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EXECUTIVE SUMMARY 

Ramboll Americas Engineering Solutions, Inc. (Ramboll), on behalf of Calumet Montana Refining, LLC 
(CMR), has prepared this Area of Concern-16 (AOC-16) Interim Measure (IM) 3rd Quarter 2024 
Monitoring Report (QMR) No. 11 to summarize the operations of the AOC-16 Dual Phase Extraction 
(DPE) system and the Passive Treatment Trench (PTT). This QMR has been prepared in accordance 
with Section 6.2 of the Operations Maintenance and Monitoring (OM&M) Plan for the AOC-16 IM. 

During the 3rd Quarter of 2024, the DPE system operated approximately 90% of the available time. 
The DPE system extracted and discharged approximately 61,394 gallons of total fluids to CMR’s 
wastewater treatment plant (WWTP). During this reporting period the DPE system also removed 
approximately 5.0 pounds of petroleum vapor.  It also removed 0.03 pounds of volatile organic 
compounds (VOCs), 0.02 pounds of semi-volatile organic compounds (SVOCs), 19.5 pounds of volatile 
petroleum hydrocarbons (VPH), and 93.4 pounds of extractable petroleum hydrocarbons (EPH) in the 
form of liquid effluent. Initial mass removal rates indicate that the DPE system is accomplishing the 
AOC-16 IM objectives of recovering free phase Light Non-Aqueous Phase Liquid (LNAPL) mass and 
reducing the LNAPL within the vadose and saturated zone soil matrix.  

Multiple performance metrics indicate that the mass recovery of the remediation system is reaching 
asymptotic levels including:  

• influent vapor concentrations have dropped four to five orders of magnitude between system 
startup and the 3rd quarter of 2024 

• The post-catalyst outlet temperature on the Self-Recuperative Catalytic Oxidizer (SRCO) which 
serves as a continuous relative indicator of contaminant mass with higher temperatures 
corresponding to relatively greater contaminant mass has seen temperatures drop from 
greater than 800 degrees F during the first year of operation to less than 670 degrees F in the 
3rd quarter of 2024 

• Sampling of the liquid effluent indicates that liquid recovery is shifting to heavier end 
compounds (i.e. EPH) as compared to more volatile compounds (i.e. VOCs). 

• A small amount of LNAPL was observed within the knock-out tank sight glass during the 3rd 
quarter of 2024. Qualitatively, the amount of LNAPL observed in the sight glass is lower than 
in previous quarters.  

Quarterly groundwater sampling was conducted at the PTT performance monitoring wells on June 6, 
2024. Sampling was conducted at upgradient well MW-41S, PTT well MW-106, and downgradient 
compliance well MW-105. Samples collected from these monitoring wells were analyzed for petroleum 
constituents of concern (COCs) – VOCs, SVOCs, VPH, and EPH. Samples from PTT well MW-106 and 
downgradient well MW-105 was also analyzed for biodegradation parameters.  

The monitoring well upgradient of the passive treatment trench (MW-41S) reported benzene 
concentrations exceeding the DEQ-7 Human Health Standards – Groundwater (DEQ-7 HHS) and the 
Risk-Based Screening Levels (RBSLs) of 5 µg/L. Benzene was detected at a concentration of 22.1 
µg/L, greater than the DEQ-7 HHS and RBSL of 5 µg/L, at monitoring well MW-106 installed within the 
trench.  Monitoring well MW-105 installed downgradient of the passive treatment trench reported 
benzene at 39.4 µg/L exceeding the DEQ-7 HHS and RBSL of 5 µg/L.  Within the trench (MW-106), 
VPH and C5-C8 Aliphatic were detected between the method detection limit and the reporting limit at 
a concentration of 149 µg/L and 102 µg/L, respectively. The C5-C8 Aliphatics concentration was below 
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the RBSL of 650 µg/L. Downgradient of the PTT (MW-105), VPH was detected at a concentration of 
1,610 µg/L with a C5-C8 Aliphatics concentration (adjusted) of 978 µg/L which exceeds the RBLS of 
650 µg/L Concentrations of contaminants of concern at the downgradient well MW-105 appear 
decreasing with time with some seasonal variability.  

The IM has been operational for approximately three years. Based on the performance monitoring 
conducted to date indicating that contaminant recovery is reaching asymptotic levels, operations, 
maintenance, and performance monitoring frequency has been evaluated as part of this QMR. 
Revisions to the operations, maintenance, and performance monitoring frequency are proposed for 
2025, including operating the DPE system in a pulsed manner for a period of 6.5 weeks followed by 
6.5 weeks of shutdown time followed by 13 weeks operationa/non-operational. Corresponding 
modifications to performance monitoring and maintenance frequency are also proposed.  

OM&M of the IM will continue to document the performance of the IM’s and will include semiannual 
performance reporting to the Montana Department of Environmental Quality (MDEQ) to ensure the IM 
objectives are continuing to be met. Further investigation/evaluation at the AOC-16 Truck Rack Source 
Area is being completed as part of the upcoming Resource Conservation Recovery Act (RCRA) Facility 
Investigation (RFI) activities. The results from the RFI and ongoing IM performance monitoring 
including during the pulsed operations will be evaluated in the Corrective Measures Study to determine 
if operational modifications are necessary or if a request to the MDEQ to cease operation and place the 
DPE system in standby mode is warranted.   
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1. INTRODUCTION 

Ramboll Americas Engineering Solutions, Inc. (Ramboll), on behalf of Calumet Montana Refining, LLC 
(CMR), has prepared this Area of Concern-16 (AOC-16) Interim Measure (IM) Quarterly Monitoring 
Report (QMR) No. 11 for the Calumet Great Falls Montana Refining facility located at 1900 10th Street 
NE, Great Falls, Montana to summarize the 3rd Quarter of operations in 2024 (July 1 through 
September 30, 2024) for the AOC-16 IM remedy selected to address petroleum releases at AOC-16.  

The CMR refinery is comprised of 82.7 acres of industrial/refinery operations and office buildings. The 
refinery produces gasoline, middle distillates, and asphalt for distribution in Washington, Montana, 
Idaho, and Alberta, Canada. AOC-16, referred to as the “Gasoline and Light Oil Loading Rack” or 
“truck loading rack,” is located within an approximately 7.6-acre parcel to the east of the active 
refinery and is owned by CMR (Figure 1).  

Activities were completed in accordance with the Corrective Action Order on Consent issued to 
Montana Refining Company, Inc. by the Montana Department of Environmental Quality (MDEQ) to 
govern the performance of Resource Conservation Recovery Act (RCRA) corrective action activities at 
the site. In 2016, petroleum related vapors were detected in an offsite residential property along 11th 
Street NE. The MDEQ issued an IM letter on October 11, 2016, directing CMR to address imminent 
threats to human health and/or the environment stemming from petroleum release near CMR’s 
Loading Rack (MDEQ, 2016). Immediate action consisting of relocating and filling an existing sanitary 
sewer to prevent migration of contaminants was undertaken. Between 2016 and 2019, in coordination 
with the MDEQ, investigation activities were undertaken, and alternative remedies were evaluated to 
address the petroleum release near the Loading Rack. Ultimately, an IM remedy approach was 
recommended consisting of dual-phase extraction (DPE) in the existing primary recovery trench (PRT) 
in the Truck Rack Area and Light non-aqueous phase liquid (LNAPL) recovery and a passive treatment 
trench (PTT) just north of North River Road.   

Construction of the AOC-16 IM remedies commenced in July 2021 and were completed in October 
2021 as documented in the AOC-16 Interim Measures AOC-16 IM Construction Documentation Report 
(CMR, 2022a). Construction activities included the installation of following IM remedies: 

• DPE remediation system in the Truck Rack Area, and 

• LNAPL recovery trench and PTT utilizing colloidal activated carbon at an area along North River 
Road. 

Commissioning of the AOC-16 IM was conducted from October 2021 through December 2021 and 
routine operations of the DPE system commenced on January 1, 2022. A 25-foot LNAPL recovery 
trench extension was completed between July 25, 2022, and July 29, 2022. Documentation of the 
extension construction activities were provided in the AOC-16 IM Construction Documentation Report 
Addendum 1 (CMR, 2022b). 

Corrective action remedial goals were developed as part of the AOC-16 Interim Measures Evaluation 
Report (CMR, 2019) to protect human health and the environment. The AOC-16 IM goals specific to 
each treatment area include: 
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• Truck Rack Area (DPE System) 

- Recover free phase LNAPL mass present in the area south of the Truck Rack to stabilize the 
LNAPL plume. 

