Post Carbon SVE_SOUTH_POST CARBON_112816 11/28/2016 <79 <210 <100 <100 <90 18,000 <98 360 3,200 <66 <340
Pre Carbon SVE_SOUTH_PRE CARBON_013017 1/30/2017 <260 <690 660 <340 <300 61,000 <330 400 2,400 <220 <1130
Post Carbon SVE_SOUTH_POST CARBON_013017 1/30/2017 <12 <32 <16 <16 <14 24 18 <16 <21 <1.0 <5.2
Pre Carbon SVE_SOUTH_PRE CARBON_073117 7/31/2017 <100 <260 400 <130 <110 17,000 340 <130 1,000 <84 <430
Post Carbon SVE_SOUTH_POST CARBON_073117 7/31/2017 <12 <32 <16 <16 24 6.5 8.2 <16 3.9 24 <5.2
Pre Carbon SVE_SOUTH_PRE CARBON_082817 8/28/2017 <60 <160 320 <79 <69 32,000 <75 90 1,100 <51 <256
Post Carbon SVE_SOUTH_POST CARBON_082817 8/28/2017 <12 5.8 2 <16 24 160 23 <16 3.9 22 <5.2
Pre Carbon SVE_SOUTH_PRE CARBON_092517 9/25/2017 <21 <55 200 <27 <24 23,000 <26 45 460 <18 <90
Post Carbon SVE_SOUTH_POST CARBON_092517 9/25/2017 <12 8.0 16 <16 5.3 6.8 <15 <16 <21 2.2 <5.2
Pre Carbon SVE_SOUTH_PRE CARBON_102617 10/26/2017 <40 <100 230 <52 <45 13,000 <49 64 700 <33 <167
Post Carbon SVE_SOUTH_POST CARBON_102617 10/26/2017 2.0 15 98 2.1 16 9.7 <15 3.9 <21 15 <5.2
Pre Carbon SVE_SOUTH_PRE CARBON_112917 11/29/2017 <140 <370 280 <180 <160 22,000 <170 <190 820 <120 <600
Post Carbon SVE_SOUTH_POST CARBON_112917 11/29/2017 3.8 8.5 220 4.0 <2.0 <4.0 <22 12.0 <32 25 <5.7
Pre Carbon SVE_SOUTH_PRE CARBON_122117 12/21/2017
Post Carbon SVE_SOUTH_POST CARBON_122117 12/21/2017 4.6 49 300 5.2 17 <27 <15 20.0 7.2 18 <5.2
Notes:
ug/m3 = Micrograms per cubic meter. 37 = average PCE post carbon last 6 months (ug/ms).

SO A AW

NS = Not sampled.

Samples analyzed by Modified EPA Method TO-15.
Only analytes detected in at least one sample are presented in this table.

S= Surrogate recoveries were above acceptable recovery limits. Results may be biased high.
Bold values represents detected concentration of listed analyte.

21,448

= average PCE pre carbon since January 2015 (ug/m3).
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Table 9

North SVE System — VOC Mass Removal
NusStar Vancouver Facility
Vancouver, Washington

Sample Date Post-BIo_wer Pressure|  Air Flow Rate Total VC;Cs VOC Removal
(in H,0) (cfm) (mg/m®) (Ib/day)
10/12/2011 0.1 250 105 0.2
1/23/2012 0.1 361 16.5 0.5
2/17/2012 0.05 215 113 0.2
3/22/2012 - 210 6.7 0.1
6/20/2012 0.2 217.8 0.3 0.005
8/22/2012 0.2 216 0.2 0.003
11/26/2012 0.05 215 226 0.436
12/21/2012 0.1 215 3.6 0.069
2/28/2013 0.1 215 46 0.088
5/24/2013 0.1 215 244 0.471
6/25/2013 0.1 215 138 0.267
8/27/2013 0.1 215 178 0.344
10/24/2013 0.1 215 10.6 0.204
12/27/2013 0.1 215 75 0.144
1/29/2014 3.0 215 14 0.028
212412014 9.0 215 95 0.184
3/31/2014 1.0 215 3.7 0.072
4/29/2014 2.0 215 3.7 0.072
5/27/2014 2.0 215 4.4 0.085
7132014 4.0 215 48 0.093
7/28/2014 3.0 215 7.7 0.148
9/30/2014 - 215 7.8 0.151
10/27/2014 2.0 215 154 0.298
11/25/2014 - 215 75 0.145
12/29/2014 2.0 215 15.3 0.296
1/26/2015 3.0 215 1.6 0.032
2/26/2015 0.1 215 0.0 0.001
3/30/12015 0.4 215 18 0.036
412412015 0.4 215 0.6 0.012
5/14/2015 - 215 0.0 0.000
5/28/2015 0.05 215 0.4 0.007
71292015 0.10 215 2.2 0.043
8/31/2015 0.05 215 7.8 0.150
9/28/2015 0.00 215 1.6 0.031
10/29/2015 1.00 215 6.9 0.134
11/30/2015 2.00 215 2.4 0.046
12/28/2015 0.10 215 5.7 0.110
2/1/2016 3.00 215 11.2 0.215
2/29/2016 0.10 215 8.0 0.154
3/29/2016 0.20 215 0.9 0.018
4/27/2016 1.00 215 1.6 0.030
5/25/2016 --* --* --* --*
6/28/2016 0.10 215 1.8830 0.036
7/26/2016 1.20 215 0.0916 0.00177
9/29/2016 0.10 215 0.0150 0.00029
10/25/2016 0.10 215 0.0109 0.000211
11/28/2016 0.10 215 0.0067 0.000129
12/28/2016 0.10 215 0.0017 0.0000329
1/30/2017 0.10 215 0.0046 0.0000889
2/28/2017 0.10 215 0.0059 0.000114
3/28/2017 0.10 215 0.0061 0.000118
412412017 0.10 215 0.0076 0.000147

Please refer to notes at end of table.
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Table 9