- Reduce LNAPL within the vadose and saturated zone soil matrix to stabilize the dissolved 
phase plume. 

• North River Road Area (LNAPL recovery trench and PTT) 

- Mitigate dissolved phase groundwater impacts migrating from the Truck Rack Area towards 
the Missouri River. 

This AOC-16 IM 3rd Quarter 2024 Monitoring Report No. 11 summarizes the sampling results, 
operations, and performance monitoring data that were gathered for the AOC-16 IM from July 1, 2024 
through September 30, 2024, and presents: 1) system runtime for the DPE System; 2) DPE system 
operational data; 3) identification of operational problems, the length of any shutdowns, and a 
summary of actions taken to rectify or prevent these problems; 4) influent vapor and liquid sampling 
results and estimated contaminant mass removal rates for the DPE system; and 5) groundwater 
concentrations of constituents of concern (COC) in the PTT point of compliance well (MW-105) and PTT 
well (MW-106). The activities outlined in this report were performed in accordance with the 
Operations, Maintenance, and Monitoring (OM&M) Plan (CMR, 2021b). 

In addition, the IM’s have been operational for approximately three years. Based on the performance 
monitoring conducted to date, operations, maintenance, and performance monitoring frequency has 
been evaluated as part of this QMR. Revisions to the operations, maintenance, and performance 
monitoring frequency are proposed for year 2025 based on the data collected to date.  
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2. DPE SYSTEM OPERATIONS SUMMARY 

2.1 System Runtime 
During the period of July 1, 2024 through September 30, 2024, the DPE system was in operation 
approximately 90% of the time and extracted and discharged approximately 61,394 gallons of total 
fluids to CMR’s wastewater treatment plan (WWTP). Table 1 provides a summary of operations during 
this reporting period. A summary of the routine and non-routine system shutdowns is discussed 
below. 

2.1.1 Planned Shutdowns for Routine and Corrective Maintenance 

Brief shutdowns of the DPE system were performed to conduct maintenance activities, including filter 
replacement and level switch cleaning, monthly preventative maintenance, and inspection of 
equipment. The system was also shut down on August 13, 2024 to conduct semi-annual maintenance 
on the Self-Recuperative Catalytic Oxidizer (SRCO). The service report provided by the SRCO vendor, 
Catalytic Combustion is included as Appendix A indicating the SRCO system is in good condition with 
no detectable liquid carryover observed from the dual phase extraction system .  

2.1.2 Non-Routine/Unplanned Shutdowns 

A summary of the non-routine system shutdowns for this reporting period is presented below: 

• On August 20, 2024, the system shut down due to a malfunctioning high level float. The float was 
replaced and the system was restarted within 24 hours.    

• On August 24, 2024, the system shut down due to an overload fault on Blower BL2332. 
Troubleshooting indicated clogging/precipitation buildup. Blower BL2332 was taken out of service 
while Blower BL2331 continued to operate. On September 5, 2024, the system was shutdown to 
reinstall Blower BL2332.   

2.2 System Operation and Monitoring 

DPE system performance monitoring and sampling were conducted in accordance with the OM&M Plan 
(CMR, 2021b and CMR, 2021c) to document system operation effectiveness. It included monitoring of 
operations data, periodic vapor and effluent sampling to document contaminant mass recovery, 
monitoring well gauging, and sub-surface vacuum measurements. These parameters are discussed in 
the following sections.  
 
2.2.1 DPE Influent and Effluent Sampling Results 

Monitoring of contaminant mass removal is the primary metric for optimizing DPE system performance 
and gauging the AOC-16 IM objective of free-phase LNAPL mass recovery and LNAPL plume 
stabilization. 

Vapor 

Vapor/air extraction flow rates were continuously monitored and recorded by the system 
programmable logic controller (PLC) and influent vapor sampling was periodically conducted on a 
monthly basis in July, August and September 2024 to evaluate mass removal.  

The concentrations of volatile organic compound (VOCs) in the vapor phase were measured 
periodically on each DPE influent line (DPE-1 through DPE-8) using a photoionization detector (PID) to 
measure relative vapor concentrations from each DPE well. PID measurements from the DPE wells and 
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SP-301 port are summarized on Figures 2A and 2B. The highest PID reading during the reporting 
period was recorded at DPE-8 (397.4 ppm) on August 19, 2024. All DPE wells have shown increases in 
concentration from the 2nd quarter of 2024 in which all PID readings were less than 100 ppm; whereas 
all wells range from approximately 100 ppm to 400 ppm in the 3rd quarter of 2024. However, all wells 
dropped from greater than 800 parts per million (ppm) upon startup in October 2021 to less than 400 
ppm in the 3rd Quarter of 2024. 

Vapor samples were collected in July, August and September 2024 from SP-301. The samples were 
submitted to Pace National Laboratory located in Mount Juliet, Tennessee. The samples were analyzed 
for VOCs by the United States Environmental Protection Agency (USEPA) Method TO-15. Analytical 
results for detected compounds from the influent vapor samples are summarized in Table 2. 
Laboratory reports are included in Appendix B1. Historical analytical results and mass removal are 
included in Appendix C.  

Concentrations of benzene, toluene, ethylbenzene, and xylene (BTEX), n-hexane, and n-heptane in 
influent vapor over time are shown on Figure 3. These compounds were selected to evaluate vapor 
influent concentration trends as their concentrations were the highest as compared to other VOCs 
during the start-up sampling. Concentrations during the 3rd quarter of 2024 of BTEX, n-hexane, and n-
heptane are approximately four to five orders of magnitude less than the concentrations at startup in 
October 2021. For example, benzene concentrations decreased from 2,850,000 µg/m3 in October 
2021 to 428 µg/m3 in September 2024. Similarly, n-hexane concentrations have decreased from 
7,840,000 µg/m3 in October 2021 to 846 µg/m3 in September 2024. In the 3rd Quarter of 2024, n-
hexane values varied between a high of 4,230 µg/m3 in August 2024 and a low of 846 µg/m3 in 
September 2024. Note that concentrations of BTEX, n-hexane, and n-heptane have generally 
rebounded from low concentrations (less than 20 µg/m3 for all compounds) observed in January 2024. 

Based on historical system operation, it appears that contaminant recovery is a function of both 
overall reductions in volatile compounds in the subsurface and whether or not each well screen is 
submerged during sampling. To better understand the effect of submerged well screens, gauging ports 
were installed at each DPE well on August 23, 2023. Since then, the DPE wells have been gauged 
during each monthly sampling event as shown on Table 3.  

A review of this data indicates that some of the variability in contaminant recovery in the vapor phase 
over the operational life of the system is likely attributed to the time of sample collection. For 
example, during the July 2024 sampling event, the water level was below the drop tube elevation and 
well screens were exposed at four well locations (DPE-1, DPE-3, DPE-4, and DPE-5). During the 
August 2024 sampling event, fluid levels were below the drop tube elevation and screens were fully 
exposed at seven of the eight DPE wells (DPE-2 was the only submerged well). None of the DPE well 
screens were fully exposed during the September 2024 sampling event. The highest concentrations of 
VOCs in the vapor phase were recorded in August 2024 when seven of the eight well screens were 
exposed, while the lowest concentrations of VOCs in the vapor phase were recorded in September 
2024 when all eight well screens were submerged. In addition to the wells being fully submerged in 
September, lower than optimal vacuum readings at the DPE wells were recorded in the days before 
sampling due to clogging of the in-line filters and DPE blower screens. The screens were subsequently 
cleaned, and filters replaced resulting in increased vacuum and drawdown at the DPE wells.  

Note that the drop tube at DPE-2 was shortened by 1.5 feet on July 23, 2024 in an effort to increase 
drawdown at that location. Complete drawdown has not yet been observed; however, operations were 
limited immediately following the DPE shortening due to the maintenance issues related to the blowers 
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previously discussed. Continued optimization and flow balancing is recommended to optimize 
drawdown at all wells.  

The combination of vapor flow rates, system runtime, and vapor VOC concentrations were used to 
calculate the mass of contaminants removed. During the reporting period, the DPE system removed 
approximately 5.0 pounds of VOCs in the vapor phase as shown on Figure 4. As noted above, influent 
vapor concentrations (Table 2 and Figure 3) have dropped four to five orders of magnitude between 
the 4th quarter of 2022 and the 3rd quarter of 2024. As seven out of the eight DPE well screens 
appeared to be fully exposed during August 2024 event, the reductions in contaminant recovery at 
that time are likely due to an overall reduction in volatile organic compound concentration and mass in 
the subsurface. Lesser amounts of contaminant mass removal were noted in July and September as 
compared to August; however, saturated well screens and non-optimal operation may have 
contributed to this lower mass removal amount. Continued frequent gauging of DPE fluid levels and 
flow balancing is recommended to continue to maximize mass removal. 

The post-catalyst outlet temperature on the Self-Recuperative Catalytic Oxidizer (SRCO) unit also 
serves as a continuous relative indicator of contaminant mass with higher temperatures corresponding 
to relatively greater contaminant mass (Figure 8). Prior to January 2023 as shown in previous 
Quarterly Monitoring Reports, the post-catalyst process air temperature consistently exceeded 800 
degrees F. During operational periods during this quarter, the SRCO post-catalyst outlet temperature 
remained at 650 degrees F while in operation. Even with seven of eight wells fully dewatered in 
August 2024, the post-catalyst process air temperature only reached a maximum value of 670 
degrees F on August 18, 2024. This indicates reduced mass and/or shift from average lighter end to 
average heavier end hydrocarbon loading to the SRCO unit. This result corroborates the analytical 
data collected as noted above, reductions are likely now predominantly attributable to overall 
reductions in volatile compounds in the subsurface as opposed to saturated well screens and non-
optimal recovery. 

Influent VOC concentrations as measured through vapor VOC sampling, PID readings at individual 
wells, and post-catalyst outlet temperature have decreased with time. Continued flow balancing and 
periodic manual measurement of water level elevations in DPE wells is recommended to maximize 
drawdown throughout the trench to influence the residual contamination in the zone of water table 
fluctuation. Further operational changes, including pulsed operations are recommended moving 
forward as further discussed in Section 4.  

Liquid 

Effluent samples of groundwater were collected from the discharge side of the transfer pump in July, 
August, and September 2024 and submitted to the Pace National Laboratory located in Mount Juliet, 
Tennessee for analysis of VOCs, semi-volatile organic compounds (SVOCs), volatile petroleum 
hydrocarbons (VPH), and extractable petroleum hydrocarbons (EPHs).  Analytical results from the 
effluent sampling are summarized in Table 4. Laboratory reports are included in Appendix B2. 
Historical analytical results and mass removal estimates are included in Appendix D. 

The combination of fluid recoveries and contaminant concentrations were used to calculate the mass 
of contaminants removed in the dissolved phase. In the dissolved phase during the reporting period, 
the DPE system removed 0.03 pounds of VOCs, 0.02 pounds of SVOCs, 19.5 pounds of VPH, and 93.4 
pounds of EPH. Mass recovery of all compounds were similar across each month. Concentration trends 
indicate that liquid recovery is shifting to heavier end compounds (i.e. EPH) as compared to more 
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volatile compounds (i.e. VOCs). This phenomenon also explains the low VOC recovery in the vapor 
phase when the well screens and drop tubes are submerged and the system is predominantly 
extracting liquids. In this case, the smear zone is submerged and any VOCs in the vapor phase are 
VOCs volatilizing from the liquid instead of VOCs present in the vadose zone. When the system is 
predominantly pulling liquid, all VOCs measured are coming directly from the liquid. Since the 
beginning of operation, the fraction of VOCs in the liquid phase have decreased.  

Separate phase LNAPL recovery is not quantified. Total fluids (combined LNAPL and water) in the 
effluent are pumped to the refinery’s on-site WWTP where oil-water separation occurs. However, 
visual observations of LNAPL in the DPE system knockout tank (T-23100) sight glass serve as a 
qualitative indicator of LNAPL recovery. Small amounts of LNAPL were observed within the knock-out 
tank sight glass. Qualitatively, the amount of LNAPL observed in the sight glass is lower than in 
previous quarters.  

As shown on Figure 4, total VOC, SVOC, VPH, and EPH mass removed in the vapor and dissolved 
phase since DPE system startup in October 2021 and through September 30, 2024, is calculated to be 
approximately 2,919 pounds, 14.2 pounds, 267 pounds, and 3,018 pounds, respectively.  

2.2.2 Groundwater Elevations  

Monitoring wells in AOC-16 area (MW-22, MW-41S, MW-41D, MW-53, MW-57, MW-59S, MW-59D, 
MW-63, MW-64, MW-102, MW-103, MW-104, MW-105, and MW-106) were gauged in July, August and 
September 2024. The depth to water and if observed, separate-phase LNAPL thickness 
measurements, were recorded.  These measurements are presented in Table 5. Groundwater well 
locations with respect to the remedy components are shown on Figure 1. Groundwater contours are 
provided on Figure 5A through 5C. In general, groundwater elevations throughout the 3rd quarter of 
2024 were around historical averages.  
 
2.2.3 Sub-Surface Vacuum 

Sub-surface vacuum measurements were recorded monthly at three monitoring wells (MW-22 located 
26 feet from DPE-3, MW-64 located 21 feet from DPE-6, MW-104 located 13 feet from DPE-3, and 22 
feet from DPE-4).  These measurements are shown on Figure 6.  Based on the measurements, 
vacuum was observed at MW-104 but not MW-22 or MW-64, so the current radius of influence (ROI) is 
estimated to be between 13 and 21 feet. Subsurface vacuum will continue to be monitored to 
document the estimated zone of influence of the DPE system.  

2.2.4 Overall System Performance and Optimization 

This section compares the primary design parameters to the observed/measured values during the 
reporting period to evaluate the system performance. These parameters are discussed in detail in 
following sections and summarized in Table 1. 

Liquid Extraction Rate 

The average design flow rate for the DPE system is between 0.25 gallons per minute (gpm) during 
steady-state operation and 21 gpm during rainfall events. The combination of fluid recoveries and 
system run time was used to calculate liquid flow rate during the reporting period. The DPE system 
extracted fluids at an average rate of 0.55 gpm which is within the design flow rates. Average 
groundwater extraction rates during the reporting period were average compared to previous 
reporting periods.  
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Vapor Influent Flow Rate and Applied Vacuum 

The design vapor influent flow rate and applied vacuum are 200 standard cubic per minute (SCFM) 
and 17 inches of mercury (in-Hg), respectively. System flow rate and system vacuum at the header 
during the reporting period are shown on Figure 7. The vacuum averaged 11.6 in-Hg in July, 8.6 in-Hg 
in August and 8.3 in-Hg in September below the design vacuum of 17 in-Hg. Flows in July 2024 
averaged 84 SCFM, flows in August 2024 averaged 70 SCFM and flows in September averaged 82 
SCFM.  

SRCO Performance Monitoring 

The SRCO has a design destruction efficiency of 99% per manufacturer’s specifications. To show 
compliance with the air permit, the SRCO pre- and post-catalyst process air temperature is monitored. 
The pre-catalyst process air temperature must be greater than 650°F to ensure a destruction 
efficiency of 99%. The SRCO temperature monitoring results during the reporting period is shown on 
Figure 8. As shown on Figure 8, the pre-catalyst process air temperature was at least 650°F while the 
system was in operation.  
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3. LNAPL RECOVERY TRENCH AND PTT 

3.1 LNAPL Monitoring and Passive LNAPL Recovery 
The 17 LNAPL collection wells located in the LNAPL recovery trench were gauged periodically 
throughout this reporting period (Figure 1).  Fluid levels collected from the LNAPL wells are 
summarized in Table 6 and on Figure 9. No measurable LNAPL or sheens were observed at any well 
during the reporting period. 

Passive skimmers are deployed in eight of the wells – LNAPL-2, LNAPL-4, LNAPL-5, LNAPL-6, LNAPL-7, 
LNAPL-8, LNAPL-10, and LNAPL-11. As no measurable LNAPL was observed in the wells during the 
reporting period, no LNAPL was recovered via the passive skimmers.  

It is recommended that LNAPL thickness be monitored on a bi-weekly (every other) basis through the 
4th quarter. Measurable LNAPL thickness has not been recorded during any sampling event in 2024. 
Therefore, it is recommended that monitoring for LNAPL be reduced from bi-weekly to monthly in 
2025. Passive recovery devices are recommended to remain in wells for the first half of 2025. If no 
further NAPL is recorded, removal of the passive recovery devices is suggested.   