North SVE System — VOC Mass Removal

NusStar Vancouver Facility
Vancouver, Washington

. Approximate
Date Activity VOC Removal Rate | Days of Operation Apprg;;g]:\t/z(;/OCs Cumplf)lative VOCs
Removed
(Ib/day) (Ibs) (Ibs)
10/10/2011 Startup - - - -
10/12/2011 Sample 0.2 37 9 9
1/23/2012 Sample 0.5 31 17 26
2/17/2012 Sample 0.2 25 6 32
3/22/2012 Sample 0.1 34 5 37
6/20/2012 Sample 0.005 90 1 38
8/22/2012 Sample 0.003 63 1 39
11/26/2012 Sample 0.436 66 29 68
12/21/2012 Sample 0.069 25 2 70
2/28/2013 Sample 0.088 69 7 7
5/24/2013 Sample 0.471 - - 7
6/25/2013 Sample 0.267 32 9 86
8/27/2013 Sample 0.344 63 22 108
10/24/2013 Sample 0.204 58 12 120
12/27/2013 Sample 0.144 64 10 130
1/29/2014 Sample 0.028 33 1 131
212412014 Sample 0.184 - - 131
3/31/2014 Sample 0.072 35 3 134
4/29/2014 Sample 0.072 29 3 137
5/27/2014 Sample 0.085 28 3 140
7/3/2014 Sample 0.093 37 4 144
71282014 Sample 0.148 25 4 148
9/30/2014 Sample 0.151 64 10 158
10/27/2014 Sample 0.298 27 9 167
11/25/2014 Sample 0.145 29 5 172
12/29/2014 Sample 0.296 34 11 183
1/26/2015 Sample 0.032 28 1 184
2/26/12015 Sample 0.001 31 1 185
3/30/2015 Sample 0.036 32 2 187
412412015 Sample 0.012 25 1 188
5/14/2015 Sample 0.000 20 0 188
5/28/2015 Sample 0.007 14 1 189
6/30/2015 Estimate 0.007 33 1 190
6/30/2015 Estimate 0.000 0 0 190
7/29/2015 Sample 0.043 29 2 192
8/31/2015 Sample 0.150 33 5 197
9/28/2015 Sample 0.031 28 1 198
10/29/2015 Sample 0.134 31 5 203
11/30/2015 Sample 0.046 32 2 205
12/28/2015 Sample 0.110 28 4 209
2/1/2016 Sample 0.215 35 8 217
21292016 Sample 0.154 28 5 222
3/29/2016 Sample 0.018 29 1 223
4127/2016 Sample 0.030 29 1 224
5/25/2016 Sample -* 28 -* 221
6/28/2016 Sample 0.0364 34 2 223
7/26/2016 Sample 0.00177 28 1 224
9/29/2016 Sample 0.00029 65 1 225
10/25/2016 Sample 0.000211 26 1 226
11/28/2016 Sample 0.000129 34 1 227
12/28/2016 Sample 0.0000329 30 1 228
1/30/2017 Sample 0.0000889 33 1 229
2/28/2017 Sample 0.000114 29 1 230
3/28/2017 Sample 0.000118 28 1 231
412412017 Sample 0.000147 27 1 232
Notes:
1. Airflow rate read from system gauge. 5. |bs = Pounds.

cfm = Cubic feet per minute.

2
3. mg/m3 = Milligrams per cubic meter.
4. Ib/day = Pounds per day.

6. *=Not sampled. System intentionally shut down to
evaluate system efficiency.
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Table 10

South SVE System — VOC Mass Removal

NuStar Vancouver Facility

Vancouver, Washington

Post-Blower Pressure i @ Total VOCs VOC Removal
Sample Date (in H,0) A Fl?gniate (mgid) (Ibiday)

10/6/2011 330 590 46 24
11/2/2011 270 590 29 15
12/14/2011 270 590 57 30
201712012 290 -8 30 16
312212012 270 658 31 19
41262012 270 - 0 0.0
5/23/2012 310 - 20 12
6/2012012 330 - 37 22
712412012 320 - 34 20
8/22/2012 290 51 30
9/25/2012 290 52 31
10/29/2012 470 63 37
11/26/2012 180 1 06
1212112012 17.0 15 09
1/24/2013 100 2 01
212812013 180 1 01
3/25/2013 160 4 0.2
412912013 15.0 1 01
5/24/2013 470 251 148
6/25/2013 510 4 25
71252013 50.0 24 14
8/27/2013 520 30 18
9/30/2013 450 28 16
10/24/2013 50.0 29 17
11/25/2013 510 2 13
12/27/2013 55.0 21 13
1/29/2014 50.0 2 12
212412014 50.0 37 22
3/31/2014 460 2 12
412912014 488 14 08
5/27/2014 490 13 07

71312014 50.0 3 0.2
712812014 50.0 16 0.9
8/25/2014 49.0 21 12
9/30/2014 400 18 11
11/3/2014 50.0 25 15
112612015 200 23 13
212612015 300 - 19 11
313012015 290 - 18 11
412412015 200 - 6 04
5/28/2015 280 - 9 05
712912015 250 - 13 08
8/31/2015 260 - 13 08
9/28/2015 260 - 1 06
10/29/2015 270 - 19 11
11/30/2015 300 - 3 02
1212812015 290 - 36 22

2/1/2016 190 - 3 02
212912016 300 - 3 02
3/29/2016 280 - 75 44
412712016 50 - 1 01
5/25/2016 30 - 1 0.03
6/28/2016 -t * * -k
712612016 300 - 19 11
9/2912016 280 - 27 16
10/25/2016 300 - 34 20
11/28/2016 300 - 55 33
1/30/2017 330 - 64 38
713112017 310 - 19 11
8/28/2017 320 - 34 20
9/25/2017 300 2 14
10/26/2017 300 14 08
11/29/2017 300 23 14
1202112017 300 23 14

Please refer to notes at end of table.
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Table 10

South SVE System — VOC Mass Removal

NuStar Vancouver Facility

Vancouver, Washington

Date Activity VOC Removal Rate Days of Operation Approximate VOCs Cu)?nptf:::i)\(/l? \jga(?s
(Ib/day) Removed (Ibs) Removed (Ibs)

10/6/2011 Startup 24 05 2 2
11/2/2011 Sample 15 27 41 43
12/14/2011 Sample 3.0 42 96 139
2/17/2012 Sample 16 65 151 290
3/22/2012 Sample 19 34 59 349
4/26/2012 Sample 0.0 35 33 382
5/23/2012 Sample 12 29 18 400
6/20/2012 Sample 22 28 47 447
712412012 Sample 20 34 72 519
8/22/2012 Sample 3.0 29 74 593
9/25/2012 Sample 31 34 104 697
10/29/2012 Sample 3.7 34 116 813
11/26/2012 Sample 0.6 28 61 874
12/21/2012 Sample 0.9 25 19 893
1/24/2013 Sample 0.1 34 17 910
2/28/2013 Sample 0.1 35 3 913
3/25/2013 Sample 0.2 25 4 917
4/29/2013 Sample 0.1 35 6 923
52412013 Sample 14.8 - - 996
6/25/2013 Sample 25 32 277 1273
7/25/2013 Sample 14 30 58 1331
8/27/2013 Sample 18 33 53 1384
9/30/2013 Sample 1.6 34 59 1443
10/24/2013 Sample 17 24 41 1484
11/25/2013 Sample 13 32 48 1532
12/27/2013 Sample 12 32 41 1573
1/29/2014 Sample 12 33 41 1614
2/2412014 Sample 2.2 - - 1614
3/31/2014 Sample 1.2 35 60 1674
4/29/2014 Sample 0.8 29 30 1704
5/27/2014 Sample 0.7 28 22 1726
7132014 Sample 0.2 37 18 1744
7/28/2014 Sample 0.9 25 15 1759
8/25/2014 Sample 12 28 31 1790
9/30/2014 Sample 11 36 42 1832
11/3/2014 Sample 15 30 39 1871
12/31/2014 Estimated 15 22 33 1904
1/26/2015 Sample 13 26 37 1941
212612015 Sample 11 31 39 1980
3/30/2015 Sample 11 32 36 2016
412412015 Sample 0.4 25 18 2034
5/28/2015 Sample 0.5 34 15 2049
7/29/2015 Sample 0.8 62 41 2090
8/31/2015 Sample 0.8 33 26 2116
9/28/2015 Sample 0.6 28 20 2136
10/29/2015 Sample 11 31 28 2164
11/30/2015 Sample 0.2 32 22 2186
12/28/2015 Sample 2.2 28 33 2219

2/1/2016 Sample 0.2 35 41 2260
2/29/2016 Sample 0.2 28 6 2266
3/29/2016 Sample 44 29 67 2333
4/27/2016 Sample 0.1 29 66 2399
5/25/2016 Sample 0.03 28 2 2401

Please refer to notes at end of table.
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Table 10

South SVE System — VOC Mass Removal
NuStar Vancouver Facility

Vancouver, Washington

Date Activity VOC Removal Rate Days of Operation Approximate VOCs Cu?npuplgrvl(ren \%ECS
(Ib/day) Removed (Ibs) Removed (Ibs)

712612016 Sample 11 62 36 2437
9/29/2016 Sample 16 65 89 2526
10/25/2016 Sample 20 26 47 2573
11/28/2016 Sample 33 34 90 2663
1/30/2017 Sample 38 63 223 2886
7/31/2017 Sample 11 182 449 3335
8/28/2017 Sample 20 28 44 3379
9/25/2017 Sample 14 28 48 3427
10/26/2017 Sample 038 31 35 3462
11/29/2017 Sample 14 34 38 3500
12/21/2017 esnmatzgll(;sr:? ga’;‘:)vembe’ 14 2 %0 3530

Notes:

1. Air flow rate read from system gauge.

2. cfm = cubic feet per minute.

3. mg/m3 = Milligrams per cubic meter.

4. Ib/day = Pounds per day.

5. Ibs = Pounds.

6. Flow rate was not measured on dates with dashes. For calcuations, rate is assumed to be the same as measured the date before.

7. System was down during the October 27, 2014 monitoring event and was restarted on October 29, 2014. Itis

assumed that the system was down for a total of four days, although the exact duration of shutdown is unknown.

8. *=system was off for part replacement.

Semi-Annual Groundwater Monitoring Report
July through December 2017
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Table 11

Groundwater Analytical Results - Ammonia, Nitrate, and Nitrite

NuStar Vancouver Facility
Vancouver, Washington

Well Number: EX MW-1 MW-2 MW-3 MW-5 MW-6 MW-7 MW-8 MW-9 MW-10
Sample Date:| 2/6/2007 | 3/23/2009 K 3/16/2010 | 6/7/2011 | 12/9/2011 | 11/9/2017 | 11/6/2017 | 11/8/2017 | 11/7/2017 | 11/7/2017 | 2/6/2007 | 6/10/2008 \ 3/23/2009 \ 3/16/2010  6/7/2011 | 12/9/2011 | 11/7/2017 | 6/10/2008 | 11/6/2017 | 9/21/2010 = 11/9/2017 | 11/6/2017
Analyte Concentrations in mg/L (ppm)
Attenuation Chemistry
Ammonia (as Nitrogen) 26.7 14 34 - 3.96 6.34 1.68 2.86 0.608 3.00 4.89 11 24 - - 9.09 <0.0500 <0.050 14 174 35.6
Nitrate-Nitrogen 108 43 89 150 <0.50 46.4 0.26 2.7 <0.10 0.35 60.7 67.5 56 99 140 <0.50 <0.10 167 207 89 559 333
Nitrite-Nitrogen 0.49 0.54 0.71 <0.10 <0.10 <1.0 <0.10 <1.0 <0.10 <0.10 <0.100 0.1 <0.10 <0.50 <0.10 <0.10 <0.10 <0.1 <0.10 <0.10 <0.10 0.270

Please refer to notes at end of table.

Semi-Annual Groundwater Monitoring Report

July through December 2017
1126-20
Page 1 of 4



Table 11

Groundwater Analytical Results - Ammonia, Nitrate, and Nitrite
NuStar Vancouver Facility

Vancouver, Washington

Well Number: MW-12 MW-13 MW-14 MW-15 MW-16 MW-17 MW-18i MW-19 MW-19i MW-20i MW-21i-40 MW-21i-105 MW-22i MW-23i
Sample Date:] 10/19/2010 | 6/7/2011 = 12/7/2011 = 11/9/2017 | 11/7/2017 | 11/8/2017 | 11/6/2017 | 11/6/2017 | 11/8/2017 | 6/10/2008 | 11/7/2017 | 10/19/2010 \ 11/9/2017 | 11/8/2017 | 11/7/2017 | 6/10/2008 | 11/8/2017 | 6/10/2008 & 11/8/2017 | 11/7/2017 | 6/10/2008 | 11/8/2017
Analyte Concentrations in mg/L (ppm)
Attenuation Chemistry
Ammonia (as Nitrogen) - - - 55.4 35.0 34.7 <0.050 <0.050 0.634 <0.0500 <0.050 80 0.236 0.125 0.0594 <0.050 0.0645 <0.050 0.354 <0.0500 <0.050
Nitrate-Nitrogen 59 11 67 0.57 0.52 50.3 9.78 9.95 43.4 0.35 1.07 19 41 <0.10 0.28 <0.100 1.9 <0.100 16 <1.0 0.440 0.78
Nitrite-Nitrogen - <0.10 <0.10 <0.25 <0.10 <1.0 <0.10 <0.10 <1.0 <0.1 <0.10 <1.0 <0.10 <0.10 <0.100 <1.0 <0.100 <1.0 <1.0 <0.100 <0.10

Please refer to notes at end of table.
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Table 11

Groundwater Analytical Results - Ammonia, Nitrate, and Nitrite
NuStar Vancouver Facility