3.2 Groundwater Monitoring 

The primary goal of the PTT is to mitigate dissolved phase groundwater impacts from migrating 
towards the Missouri River. Quarterly groundwater sampling was conducted on September 12, 2024, 
at upgradient well MW-41S, PTT well MW-106, and compliance well MW-105 (Figure 1).   

3.2.1 Monitoring Well Sampling 

The monitoring wells were sampled using low-flow techniques on September 12, 2024. During the 
purging of each well, field measurements were collected for water quality parameters, including 
dissolved oxygen (DO), pH, specific conductance, temperature, and oxidation reduction potential 
(ORP). The field measurements were recorded every 5 minutes during well purging. The physical and 
chemical field measurements collected when purging the monitoring wells are summarized in the 
groundwater sampling logs in Appendix E. 

After all the samples were collected, they were sealed, labeled, and placed on ice, pending delivery 
under chain-of-custody procedures to Pace located in Mount Juliet, Tennessee. The groundwater 
samples were analyzed for VOCs (via USEPA Method SW8260D), SVOCs (via USEPA Method SW 
8270D), MDEQ VPH (via Method MDEQ VPH), and MDEQ EPH (via Method MDEQ EPH). Samples were 
also analyzed for the following parameters to assess the biodegradation dynamics of the COCs: 
filtered and unfiltered total iron, total manganese, dissolved iron, and dissolved manganese (via 
USEPA Method 6020B), sulfate and nitrate (via USEPA Method 9056A), biological oxygen demand 
(BOD) (via USEPA Method 5210B), alkalinity (via USEPA Method 2320B), methane (via method RSK - 
175), and carbon dioxide (via USEPA Method 4500-CO2). 

The wells did not yield enough volume to facilitate the collection of field duplicate samples or a matrix 
spike/matrix spike duplicate (MS/MSD) sample. One trip blank was submitted along with each 
laboratory cooler for quality assurance/quality control (QA/QC) purposes. Methods and procedures for 
collecting, handling, and analyzing samples are provided in the Quality Assurance Project Plan (QAPP) 
(CMR, 2018). Treatment and disposal of purge water generated during monitoring well sampling was 
handled consistent with existing project procedures. 
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Note that groundwater samples were also collected in July 2024 at monitoring wells MW-41S and MW-
105 as part of the site-wide RFI activities. Monitoring well MW-106 was not included in the site-wide 
monitoring event. Results are included in Table 7 and Figures 10A and 10B and included in the 
discussion below.  

3.2.2 Groundwater Analytical Results – July and September 2024 

The groundwater analytical results for detected compounds from the July 2024 and September 2024 
sampling event are provided in Table 7.  Previous quarterly groundwater sampling results from 
October 2021 through June 2024 are also provided in Table 7 for comparison purposes. Analytical 
compounds that met or exceeded the respective MDEQ -7 HHS (May 2017) and/or MDEQ Tier 1 
Groundwater Risk-Based Screening Levels (RBSLs) are bolded and/or underlined, respectively, for 
reference. Laboratory reports are included in Appendix B3. 

The following subsections provide a summary of the analytical parameters detected in the monitoring 
wells in July and September 2024 and compare those detections to the DEQ-7 HHS in groundwater 
and RBSLs. 

VOCs 

Of the VOCs detected during the July and September 2024 groundwater sampling event at AOC-16, 
only benzene was detected above its respective groundwater screening standard.1  

The monitoring well upgradient of the passive treatment trench (MW-41S) reported benzene at 406 
micrograms per liter (µg/L) in July and 574 µg/L exceeding the DEQ-7 HHS and RBSL of 5 µg/L. 
Benzene was detected from the location (MW-106) installed within the trench in September 2024 at a 
concentration of 22.1 µg/L exceeding the DEQ-7 HHS and RBSL. The monitoring well (MW-105) 
installed downgradient of the passive treatment trench reported benzene at 8.4 µg/L in July and 39.4 
µg/L in September just exceeding the DEQ-7 HHS and RBSL of 5 µg/L.   

SVOCs 

In July 2024, 1-methylnaphthalene exceeded the RBSLs at upgradient well MW-41S. No SVOCs were 
detected at concentrations exceeding the DEQ-7 HHS or the RBSLs in downgradient wells MW-105 or 
MW-106.  

VPH, and EPH 

The upgradient monitoring well (MW-41S) had detectable concentrations of volatile petroleum 
hydrocarbons (VPH) via method MTDEQ VPH of 5,380 µg/L with a C5-C8 Aliphatic concentration 
(adjusted) of 846 µg/L which exceeds the RBSL of 650 µg/L in September 2024. Within the trench 
(MW-106), VPH and C5-C8 Aliphatics were detected between the method detection limit and reporting 
limit at a concentration of 149 µg/L and 102 µg/L, respectively, which are both less than the RBSL. 
Downgradient of the PTT (MW-105), VPH was detected at a concentration of 1,610 µg/L with a C5-C8 
Aliphatics concentration (adjusted) of 978 µg/L which exceeds the RBLS of 650 µg/L. 

3.2.3 Evaluation of Concentration Trends Over Time 
To evaluate concentration trends over time, the concentrations of benzene, C5-C8 Aliphatics, and VPH 
were plotted for each of the three monitoring wells (i.e., MW41S, MW-106, and MW-105). Baseline 
sampling data from June 2020 through October 2021 are included on Figures 10A through 10C along 
 
1 All VOC results reported in this section are from USEPA Method 8260B. 
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with post-remediation data. This historical data was previously reported in the 2020/2021 Annual 
Groundwater Sampling Summary Report (CMR, 2021a) and Construction Documentation Report (CMR, 
2022a). Benzene and C5-C8 Aliphatics (adjusted) were selected as indicator compounds because they 
were the two compounds that exceed DEQ-7 HHSs and/or RBSLs during the baseline sampling event 
in October 2021. While there are no DEQ-7 HHSs and RBSLs for VPH, VPH represents a range of 
hydrocarbons and serves as an overall indicator of contaminant loading to the PTT.  

The benzene, C5-C8 Aliphatics and VPH sampling results at upgradient well MW-41S showed the 
following changes between October 2021 and September 2024: 

• Benzene has ranged from a maximum concentration of 1,900 µg/L in October 2021 to a minimum 
value of 190 µg/L in March 2023.  

• VPH has remained relatively consistent with some variability between sampling events prior to this 
quarter with a maximum value of 9,800 µg/L in June 2022 and a minimum value of 3,100 µg/L in 
March 2022.  

• C5-C8 Aliphatics have remained relatively consistent between sampling events with a minimum 
value of 392 µg/L in March 2023 and a maximum value of 1,500 µg/L in October 2021. There 
appears to be some seasonal variability in the C5-C8 Aliphatic concentrations with lower 
concentrations observed in the spring and summer months and higher concentrations observed in 
the fall and winter.  

The benzene, C5-C8 Aliphatics and VPH sampling results at well MW-106 located in the PTT showed 
the following changes between October 2021 and September 2024: 

• Benzene had not been detected during any sampling events until the June 2024 sampling event 
where benzene was detected at a concentration of 1.6 µg/L and in September 2024 at a 
concentration of 22.1 µg/L. Further monitoring is needed to understand the trends associated with 
this well.  

• VPH had not been detected between October 2021 and June 2022, but was detected at 
concentration of 189 µg/L in August 2022, 108 µg/L in December 2022, 85.9 µg/L in June 2023, 
533 µg/L in September 2023, 67.1 µg/L in December 2023, and 149 µg/ in September 2024. VPH 
was not detected in February 2024 or June 2024.   

• C5-C8 Aliphatics had not been detected between October 2021 and June 2022, but was detected 
in August 2022 a concentration of 153 µg/L, in December 2022 at a concentration of 80 µg/L, in 
June 2023 at a concentration of 85.9 µg/L, in September 2023 at a concentration of 495 µg/L, and 
in December 2023 at a concentration of 67.1 µg/L, in June 2024 at a concentration of 59.3 µg/L, 
and in September 2024 at a concentration of 79.9 µg/L. Detected results and the detection limit 
remain less than the RBSL of 650 µg/L and no trend is apparent at this time.  