Vancouver, Washington

Well Number: MW-24i MW-24d MW-25i MW-26 MW-32i MW-32s EW-1 S-1 S-2 MGMS1-3(43) MGMS1-2(60) | MGMS1-1(110) MGMS2-4(40) MGMS2-3(60) | MGMS2-2(110)
Sample Date:| 6/7/2011 | 12/7/2011  11/9/2017 | 11/6/2017 | 11/8/2017 | 11/8/2017 | 11/10/2017 | 11/10/2017 | 11/9/2017 | 11/8/2017 | 11/8/2017 10/19/2010\ 11/7/2017 11/7/2017 11/7/2017 9/21/2010 6/7/2011\ 12/7/2011\ 11/9/2017 11/9/2017 11/9/2017
Analyte Concentrations in mg/L (ppm)
Attenuation Chemistry
Ammonia (as Nitrogen) - - <0.050 0.153 0.138 34.1 <0.050 0.235 <0.050 7.13 5.64 217 <0.050 0.822 130 87.1 1.03 <0.050
Nitrate-Nitrogen 0.50 16 3.09 <0.10 0.53 101 1.33 0.58 0.50 414 1.05 390 120 191 0.73 560 200 8.0 <0.10 0.12 0.37
Nitrite-Nitrogen <0.10 <0.10 <0.10 <0.10 <0.25 <2.5 <0.10 <0.10 <0.10 <0.10 <0.10 <1.0 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10

Please refer to notes at end of table.
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Table 11

Groundwater Analytical Results - Ammonia, Nitrate, and Nitrite

NuStar Vancouver Facility
Vancouver, Washington

Well Number:] MGMS2-1(132) | MGMS3-4(40) | MGMS3-3(60) | MGMS3-2(110) | MGMS3-1(132) MP-1

Sample Date:] ~ 11/9/2017 11/10/2017 11/10/2017 11/10/2017 11/10/2017 2/6/2007 \ 3/23/2009 | 3/16/2010 | 6/7/2011 | 12/9/2011 | 11/9/2017
Analyte Concentrations in mg/L (ppm)
Attenuation Chemistry
Ammonia (as Nitrogen) <0.050 1.71 <0.050 <0.050 <0.050 424 35 37 - - 12.2
Nitrate-Nitrogen <0.10 <0.10 <0.10 0.48 0.52 247 210 990 160 120 230
Nitrite-Nitrogen <0.10 <0.10 <0.10 <0.10 <0.10 0.18 1.2 0.76 <0.10 0.91 <0.50

Notes:

1. mg/L (ppm) = Milligrams per liter (parts per million).
Boldface value represents detected concentration of listed analyte.

2
3. -- = Not sampled or not analyzed.
4

. <= Not detected at or above the specified laboratory method reporting limit (MRL).
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NuStar Terminals Services

Vancouver Facility

Note: Base map prepared from USGS 7.5-minute quadrangles of Vancouver, WA and Portland, OR-WA, dated 2014 as provided by USGS.gov.
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9440083 VANCOUVER, WASHINGTON FROM 9:03 AM TO 12:00
PM ON 9/25/2017.
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WELL ELEVATIONS BASED ON JUNE 2010 SURVEY DATA.
ELEVATIONS ARE BASED ON WSDOT BENCHMARK -
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Fourth Quarter 2017 Groundwater Elevations
- Shallow Groundwater (November 6, 2017)

PRESUMED TO APPROXIMATE THE NGVD29(47) DATUM USED 0 200 400 o Second Semi-Annual Groundwater Monitoring Report 2017
BY CLARK COUNTY. < ‘ ] NuStar Terminals Services, Inc. Vancouver Facility
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\ Apex Companies, LLC Project Number [ [ 126-20 Figure
L4 3015 SW First Avenue

APEX Portland, Oregon 97201 January 2018 5




RIVER STAGE
(Max. 2.163) (Min. 1.372) (Avg. 1.598)

NOTES:

1. BASE PLAN PREPARED FROM AN AUTOCAD FILE
(SECOR FIGURE 1, JOB 150T.STSRV.05.0012).

2.
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MGMS WATER LEVELS MEASURED IN SHALLOW WELL PORT.
WELL ELEVATIONS BASED ON JUNE 2010 SURVEY DATA.
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DESIGNATED "PEPSI". THE BENCHMARK ELEVATION IS
PRESUMED TO APPROXIMATE THE NGVD29(47) DATUM USED
BY CLARK COUNTY.
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9440083 VANCOUVER, WASHINGTON FROM 1:37 PM TO 3:53 PM
ON 11/6/2017.
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ASSUMING CRD IS 1.82 FEET ABOVE NGVD29(47).
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LEGEND
WELL IDENTIFICATION
DEPTH OF PORT SAMPLED
(IF NOT SPECIFIED - SINGLE PORT WELL)
= i CHEMICAL CONCENTRATION IN ug/L
MW-26 ToE (ONLY DETECTED COMPOUNDS ARE SHOWN)
PCE cis-1,2-DCE
TCE1 2. DCE trans-1,2-DCE
cis-1,2-|
trans-1,2-DCE ‘\II,(‘I:-DCE
ve 1,1-DCA
1,1-DCE
1,1-DCA
1,1,1-TCA :I‘\:I\é-l()
TCE MW-22i ANALYTE SAMPLED
PCE MW-21i-105
TCE PCE
W-14 - @ MW-25i Ao o
PCE :E e s 200 EX-3 9 GROUNDWATER EXTRACTION WELL
TCE N
cis-1,2.DCE ptvias IN-1 ® GROUNDWATER INJECTION WELL
trans-1,2-DCE 1,1,1-TCA
::E MW-1 @ GROUNDWATER MONITORING WELL
e p-1 W 21140 MGMS3 4 MULTI-LEVEL GROUNDWATER WELL
MW-9 PCE PCE
108 et 2-0CE fon 2.0E s ABANDONED GROUNDWATER WELL
MW-17 ") cis-1,2-DCE trans-1,2-DCE 1,1-DCE PCE
PeE rans-1,2-DCE Ve e 11-0CA Tce MW-32s @ PORT OF VANCOUVER WELL LOCATION
TCE . " cis-1,2-DCE
cis-1,2-DCE S-1 :::,?—géA 1,1DCA X
MW-7/MW-7 DUP. MW-8
el ot poE w20 SHALLOW ZONE CONCENTRATION DATA
Pee ols-1,2-DCE PCE (DEPTHS OF 0 TO 45 FEET)
TCE ”
. \'[¢]
Troaa INTERMEDIATE ZONE CONCENTRATION DATA
(DEPTHS OF 45 TO 100 FEET)
MW-13
PCE / Mw-24d ? DEEP ZONE CONCENTRATION DATA
TCE MW-16 (DEPTHS OVER 100 FEET)
cis-1,2-DCE PCE
trans-1,2-DCE TCE
ve cis-1,2-DCE ABBREVIATIONS
1,1-DCE 1,1,1-TCA
MW-19/MW-19 DUP ) PCE TETRACHLOROETHENE
MW-5 MW-15 @ 3
:g: GVSL = pos 0 PCE 4 :‘:::_‘DCE TCE TRICHLOROETHENE
cis-1,2-DCE PCE o BCE . cis-1,2-DCE CIS-1,2-DICHLOROETHENE
:;Zns-1 ,2-DCE 1251 20CE - :’,?—DCA trans-1,2-DCE TRANS-1,2-DICHLOROETHENE
1,1-DCE trans-1,2:0CE Mw-3 Ve VINYL CHLORIDE
1,1-DCA ve .Prg: PCE w2
114-TCA 11-DCE T 2DCE e @ 1,1-DCE 1,1-DICHLOROETHENE
e 1S bea cis-1,2-DCE 1,1-DCA 1,1-DICHLOROETHANE
i roon " 1,1,1-TCA 1,1,1-TRICHLOROETHANE
MW-12/MW-12 DUP B
cis1,2-DCE 11,1TCA CF CHLOROFORM
::"5'1’2'DCE MGMS2 40 60 110 132 CA CHLOROETHANE
1,1-DCA PCE
CA TCE
cis-1,2-DCE Mw-1 Ewoi\ N
trans-1,2-DCE PCE PCE-
TCE
:I(:-DCE cis-1,2-DCE TCE
’ ve cis-1,2-DCE d
7oA 1:1-0CA = "No?
MGMS3 40 (Dup.) 60 101 132 <
PCE
TCE . ’
cis1,2:0CE Third Quarter 2017 Groundwater Concentrations
00 (September 2017)
Second Semi-Annual Groundwater Monitoring Report 2017
NOTES: . ) o
0 200 400 NuStar Terminals Services, Inc. Vancouver Facility
1. BASE PLAN PREPARED FROM AN AUTOCAD FILE ,
(SECOR FIGURE 1, JOB 150T.STSRV.05.0012). ; . _ ‘ Vancouver, Washington
2. NOT DETECTED, WELL SAMPLED BUT NO CONSTITUENTS WERE DETECTED. Approximate Scale in Feet
3. IF A PRIMARY AND DUPLICATE SAMPLE WERE COLLECTED, THE HIGHER \ Apex Companies, LLC Project Number 1126-20 Figure
CONGCENTRATION IS SHOWN. SEE TABLE 3 FOR ADDITIONAL DETAILS. Y 4 3015 SW First Avenue
AP[EX Portland, Oregon 97201 January 2018 7
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MW-26
PCE 88.1
TCE 170
cis-1,2-DCE 204
trans-1,2-DCE 23
vc 18
1,1-DCE 15
1,1-DCA 48 MW-22i
1,1,1-TCA 1.0
A oa PCE
@ MW-25i MW-10 TCE
cis-1,2-DCE
PCE 25
MW-14
TCE 1.1
PCE 39.3 MW-32i
TCE 160 MW-9 o
cis-1,2-DCE 306 . W-a2s TCE
trans-1,2-DCE 2.2 :EE ?g? ND2 cis-1,2-DCE
ve 0.91 MW-23i cis-1,2-DCE 569 MW-21i-105
1,1-DCE 21 trans-1,2-DCE 15.2 PCE -
1,1-DCA 45 ve 7.8 TCE MW-21i-40
1,1-DCE 33 o PCE
o2 11-DCA 208 cis-1,2-DCE / Pee
- 1,1,1-TCA 45 cis-1,2-DCE MW-18i
MW-17 @ °'s':";':CE f : trans-1,2-DCE PoE -
PCE 9.9 1.1 : MP-1 ve s
TCE 21.9 PCE 198 H'ggi
cis-1,2-DCE 9.3 TCE 74.0 -
cis-1,2-DCE 105 MW-8
trans-1,2-DCE 0.91 PCE 4.4
vC 2.6 B 12
1,1-DCE 43 cis-1,2-DCE .
MW-24i 1.1-DCA 33
PCE
TCE MW-7/MW-7 DUP.
cis-1,2-DCE PCE 6.3D -
1,1-DCA TCE 7.8 MW-20i
cis-1,2-DCE 26 PCE
MW-13 AR S { ve 15 TCE
cis-1,2-DCE 1,360 cis-1,2-DCE
trans-1,2-DCE 5.4 MW-16
ve -
PCE 150
TCE 17.4
MW-19/MW-19 DUP. .
cis-1,2-DCE 3.8
PCE 1,530D ve 0.96
TCE 1,020 X
cis-1,2-DCE 1,660D MGMS1 48 110 2 e wwai
trans-1,2-DCE 24.0D PCE 108 MW-15 cis-1,2-DCE
ve 115 TCE 211 cE ‘
1,1-DCE 24.9D cis-1,2-DCE 2,3500-
1,1-DCA 104D trans-1,2-DCE 26.6
1,1,1-TCA 20.2D ve 181
1,1,2-TCA 0.754- EX PP
1,1-DCE 13.7 PCE 0.82
: PCE 35
1,1-DCA 158 TCE 0.63 ToE 07 N2
cis-1,2-DCE 6.9 cis-1,2-DCE 356 % :
vc 10.1 ve 5.3 MW-3
1,1-DCA 8.8
MW-12/MW-12 DUP. CA 24 1,1-DCA 0.99 PCE ?;.:
cis-1,2-DCE 22.2 :;E1 2.DCE 59'5
trans-1,2-DCE 1.6 -1,2-| X
ve 49.1 MGMS2 40 60 110 132 trans-1,2-DCE 0:60
1,1-DCA 4.5 PCE 13.2 vC sz
cA 15.4 TCE 9.2 MW-1 1,1-DCA o
cis-1,2-DCE 61.6 PCE e 1,1,1-TCA .
trans-1,2-DCE 0.52 TCE 6.5
ve 7o cis-1,2-DCE 228
1,1-DCE 0.86 vo 1 EW-1
1,1-DCA 21.3 1,1-DCA 5.0 PCE 33.0
TCE 7.3 Mr\\l"sg
cis-1,2-DCE 3.3
MGMS3 40 60 110 132 cF 0.91
PCE 0.85
TCE <0.50
cis-1,2-DCE 8.0
ve 15.8
1,1-DCA 43
NOTES:
1. BASE PLAN PREPARED FROM AN AUTOCAD FILE
(SECOR FIGURE 1, JOB 150T.STSRV.05.0012).
2. NOT DETECTED, WELL SAMPLED BUT NO CONSTITUENTS WERE DETECTED 0 200 400
3. IF APRIMARY AND DUPLICATE SAMPLE WERE COLLECTED, THE HIGHER . X
CONCENTRATION IS SHOWN. SEE TABLE 3 FOR ADDITIONAL DETAILS. A . S | N F
4. J-=RESULT IS ESTIMATED AND MAY BE BIASED LOW BASED pproximate Scale in Feet
LABORATORY DATA QUALITY.
5. D = RELATIVE PERCENT DIFFERENCE BETWEEN SAMPLE AND

DUPLICATE EXCEEDS THE ACCEPTANCE LIMIT OF + 30%.