The benzene, C5-C8 Aliphatics, and VPH sampling results at well MW-105 located downgradient of the 
PTT showed the following changes between October 2021 and September 2024: 

• Benzene have varied from a maximum of 570 µg/L in October 2021 to a minimum 3.91 µg/L in 
February 2024. Trends are generally decreasing with time since the installation of the PTT with 
some variability between sampling events. Trends appear to indicate that concentrations are 
higher in spring/summer months than in winter months. A comparison of sampling results in the 
third quarter between sampling events indicate a maximum concentration of 570 µg/L in 
September 2020 prior to the installation of the PTT. Concentrations after the installation of the PTT 
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in the third quarter of each year have decreased from 85 µg/L in August 2022, to 85 µg/L in 
September 2023 to 29.4 µg/L in September 2024.  

• VPH appears variable with a maximum concentration of 1,900 µg/L in October 2021 to less than 
detection levels in February 2024. Trends appear to indicate that concentrations are higher in 
spring/summer months than in winter months.  

• C5-C8 Aliphatics appear variable with a maximum concentration of 1,800 µg/L in February 2021 to 
less than detection levels in February 2024. Trends appear to indicate that concentrations are 
higher in spring/summer months than in winter months.  

Analytical results from groundwater samples collected from monitoring wells located up-gradient, 
down-gradient and from within the PTT indicate that the concentration of dissolved phase petroleum 
COCs decreased across the PTT initially meeting the goal of the PTT to mitigate the dissolved phase 
groundwater impacts from migrating from the Truck Rack to the Missouri River. Results at well MW-
106 within the PTT indicates some initial rebound within the trench itself. Note that the monitoring 
well is installed at the halfway point of the 5-foot-wide carbon amended material meaning that there is 
still approximately 2.5 feet of carbon amended material available for fully adsorbing contaminants. 
Additionally, as noted in previous quarterly monitoring reports, available electron acceptor 
concentrations of nitrate and sulfate have reduced significantly in the trench indicating a slowing of 
the biodegradation reactions which may be contributing to the rebound. As such, it is recommended 
that monitoring the biodegradation indicators and groundwater quality within the PTT continue over 
time. If there are further indicators of significant rebound within the trench, additional measures to 
accelerate the rate of biodegradation may be considered. However, the timescale for consideration of 
these alternate measures is on the order of years.  

Concentrations of COCs appear to be fluctuating with time at the down-gradient compliance point. 
Initial trends indicate that there is seasonable variability in concentrations at downgradient well MW-
105. A review of benzene data indicates decreasing concentration trends when considered for seasonal 
variability.  

Biodegradation Parameters 

Field parameters including pH, conductivity, turbidity, ORP, and dissolved oxygen are provided in 
Table 8. Low dissolved oxygen (generally less than 0.5 mg/L) and low or negative ORP values serve as 
indicators of the presence of reducing conditions. The lower the ORP and DO, the greater the potential 
for a reducing and anaerobic environment. During the last sampling event at all three wells, ORP was 
negative and dissolved oxygen was close to zero indicating reducing conditions.   



AOC-16 IM 3rd Quarter 2024 Monitoring Report No. 11 
Calumet Montana Refining, LLC Great Falls, Montana 

 

December 17, 2024  12 

4. CONCLUSION AND RECOMMENDATIONS 

During this reporting period from July 1, 2024, through September 30, 2024, the DPE system 
operated approximately 90% of the available time. During this reporting period, the DPE system 
extracted and discharged approximately 61,394 gallons of total fluids to CMR’s WWTP while in 
operation.  

DPE System Performance 

Initial mass removal rates indicate that the DPE system in the Truck Rack Area is meeting the AOC-16 
IM goals of recovering free phase LNAPL mass and reducing the LNAPL within the vadose and 
saturated zone soil matrix. 

During the reporting period, the DPE system removed approximately 5.0 pounds of VOCs in the vapor 
phase, and 0.03 pounds of VOCs, 0.02 pounds of SVOCs, 19.5 pounds of VPH, and 93.4 pounds of 
EPH in the liquid phase. Total VOC, SVOC, VPH, and EPH mass removed in the vapor and dissolved 
phase since DPE system startup in October 2021 and through September 30, 2024, is calculated to be 
approximately 2,919 pounds, 14.2 pounds, 267 pounds, and 3,018 pounds, respectively. Total influent 
vapor VOC concentrations were approximately 4 orders of magnitude lower than during startup during 
this quarter. Flow rebalancing and optimization has resulted in the majority of the wells operating 
under dewatered conditions indicating that reductions in contaminant mass recovery are 
predominantly due to reduced contaminant mass present in the subsurface.  

The pre-catalyst SRCO temperature remained above its minimum operating temperature setpoint of 
650˚F while in operation, indicating at least 99% destruction efficiency of the extracted petroleum 
vapors prior to being discharged to the atmosphere.   

DPE System Modification Recommendations 

Multiple performance metrics indicate that the mass recovery of the remediation system is reaching 
asymptotic levels including:  

• Influent vapor concentrations have dropped four to five orders of magnitude between system 
startup and the 3rd quarter of 2024. 

• The post-catalyst outlet temperature on the Self-Recuperative Catalytic Oxidizer (SRCO) which 
serves as a continuous relative indicator of contaminant mass with higher temperatures 
corresponding to relatively greater contaminant mass has seen temperatures drop from 
greater than 800 degrees F during the first year of operation to less than 670 degrees F in the 
3rd quarter of 2024. 

• Sampling of the liquid effluent indicates that liquid recovery is shifting to heavier end 
compounds (i.e. EPH) as compared to the more volatile compounds (i.e. VOCs). 

• A small amount of LNAPL was observed within the knock-out tank sight glass during the 3rd 
quarter of 2024. Qualitatively, the amount of LNAPL observed in the sight glass is lower than 
in previous quarters.  

System operation for the first three quarters of 2024 has exceeded 85% runtime. Consistent with the 
OM&M Plan, modifications to operate the system in a pulsed manner are recommended in 2025. Based 
on observations to date, the maximum contaminant recovery occurs when the system is fully 
dewatered, all water within the wells are drawn below the top of the wells screens, and the LNAPL 
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smear zone is exposed.  Therefore, it is recommended that the pulsing be performed such that the full 
system (all eight DPE wells) are either fully operational or non-operational. Based on observations to 
date, it takes approximately one week from system start-up to reach a steady-state condition of 
maximum dewatering. Two periods system shutdown are proposed consisting of an initial period of 6.5 
weeks of system shutdown followed by full operation for 6.5 weeks. Once this shorter pulsing is 
complete, a period of 13 weeks of system shutdown followed by full operation for 13 weeks is 
proposed. This stepped, phased approach will initially allow for monitoring during a shorter 
shutdown/startup period followed by a longer shutdown/startup period.  

It is also recommended that the frequency of performance monitoring events be modified to monitor 
and track how the pulsed operations impact contaminant recovery. The recommended updated 
monitoring frequency is provided on Table 9 below.  

Table 9:  Proposed DPE System Field Monitoring Schedule 

Monitoring Activity Sampling Location 

Monitoring Frequency 

Historical Monitoring 
Frequency 

Proposed 
Monitoring 
Frequency  

Influent Vapor 
Monitoring with PID 

Wells RW-2301 through 
RW-2308 at sampling ports 
SP-1 through SP-8 

Monthly During 6.5-week 
operation period: At 
start-up; at 3 
weeks on; at 6.5 
weeks on 
During 13 week 
operation perod: At 
startup; at 3 weeks 
on; at 6.5 weeks 
on; at 13 weeks on 

Influent Vapor 
Monitoring with PID 

Influent at sample port 
SP301 

Monthly During 6.5-week 
operation period: At 
start-up; at 3 
weeks on; at 6 
weeks on 
During 13 week 
operation perod: At 
startup; at 3 weeks 
on; at 6.5 weeks 
on; at 13 weeks on 

Influent Vapor 
Monitoring with 
laboratory analysis of 
TO-15 

Influent at sample port 
SP301 

Monthly During 6-week 
operation period: At 
start-up; at 3 
weeks on; at 6 
weeks on 
During 13 week 
operation perod: At 
startup; at 3 weeks 
on; at 6.5 weeks 
on; at 13 weeks on 
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The proposed non-operational and monitoring schedule will be reevaluated after each cycle is 
completed in the fourth quarter of 2025. Based on the results of the pulsed operation and 
performance monitoring, if the DPE System continues to show an asymptotic mass removal rate, a 
request will be submitted to the MDEQ to place the DPE System in standby mode. 

Given the change in proposed operations, semi-annual monitoring reports will be prepared after the 
completion of the 6.5 week operational period and after completion of the 13 week operational period.  

Monitoring Activity Sampling Location 

Monitoring Frequency 

Historical Monitoring 
Frequency 

Proposed 
Monitoring 
Frequency  

Liquid phase effluent 
sample with laboratory 
analysis of VOCs, 
SVOCs, VPH, and EPH 

SP200 Monthly During 6-week 
operation period: At 
start-up; at 3 
weeks on; at 6 
weeks on 
During 13 week 
operation perod: At 
startup; at 3 weeks 
on; at 6.5 weeks 
on; at 13 weeks on 

LNAPL Thickness MW-22, MW-41S, MW-41D, 
MW-53, MW-57, MW-63, 
MW64, MW-57, MW-59S, 
MW-59D, MW-102, MW103, 
MW-104, MW-105, and 
MW-106 

Monthly Monthly during both 
operational and 
non-operational 
periods 

Fluid Levels and LNAPL 
Thickness 

DPE wells 1 through 8 Monthly concurrent 
with Influent Vapor 
Monitoring 

Monthly during non-
operational periods 
Prior to system 
startup 
During 6.5-week 
operation period:  
At start-up; at 3 
weeks on; at 6.5 
weeks on 
During 13 week 
operation perod: At 
startup; at 3 weeks 
on; at 6.5 weeks 
on; at 13 weeks on 

Subsurface Vacuum MW-22, MW-64, and 
MW-104 

Monthly During 6-week 
operation period: At 
start-up; at 3 
weeks on; at 6 
weeks on 
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Note that the frequency of preventative maintenance and inspection activities will also be modified to 
reflect the modifications in operational schedule. Weekly and monthly inspections will occur during the 
operational periods. Preventative maintenance of the system requiring shutdowns such as semi-annual 
and annual maintenance activities will be scheduled to occur during scheduled non-operational 
periods.   

PTT Performance 

Analytical results from groundwater samples collected from monitoring wells located up-gradient, 
down-gradient and from within the PTT indicate that the concentration of dissolved phase petroleum 
COCs decreased across the PTT meeting the goal of mitigating the dissolved phase groundwater 
impacts from migrating from the Truck Rack to the Missouri River. Some rebound in the PTT well MW-
106 has been observed requiring further monitoring. Concentration trends are decreasing at 
downgradient performance monitoring well MW-105 with some seasonable variability.  

Based on the observed concentration trends to date at MW-41S, PTT well MW-106 and compliance 
well MW-105, no modifications to the groundwater sampling frequency is proposed. Quarterly 
sampling for VOCs, SVOCs, VPH and EPH will continue throughout 2025. Continued semi-annual 
sampling for biodegradation indicator parameters is also recommended.  

No measurable LNAPL beyond trace levels have been observed throughout the first three quarters of 
2024 in the 17 LNAPL recovery wells. Therefore, it is recommended that gauging of the LNAPL 
recovery wells be reduced to once per month. If measurable LNAPL is recorded, the frequency may be 
modified as needed.  

OM&M of the interim measures will continue to document the performance of the IM’s and will include 
periodic performance reporting to the MDEQ to ensure the IM objectives are being met. Further 
investigation/evaluation of the petroleum impacts at the AOC-16 Truck Rack Area will be completed as 
part of the upcoming RCRA RFI activities.  
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APPENDIX A 
SRCO ANNUAL INSPECTION REPORT 
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APPENDIX B 
LABORATORY ANALYTICAL REPORTS 

B1:  Dual-Phase Extraction Vapor Analytical Results 

B2:  Dual-Phase Extraction Effluent Liquid Analytical Results 

B3:  Passive Treatment Trench Groundwater Analytical Results 

 
 

  



































































































































































































































SAMPLE RESULTS - 01
L 1 7 8 1 8 3 0

CMR-SP200-240924
C o l l e c t e d  d a t e / t i m e :   0 9 / 2 4 / 2 4  0 9 : 4 5

Volatile Organic Compounds (GC/MS) by Method 8260B

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte ug/l ug/l ug/l date / time

Di-isopropyl ether U 1.05 5.00 10 10/04/2024 19:58 WG2376151

Ethylbenzene 2.06 J 1.37 5.00 10 10/04/2024 19:58 WG2376151

Hexachloro-1,3-butadiene U 3.37 10.0 10 10/04/2024 19:58 WG2376151

2-Hexanone U 7.87 50.0 10 10/04/2024 19:58 WG2376151

n-Hexane U 7.49 50.0 10 10/04/2024 19:58 WG2376151

Iodomethane U 5.54 50.0 10 10/04/2024 19:58 WG2376151

Isopropylbenzene U 1.05 5.00 10 10/04/2024 19:58 WG2376151

p-Isopropyltoluene 1.42 J 1.20 5.00 10 10/04/2024 19:58 WG2376151

2-Butanone (MEK) U 11.9 50.0 10 10/04/2024 19:58 WG2376151

Methylene Chloride U 4.30 25.0 10 10/04/2024 19:58 WG2376151

4-Methyl-2-pentanone (MIBK) U 4.78 50.0 10 10/04/2024 19:58 WG2376151

Methyl tert-butyl ether U 1.01 5.00 10 10/04/2024 19:58 WG2376151

Naphthalene 12.9 B J 1.74 25.0 10 10/04/2024 19:58 WG2376151

n-Propylbenzene U 0.993 5.00 10 10/04/2024 19:58 WG2376151

Styrene U 1.18 5.00 10 10/04/2024 19:58 WG2376151

1,1,1,2-Tetrachloroethane U 1.47 5.00 10 10/04/2024 19:58 WG2376151

1,1,2,2-Tetrachloroethane U 1.33 5.00 10 10/04/2024 19:58 WG2376151

1,1,2-Trichlorotrifluoroethane U 1.80 5.00 10 10/04/2024 19:58 WG2376151

Tetrachloroethene U 3.00 5.00 10 10/04/2024 19:58 WG2376151

Toluene U 2.78 5.00 10 10/04/2024 19:58 WG2376151

1,2,3-Trichlorobenzene U 1.64 5.00 10 10/04/2024 19:58 WG2376151

1,2,4-Trichlorobenzene U 4.81 10.0 10 10/04/2024 19:58 WG2376151

1,1,1-Trichloroethane U 1.49 5.00 10 10/04/2024 19:58 WG2376151

1,1,2-Trichloroethane U 1.58 5.00 10 10/04/2024 19:58 WG2376151

Trichloroethene U 1.90 5.00 10 10/04/2024 19:58 WG2376151

Trichlorofluoromethane U 1.60 25.0 10 10/04/2024 19:58 WG2376151

1,2,3-Trichloropropane U 2.37 25.0 10 10/04/2024 19:58 WG2376151

1,2,4-Trimethylbenzene 21.8 3.22 5.00 10 10/04/2024 19:58 WG2376151

1,2,3-Trimethylbenzene 24.8 1.04 5.00 10 10/04/2024 19:58 WG2376151

1,3,5-Trimethylbenzene 14.8 1.04 5.00 10 10/04/2024 19:58 WG2376151

Vinyl acetate U 6.92 50.0 10 10/04/2024 19:58 WG2376151

Vinyl chloride U 2.34 5.00 10 10/04/2024 19:58 WG2376151

Xylenes, Total 15.8 1.74 15.0 10 10/04/2024 19:58 WG2376151

    (S) Toluene-d8 103 80.0-120 10/04/2024 19:58 WG2376151

    (S) 4-Bromofluorobenzene 105 77.0-126 10/04/2024 19:58 WG2376151

    (S) 1,2-Dichloroethane-d4 105 70.0-130 10/04/2024 19:58 WG2376151

Sample Narrative: 

     L1781830-01 WG2376151: Non-target compounds too high to run at a lower dilution.