LEGEND

WELL IDENTIFICATION

DEPTH OF PORT SAMPLED
(IF NOT SPECIFIED - SINGLE PORT WELL)

MGMS1 60
PCE CHEMICAL CONCENTRATION IN ug/L
TCE (ONLY DETECTED COMPOUNDS ARE SHOWN)
cis-1,2-DCE
trans-1,2-DCE
vec
1,1-DCE
1,1-DCA
ANALYTE SAMPLED
EX-3 @ GROUNDWATER EXTRACTION WELL
IN-1 ® GROUNDWATER INJECTION WELL
MW-1 @ GROUNDWATER MONITORING WELL
MGMS3 ‘ MULTI-LEVEL GROUNDWATER WELL
ABANDONED GROUNDWATER WELL
MW-32s @ PORT OF VANCOUVER WELL LOCATION
BLUE SHALLOW ZONE CONCENTRATION DATA

(DEPTHS OF 0 TO 45 FEET)

INTERMEDIATE ZONE CONCENTRATION DATA
(DEPTHS OF 45 TO 100 FEET)

DEEP ZONE CONCENTRATION DATA
(DEPTHS OVER 100 FEET)

ABBREVIATIONS
PCE TETRACHLOROETHENE
TCE TRICHLOROETHENE

cis-1,2-DCE

CIS-1,2-DICHLOROETHENE

trans-1,2-DCE

TRANS-1,2-DICHLOROETHENE

vC VINYL CHLORIDE

1,1-DCE 1,1-DICHLOROETHENE
1,1-DCA 1,1-DICHLOROETHANE
1,1,1-TCA 1,1,1-TRICHLOROETHANE
1,1,2-TCA 1,1,2-TRICHLOROETHANE
CF CHLOROFORM

CA CHLOROETHANE

Fourth Quarter 2017 Groundwater Concentrations

(November 2017)

Second Semi-Annual Groundwater Monitoring Report 2017
NuStar Terminals Services, Inc. Vancouver Facility

Vancouver, Washington
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MW-33s 5
MW-33i

@MW—E @MW-l4d
©
MW-31i
MW-25i
“INitrate
Ammonia RS
MW-26 AN N
Nitrate 101 ~ MW-32s -
MW-23i Ammonial 341 / R ~ N MW-32i
Nitrate MW-10 } itrate | 0.58 Nitrate
Ammonia Nitrate 333 MW—22i\ Ammonia| 0.235 {%}Ammonia
MW-14 Ammonia| 35.6 ‘\\\ Nitrate \
Nitrate 50.3 / ",! Ammonial S / \
Ammonia| 34.7 / MW-211-105 MW-21i-40 ) - _ -
, / , -
MW-17 / Ly .. | Nitrate N |trate. /
- < . - Ammonia
Nitrate 43.4 - Ammonia| /
Ammonia| 0.634 53 / MW-9 N MW-8 \ . , N
Nitrate | 1.05 ¢/ | Nitrate | 550 | o ) Nitrate | 207 ~ , >
Ammonia| 5.64 ¢/ |Ammonia] 17.4 MP-1 i /|Ammonia <0.050 \ _ iR
s1 < W2a ) Nitrate | 23.0 MW-24d ~ g U ':"W‘ZO' s TMW-30i
- - Ammonia| 12.2 Nitrate - : o frate
Nitrate 4 Nitrate S A : Nitrate Ammonia ©
Ammonia| Ammonia| I} Uy mmonia > Ammonia SO LN MW-G
~ Ry ALY S MW-7 L < ~
SNde N ) Nitrate | <0.10 | = 7/ VIR \ s \ ’
MW-13 ﬁ 7 Ammonia  9.09 V4 Nirate | 905 NS /
Nitrate 0.52 Y il ~ itral el . N
A e S . /{MGMS-2| 40 60' 110' | 132° |/Ammonia] <0.050 S ,
qmonal =2 Nitrate | <0.10 \MW_F ’
MGMS-1| 43 60' 110" \' ~/ o [Ammonial 871 \ LCARN N / LEGEND
Nitrate 120 ‘ s, <% \
Ammora 217 1/ exs S e & _ _ IDENTIFICATION
Vo S, MW-5 MW1E : MW-19i
MW-19 /< 4 “ns | Nitrate | <0.10 Nirate | 978 - ':"W-19' Nitrate —L— NITRATE IN mg/L (AS NITROGEN METHOD 300.0)
Nitrate | 41.0 N, Ammonia| 2.86 - — frate Ammonial
Ammonia| 80.0 MW-12 S N~ // Ammonial <0.050 | /* Ammonia AMMONIA IN mg/L (AS NITROGEN METHOD 350.1)
Nitrate 0.57 N~ N
Ammonia_55.4 N - ¢\x // N, ! / MW-1 @ GROUNDWATER MONITORING WELL
- , , , , SN LAGD) <
MeMS3) 400 | 60| T10° | 132 MW-1 W3 Mw-2 MGMS3 4 MULTI-LEVEL GROUNDWATER WELL
N|trate. <0.10 Nitrate 164 Nitrate ok Nitrate 0.26
Ammonia] 171  mmonia ¢ Tate 2.7 Ammonia| 6.2 | MW-32s ® PORT OF VANCOUVER WELL LOCATION
%, TN ", ) ( EX-3 4@ GROUNDWATER EXTRACTION WELL
4'&‘4 N ) !
09/1,6 S I ——--—— APPROXIMATE LEASEHOLD BOUNDARY LINE
i Ew-1 ’ BLUE SHALLOW WELL LOCATION
Nitrate 0.50
- |
N Ammonia| <0.050 [* X %1 INTERMEDIATE WELL LOCATION
MW-6
~N \/ Nitrate 035 DEEP WELL LOCATION
Ammonia| 0.608 PURPLE MULTI-LEVEL WELL LOCATION
Nitrate and Ammonia - November 2017
NorE. 0 200 400 Secor;\(li geml_}AnnydICSroun'dwatler N\\;)nltonng l}:epT't 2017
1. BASE PLAN PREPARED FROM AN AUTOCAD FILE . . ‘ ustar lerminals Services, Inc. Vancouver Facility
(SECOR FIGURE 1, JOB 150T.STSRV.05.0012). Approximate Scale in Feet Vancouver, Washington
\ Apex Companies, LLC Project Number 1126-20 Figure
~ 3015 SW First Avenue
AP[EX Portland, Oregon 97201 January 2018 9




Historical Direct

Loading Area for
Chlorinated Solvents
(Primary Source Area)

NOTES:
1. BASE PLAN PREPARED FROM AN AUTOCAD FILE
(SECOR FIGURE 1, JOB 150T.STSRV.05.0012).