TPH by Method MTDEQ EPH

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte ug/l ug/l ug/l date / time

Unadjusted C9-C18 Aliphatics 61100 6000 18000 30 10/01/2024 15:11 WG2371311

Unadjusted C19-C36 Aliphatics 21700 6000 18000 30 10/01/2024 15:11 WG2371311

Unadjusted C11-C22 Aromatics 23800 3000 9000 15 10/01/2024 15:11 WG2371311

Unadjusted Total Petroleum 
Hydrocarbons 107000 3000 9000 15 10/01/2024 15:11 WG2371311

Adjusted C11-C22 Aromatics 23800 3000 9000 15 10/01/2024 15:11 WG2371311

Adjusted Total Petroleum 
Hydrocarbons 107000 3000 9000 15 10/01/2024 15:11 WG2371311

    (S) o-Terphenyl 0.000 J2 40.0-140 10/01/2024 15:11 WG2371311

    (S) 1-Chloro-octadecane 0.000 J7 40.0-140 10/01/2024 15:11 WG2371311

    (S) 2-Fluorobiphenyl 0.000 J2 40.0-140 10/01/2024 15:11 WG2371311

    (S) 2-Bromonaphthalene 0.000 J2 40.0-140 10/01/2024 15:11 WG2371311
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QUALITY CONTROL SUMMARYWG2376151
V o l a t i l e  O r g a n i c  C o m p o u n d s  ( G C / M S )  b y  M e t h o d  8 2 6 0 B L 1 7 8 1 8 3 0 - 0 1 , 0 2

Laboratory Control Sample (LCS) • Laboratory Control Sample Duplicate (LCSD)

(LCS) R4130544-1  10/04/24 12:14 • (LCSD) R4130544-2  10/04/24 12:34

 Spike Amount LCS Result LCSD Result LCS Rec. LCSD Rec. Rec. Limits LCS Qualifier LCSD Qualifier RPD RPD Limits

Analyte ug/l ug/l ug/l % % % % %

Acetone 25.0 13.1 12.9 52.4 51.6 19.0-160 J J 1.54 27

Acrylonitrile 25.0 14.3 15.1 57.2 60.4 55.0-149 5.44 20

Benzene 5.00 4.65 4.55 93.0 91.0 70.0-123 2.17 20

Bromobenzene 5.00 4.93 4.73 98.6 94.6 73.0-121 4.14 20

Bromodichloromethane 5.00 4.55 4.48 91.0 89.6 75.0-120 1.55 20

Bromochloromethane 5.00 4.34 4.46 86.8 89.2 76.0-122 2.73 20

Bromoform 5.00 4.14 4.17 82.8 83.4 68.0-132 0.722 20

Bromomethane 5.00 5.19 5.53 104 111 10.0-160 6.34 25

n-Butylbenzene 5.00 4.87 4.85 97.4 97.0 73.0-125 0.412 20

sec-Butylbenzene 5.00 4.90 4.80 98.0 96.0 75.0-125 2.06 20

tert-Butylbenzene 5.00 5.01 4.92 100 98.4 76.0-124 1.81 20

Carbon disulfide 5.00 4.08 4.03 81.6 80.6 61.0-128 1.23 20

Carbon tetrachloride 5.00 4.68 4.38 93.6 87.6 68.0-126 6.62 20

Chlorobenzene 5.00 4.92 4.86 98.4 97.2 80.0-121 1.23 20

Chlorodibromomethane 5.00 4.67 4.51 93.4 90.2 77.0-125 3.49 20

Chloroethane 5.00 4.93 4.90 98.6 98.0 47.0-150 0.610 20

2-Chloroethyl vinyl ether 25.0 25.2 24.6 101 98.4 51.0-160 J J 2.41 20

Chloroform 5.00 4.51 4.59 90.2 91.8 73.0-120 1.76 20

Chloromethane 5.00 5.00 4.92 100 98.4 41.0-142 1.61 20

2-Chlorotoluene 5.00 4.88 4.51 97.6 90.2 76.0-123 7.88 20

4-Chlorotoluene 5.00 4.98 4.69 99.6 93.8 75.0-122 6.00 20

1,2-Dibromo-3-Chloropropane 5.00 3.55 3.21 71.0 64.2 58.0-134 10.1 20

1,2-Dibromoethane 5.00 4.78 4.75 95.6 95.0 80.0-122 0.630 20

Dibromomethane 5.00 4.56 4.56 91.2 91.2 80.0-120 0.000 20

1,2-Dichlorobenzene 5.00 4.80 4.62 96.0 92.4 79.0-121 3.82 20

1,3-Dichlorobenzene 5.00 4.82 4.77 96.4 95.4 79.0-120 1.04 20

1,4-Dichlorobenzene 5.00 4.83 4.61 96.6 92.2 79.0-120 4.66 20

Dichlorodifluoromethane 5.00 5.33 5.42 107 108 51.0-149 1.67 20

1,1-Dichloroethane 5.00 4.62 4.70 92.4 94.0 70.0-126 1.72 20

1,2-Dichloroethane 5.00 4.10 4.25 82.0 85.0 70.0-128 3.59 20

1,1-Dichloroethene 5.00 4.84 4.81 96.8 96.2 71.0-124 0.622 20

cis-1,2-Dichloroethene 5.00 4.66 4.58 93.2 91.6 73.0-120 1.73 20

trans-1,2-Dichloroethene 5.00 4.33 4.42 86.6 88.4 73.0-120 2.06 20

1,2-Dichloropropane 5.00 4.65 4.50 93.0 90.0 77.0-125 3.28 20

1,1-Dichloropropene 5.00 4.91 4.75 98.2 95.0 74.0-126 3.31 20

1,3-Dichloropropane 5.00 5.04 4.68 101 93.6 80.0-120 7.41 20

cis-1,3-Dichloropropene 5.00 4.83 4.77 96.6 95.4 80.0-123 1.25 20

trans-1,3-Dichloropropene 5.00 4.96 5.00 99.2 100 78.0-124 0.803 20

trans-1,4-Dichloro-2-butene 5.00 5.01 4.64 100 92.8 33.0-144 J 7.67 20

2,2-Dichloropropane 5.00 5.15 4.73 103 94.6 58.0-130 8.50 20
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Pace Analytical National    12065 Lebanon Rd Mount Juliet, TN 37122
Alabama 40660  Nebraska NE-OS-15-05

Alaska 17-026  Nevada TN000032021-1

Arizona AZ0612  New Hampshire 2975

Arkansas 88-0469  New Jersey–NELAP TN002

California 2932  New Mexico ¹ TN00003

Colorado TN00003  New York 11742

Connecticut PH-0197  North Carolina Env375

Florida E87487  North Carolina ¹ DW21704

Georgia NELAP  North Carolina ³ 41

Georgia ¹ 923  North Dakota R-140

Idaho TN00003  Ohio–VAP CL0069

Illinois 200008  Oklahoma 9915

Indiana C-TN-01  Oregon TN200002

Iowa 364  Pennsylvania 68-02979

Kansas E-10277  Rhode Island LAO00356

Kentucky ¹ ⁶ KY90010  South Carolina 84004002

Kentucky ² 16  South Dakota n/a

Louisiana AI30792  Tennessee ¹ ⁴ 2006

Louisiana LA018  Texas T104704245-20-18

Maine TN00003  Texas ⁵ LAB0152

Maryland 324  Utah TN000032021-11

Massachusetts M-TN003  Vermont VT2006

Michigan 9958  Virginia 110033

Minnesota 047-999-395  Washington C847

Mississippi TN00003  West Virginia 233

Missouri 340  Wisconsin 998093910

Montana CERT0086  Wyoming A2LA

A2LA – ISO 17025 1461.01  AIHA-LAP,LLC EMLAP 100789

A2LA – ISO 17025 ⁵ 1461.02  DOD 1461.01

Canada 1461.01  USDA P330-15-00234

EPA–Crypto TN00003    

ACCREDITATIONS & LOCATIONS

 

¹ Drinking Water   ² Underground Storage Tanks   ³ Aquatic Toxicity   ⁴ Chemical/Microbiological   ⁵ Mold   ⁶ Wastewater      n/a Accreditation not applicable

* Not all certifications held by the laboratory are applicable to the results reported in the attached report. 