2. CONTOUR VALUE CALCULATED USING ACUTE FRESHWATER
CRITERIA, ASSUMING A pH OF 8 AND SALMONIDS ARE PRESENT
(WASHINGTON DEPARTMENT OF ECOLOGY, WATER QUALITY
STANDARD FOR SURFACE WATER, CHAPTER 173-201A WAC).

0

200

Approximate Scale in Feet

(Abandoned)

(Abandoned)

LEGEND
6.34 AMMONIA AS NITROGEN CONCENTRATION IN mg/L

AMMONIA AS NITROGEN CONCENTRATION

5.615 CONTOUR IN mg/L (SEE NOTES)

MW-1 $ GROUNDWATER MONITORING WELL

MGMS3 * MULTI-LEVEL GROUNDWATER WELL
MW-32s @ PORT OF VANCOUVER WELL LOCATION

EX-3 @ GROUNDWATER EXTRACTION WELL
——--—— APPROXIMATE LEASEHOLD BOUNDARY LINE

BLUE SHALLOW WELL LOCATION

PURPLE MULTI-LEVEL WELL LOCATION

Shallow Zone Ammonia as Nitrogen
Isocontours - November 2017
Second Semi-Annual Groundwater Monitoring Report 2017
NuStar Terminals Services, Inc. Vancouver Facility
Vancouver, Washington

\ Apex Companies, LLC Project Number 1126-20 Figure
' 4 3015 SW First Avenue

APEX Portland, Oregon 97201 January 2018 l O




Historical Direct
Loading Area for
Chlorinated Solvents
(Primary Source Area)

NOTES:
1. BASE PLAN PREPARED FROM AN AUTOCAD FILE
(SECOR FIGURE 1, JOB 150T.STSRV.05.0012).

2. CONTOUR VALUE CALCULATED USING ACUTE FRESHWATER
CRITERIA, ASSUMING A pH OF 8 AND SALMONIDS ARE PRESENT
(WASHINGTON DEPARTMENT OF ECOLOGY, WATER QUALITY
STANDARD FOR SURFACE WATER, CHAPTER 173-201A WAC).

z

0.354

MW-31i @

Mw-22i @

MW-21i-105,
<0.050

MW-21i-40

~ MGMS3

LN <0.050

0 200 400 ¢

Approximate Scale in Feet

MW-30i G}
/7

(Abandoned)

(Abandoned)

LEGEND

0.236 AMMONIA AS NITROGEN CONCENTRATION IN mg/L

AMMONIA AS NITROGEN CONCENTRATION
CONTOUR IN mg/L (SEE NOTE)

5615 ——
MW-1 @ GROUNDWATER MONITORING WELL
MGMS3 4~ MULTI-LEVEL GROUNDWATER WELL

MW-32s @ PORT OF VANCOUVER WELL LOCATION

EX-3 9 GROUNDWATER EXTRACTION WELL

——--—— APPROXIMATE LEASEHOLD BOUNDARY LINE

GREEN INTERMEDIATE WELL LOCATION

PURPLE MULTI-LEVEL WELL LOCATION

Intermediate Zone Ammonia as Nitrogen

Isocontours - November 2017

Second Semi-Annual Groundwater Monitoring Report 2017

NuStar Terminals Services, Inc. Vancouver Facility
Vancouver, Washington

\ Apex Companies, LLC Project Number | [ 126-20
5 3015 SW First Avenue
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. N \MW-ZgM /
N MGMS1 h
- 120 ,/

LEGEND
9.78 NITRATE AS NITROGEN CONCENTRATION IN mg/L

10 NITRATE AS NITROGEN CONCENTRATION

Historical Direct N CONTOUR IN mg/L

Loading Area for
Chlorinated Solvents
(Primary Source Area)

MW-1 Q GROUNDWATER MONITORING WELL
MGMS3 -* MULTI-LEVEL GROUNDWATER WELL
MW-32s @ PORT OF VANCOUVER WELL LOCATION
EX-3 Q GROUNDWATER EXTRACTION WELL
——--—— APPROXIMATE LEASEHOLD BOUNDARY LINE

BLUE SHALLOW WELL LOCATION

PURPLE MULTI-LEVEL WELL LOCATION
(Abandoned)

Shallow Zone Nitrate as Nitrogen
Isocontours - November 2017

NOTES:
1. BASE PLAN PREPARED FROM AN AUTOCAD FILE . o
(SECOR FIGURE 1, JOB 158T_3T5R\l;_o(5)_8012)_ 0 200 400 o Second Semi-Annual Groundwater Monitoring Report 2017
2. CONTOUR VALUE OF 10 mg/L FOR NITRATE AS NITROGEN FROM | ! NuStar Terminals Services, Inc. Vancouver Facility
STATE OF WASHINGTON MAXIMUM CONTAMINANT LEVEL (MCL). Approximate Scale in Feet . Vancouver, Washington

(Abandoned)

\ Apex Companies, LLC Project Number 1126-20 Figure
- 3015 SW First Avenue

AP[E)( Portland, Oregon 97201 January 2018 12
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MW-21i-40

~
~
~

{7
/ 9

-21i-105
LT

LEGEND

Historical Direct
Loading Area for
Chlorinated Solvents
(Primary Source Area)

10 NITRATE AS NITROGEN CONCENTRATION
> CONTOUR IN mg/L

MW-1 Q GROUNDWATER MONITORING WELL
MGMS3 -* MULTI-LEVEL GROUNDWATER WELL
MW-32s @ PORT OF VANCOUVER WELL LOCATION

EX-3 Q GROUNDWATER EXTRACTION WELL

1.33 NITRATE AS NITROGEN CONCENTRATION IN mg/L

——--—— APPROXIMATE LEASEHOLD BOUNDARY LINE

N
GREEN INTERMEDIATE WELL LOCATION
PURPLE MULTI-LEVEL WELL LOCATION
(Abandoned)
Intermediate Zone Nitrate as Nitrogen

NOTES: Isocontours - November 2017
1. BASE PLAN PREPARED FROM AN AUTOCAD FILE . o

(SECOR FIGURE 1, JOB 150T.STSRV.05.0012). 0 200 400 o Second Seml-Annya| Crour!dwater Monitoring Repprt 2017
2. CONTOUR VALUE OF 10 mg/L FOR NITRATE AS NITROGEN FROM ‘ | NuStar Terminals Services, I"Cj Vancouver Facility

STATE OF WASHINGTON MAXIMUM CONTAMINANT LEVEL (MCL). Approximate Scale in Feet . Vancouver, Washington

(Abandoned)

3015 SW First Avenue

\ Apex Companies, LLC Project Number 1126-20
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N \ ®

CONCRETE
SEAWALL

z

NOTES:

1. BASE PLAN PREPARED FROM AN AUTOCAD FILE
(SECOR FIGURE 1, JOB 150T.STSRV.05.0012).

2. UTILITY LOCATIONS SHOWN BASED ON SURFACE
MARKINGS BY UTILITY LOCATOR.

3. INJECTION LOCATIONS BASED ON FIELD MEASUREMENTS
TO EXISTING SITE STRUCTURES.

N ]

N,

S N\ COVERED
o *\ ® AREA

2011 GROUNDWATER INTERIM
ACTION AREA

8,
(//( O//VG
717

(0]
X
555

LEGEND:
é 2011 SOURCE AREA INJECTION POINT
© 2011 STANDARD OIL SUBSTRATE INJECTION POINT
® 2011 ANGLED INJECTION POINT
© 2008 INTERIM ACTION INJECTION POINT

EX-3 @ EARLY 2000s INTERIM ACTION GROUNDWATER
EXTRACTION WELL

EARLY 2000s INTERIM ACTION GROUNDWATER
INJECTION WELL

AND VAPOR EXTRACTION WELL
GROUNDWATER MONITORING WELL
MULTI-LEVEL GROUNDWATER WELL

CATCH BASIN

BUILDING

*— FENCE

«— ELECTRICAL

—s ——s — SYSTEM ELECTRICAL

—ss

ss— STORM SEWER

—V

v—  WATER
vHo  MANHOLE

HH RAILROAD TRACKS

12008/201 | Bioremediation Injection Locations
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4 R

DOCK

NOTES:

1. BASE PLAN PREPARED FROM AN AUTOCAD FILE
(SECOR FIGURE 1, JOB 150T.STSRV.05.0012).

2. INJECTION LOCATIONS BASED ON FIELD MEASUREMENTS
TO EXISTING SITE STRUCTURES.

3. NORTHWEST AREA INJECTION POINT LOCATIONS ARE
APPROXIMATE. NUSTAR SOURCE AREA LOCATIONS ARE
BASED ON GPS COORDINATES AND HAVE BEEN MODIFIED
SLIGHTLY FROM THE INTERIM ACTION WORK PLAN TO
AVOID ENCOUNTERING BURIED INFRASTRUCTURE.

T MW-25i

“POINTS

o

2016 NUSTAR
SOURCE AREA
/ INJECTéQl}I POINTS

/

0
< i

/
2016 NORTHWEST
AREA INJECTION

MW-32i

©

MW-32s

. e

LEGEND:
)
EX-3 ¥

MW-1 &

MGMS3 4

——— Y —
MHO

A

ENHANCED BIOREMEDIATION
INJECTION POINT

EARLY 2000s INTERIM ACTION
GROUNDWATER EXTRACTION WELL

GROUNDWATER MONITORING WELL

MULTI-LEVEL GROUNDWATER WELL

CATCH BASIN

BUILDING

FENCE

ELECTRICAL

SYSTEM ELECTRICAL

STORM SEWER

WATER

MANHOLE

RAILROAD TRACKS

80

Approximate Scale in Feet

Vancouver, Washington

2016 Bioremediation Injection Locations

Second Semi-Annual Groundwater Monitoring Report 2017
NuStar Terminals Services, Inc. Vancouver Facility
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~/

~__NORTH SOIL VAPOR
EXTRACTION UNIT
(NO CARBON TREATMENT)

DOCK

NOTE: SYSTEM LINES FROM
BRANCHES 1 THROUGH 3 WERE CUT
APPROXIMATELY HERE. THE
NORTHERN ENDS WERE CAPPED;
SOUTHERN ENDS WERE CONNECTED
TO NEW 8" HEADER LINE.

"/

S

LEGEND:

VE6-2 (SID) @

VE-1-2 @

EX-3 @

IN-1 W

MW-1 &

MGMS3 4~

2011 WELL PAIR LOCATION
(SHALLOW SCREENED FROM 5-15 FEET BGS)
(DEEP SCREENED 15-25 FEET BGS)

2008 INTERIM ACTION VAPOR EXTRACTION
WELL LOCATION

VAPOR EXTRACTION WELL (2000-2005)

EARLY 2000s INTERIM ACTION
GROUNDWATER EXTRACTION WELL

EARLY 2000s INTERIM ACTION
GROUNDWATER INJECTION WELL
AND VAPOR EXTRACTION WELL
GROUNDWATER MONITORING WELL
MULTI-LEVEL GROUNDWATER WELL
CATCH BASIN

BUILDING

FENCE

ELECTRICAL

SYSTEM ELECTRICAL

— s s — STORM SEWER
VAULT (TYP.)
COVERED —— WATER
AREA
7\ MH O MANHOLE
\ R V’q@ S RAILROAD TRACKS
*\ VAULT (TYP.) SOUTH SOIL VAPORE /CG 7\6,9
. EXTRACTION UNIT S S 44/ _______ UNDERGROUND SOIL VAPOR
\ 4 (S/D)@ (WITH CARBON A o) EXTRACTION (SVE) PIPING

. A ;. N f TREATMENT VESSELS)

~— \ \ /@ Ly 7‘),8 BLUE NORTH VAPOR EXTRACTION UNIT

N : s - VE-9-3 (S/D)
S / @ / GREEN SOUTH VAPOR EXTRACTION UNIT
N . */ VE-9-1 (S/D)
\‘\ / VE-10-2 (S/D) - <
\\ / @ P /\/
.’ ; | @ 2011 SVE Layout
| b
\ \7[ | VE103(SD) Second Semi-Annual Groundwater Monitoring Report 2017
N \ l\ | NuStar Terminals Services, Inc. Vancouver Facility

NOTES: : B N VE-10-1 (S/D) Vancouver, Washington
1. BASE PLAN PREPARED FROM AN AUTOCAD FILE ™ 0 40 80

(SECOR FIGURE 1, JOB 150T.STSRV.05.0012). *\ “\ i ) ‘\ Apex ComEanies, LLC Project Number 1126-20 Figure
2. UTILITY LOCATIONS SHOWN BASED ON SURFACE g ‘\\ Scale in Feet v 3015 SW First Avenue

MARKINGS BY UTILITY LOCATOR. ' AP[EX Portland, Oregon 97201 January 2018 16
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North SVE System - VOC Mass Removal

Second Semi-Annual Groundwater Monitoring Report 2017

—&—— \/olatile Organic Compound (VOC) Removal Rate (lbs/day) NuStar Terminals Services, Inc. Vancouver Facility
Vancouver, Washington

Legend:

—m&— Approximate Cumulative VOCs Removed (lbs)
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