* Accreditation is only applicable to the test methods specified on each scope of accreditation held by Pace Analytical.
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APPENDIX A3 
PASSIVE TREATMENT TRENCH GROUNDWATER ANALYTICAL RESULTS 

Pace Project Number: 

L1777686 

 













SAMPLE RESULTS - 01
L 1 7 7 7 6 8 6

CMR-MW-41S-240912
C o l l e c t e d  d a t e / t i m e :   0 9 / 1 2 / 2 4  1 0 : 0 7

Volatile Organic Compounds (GC/MS) by Method 8260B

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte ug/l ug/l ug/l date / time

2-Hexanone U 19.7 125 25 09/19/2024 20:14 WG2365825

n-Hexane U 18.7 125 25 09/19/2024 20:14 WG2365825

Iodomethane U 13.9 125 25 09/19/2024 20:14 WG2365825

Isopropylbenzene 5.73 J 2.63 12.5 25 09/19/2024 20:14 WG2365825

p-Isopropyltoluene 6.17 J 3.00 12.5 25 09/19/2024 20:14 WG2365825

2-Butanone (MEK) U 29.8 125 25 09/19/2024 20:14 WG2365825

Methylene Chloride U 10.7 62.5 25 09/19/2024 20:14 WG2365825

4-Methyl-2-pentanone (MIBK) U 12.0 125 25 09/19/2024 20:14 WG2365825

Methyl tert-butyl ether U 2.53 12.5 25 09/19/2024 20:14 WG2365825

Naphthalene 45.9 J 4.35 62.5 25 09/19/2024 20:14 WG2365825

n-Propylbenzene 16.9 2.48 12.5 25 09/19/2024 20:14 WG2365825

Styrene U 2.95 12.5 25 09/19/2024 20:14 WG2365825

1,1,1,2-Tetrachloroethane U 3.68 12.5 25 09/19/2024 20:14 WG2365825

1,1,2,2-Tetrachloroethane U 3.33 12.5 25 09/19/2024 20:14 WG2365825

1,1,2-Trichlorotrifluoroethane U 4.50 12.5 25 09/19/2024 20:14 WG2365825

Tetrachloroethene U 7.50 12.5 25 09/19/2024 20:14 WG2365825

Toluene U 6.95 12.5 25 09/19/2024 20:14 WG2365825

1,2,3-Trichlorobenzene U 4.10 12.5 25 09/19/2024 20:14 WG2365825

1,2,4-Trichlorobenzene U 12.0 25.0 25 09/19/2024 20:14 WG2365825

1,1,1-Trichloroethane U 3.73 12.5 25 09/19/2024 20:14 WG2365825

1,1,2-Trichloroethane U 3.95 12.5 25 09/19/2024 20:14 WG2365825

Trichloroethene U 4.75 12.5 25 09/19/2024 20:14 WG2365825

Trichlorofluoromethane U 4.00 62.5 25 09/19/2024 20:14 WG2365825

1,2,3-Trichloropropane U J3 5.93 62.5 25 09/19/2024 20:14 WG2365825

1,2,4-Trimethylbenzene 500 8.05 12.5 25 09/19/2024 20:14 WG2365825

1,2,3-Trimethylbenzene 207 2.60 12.5 25 09/19/2024 20:14 WG2365825

1,3,5-Trimethylbenzene 26.1 2.60 12.5 25 09/19/2024 20:14 WG2365825

Vinyl acetate U 17.3 125 25 09/19/2024 20:14 WG2365825

Vinyl chloride U 5.85 12.5 25 09/19/2024 20:14 WG2365825

Xylenes, Total 754 4.35 37.5 25 09/19/2024 20:14 WG2365825

    (S) Toluene-d8 95.4 80.0-120 09/19/2024 20:14 WG2365825

    (S) 4-Bromofluorobenzene 97.6 77.0-126 09/19/2024 20:14 WG2365825

    (S) 1,2-Dichloroethane-d4 94.3 70.0-130 09/19/2024 20:14 WG2365825

TPH by Method MTDEQ EPH

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte ug/l ug/l ug/l date / time

Unadjusted C9-C18 Aliphatics 314 J 200 600 1 09/17/2024 17:32 WG2363448

Unadjusted C19-C36 Aliphatics U 200 600 1 09/17/2024 17:32 WG2363448

Unadjusted C11-C22 Aromatics 453 J 200 600 1 09/17/2024 17:32 WG2363448

Unadjusted Total Petroleum 
Hydrocarbons 767 200 600 1 09/17/2024 17:32 WG2363448

Adjusted C11-C22 Aromatics 411 J 200 600 1 09/17/2024 17:32 WG2363448

Adjusted Total Petroleum 
Hydrocarbons 725 200 600 1 09/17/2024 17:32 WG2363448

    (S) o-Terphenyl 61.8 40.0-140 09/17/2024 17:32 WG2363448

    (S) 1-Chloro-octadecane 40.4 40.0-140 09/17/2024 17:32 WG2363448

    (S) 2-Fluorobiphenyl 85.4 40.0-140 09/17/2024 17:32 WG2363448

    (S) 2-Bromonaphthalene 82.8 40.0-140 09/17/2024 17:32 WG2363448
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QUALITY CONTROL SUMMARYWG2365825
V o l a t i l e  O r g a n i c  C o m p o u n d s  ( G C / M S )  b y  M e t h o d  8 2 6 0 B L 1 7 7 7 6 8 6 - 0 1

Method Blank (MB)

(MB) R4124239-3  09/19/24 11:08

 MB Result MB Qualifier MB MDL MB RDL

Analyte ug/l ug/l ug/l

Acetone U 11.3 25.0

Acrylonitrile U 0.671 5.00

Benzene U 0.0941 0.500

Bromobenzene U 0.118 0.500

Bromodichloromethane U 0.136 0.500

Bromochloromethane U 0.128 0.500

Bromoform U 0.129 0.500

Bromomethane U 0.605 2.50

n-Butylbenzene U 0.157 0.500

sec-Butylbenzene U 0.125 0.500

tert-Butylbenzene 0.350 J 0.127 0.500

Carbon disulfide U 0.0962 0.500

Carbon tetrachloride U 0.128 0.500

Chlorobenzene U 0.117 0.500

Chlorodibromomethane U 0.140 0.500

Chloroethane U 0.192 2.50

2-Chloroethyl vinyl ether U 0.575 50.0

Chloroform U 0.111 0.500

Chloromethane U 0.960 1.25

2-Chlorotoluene U 0.106 0.500

4-Chlorotoluene U 0.114 0.500

1,2-Dibromo-3-Chloropropane U 0.276 2.50

1,2-Dibromoethane U 0.126 0.500

Dibromomethane U 0.122 0.500

1,2-Dichlorobenzene U 0.107 0.500

1,3-Dichlorobenzene U 0.299 0.500

1,4-Dichlorobenzene U 0.120 0.500

Dichlorodifluoromethane U 0.374 2.50

1,1-Dichloroethane U 0.100 0.500

1,2-Dichloroethane U 0.0819 0.500

1,1-Dichloroethene U 0.188 0.500

cis-1,2-Dichloroethene U 0.126 0.500

trans-1,2-Dichloroethene U 0.149 0.500

1,2-Dichloropropane U 0.149 0.500

1,1-Dichloropropene U 0.142 0.500

1,3-Dichloropropane U 0.109 1.00

cis-1,3-Dichloropropene U 0.111 0.500

trans-1,3-Dichloropropene U 0.118 0.500

trans-1,4-Dichloro-2-butene U 0.467 5.00

2,2-Dichloropropane U 0.161 0.500
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GLOSSARY OF TERMS

Guide to Reading and Understanding Your Laboratory Report

The information below is designed to better explain the various terms used in your report of analytical results from the Laboratory.  This is not 
intended as a comprehensive explanation, and if you have additional questions please contact your project representative.

Results Disclaimer - Information that may be provided by the customer, and contained within this report, include Permit Limits, Project Name, 
Sample ID, Sample Matrix, Sample Preservation, Field Blanks, Field Spikes, Field Duplicates, On-Site Data, Sampling Collection Dates/Times, and 
Sampling Location. Results relate to the accuracy of this information provided, and as the samples are received.

Abbreviations and Definitions

MDL Method Detection Limit.

RDL Reported Detection Limit.

Rec. Recovery.

RPD Relative Percent Difference.

SDG Sample Delivery Group.

(S)
Surrogate (Surrogate Standard) - Analytes added to every blank, sample, Laboratory Control Sample/Duplicate and 
Matrix Spike/Duplicate; used to evaluate analytical efficiency by measuring recovery. Surrogates are not expected to be 
detected in all environmental media.

U Not detected at the Reporting Limit (or MDL where applicable).

Analyte The name of the particular compound or analysis performed. Some Analyses and Methods will have multiple analytes 
reported.

Dilution

If the sample matrix contains an interfering material, the sample preparation volume or weight values differ from the 
standard, or if concentrations of analytes in the sample are higher than the highest limit of concentration that the 
laboratory can accurately report, the sample may be diluted for analysis. If a value different than 1 is used in this field, the 
result reported has already been corrected for this factor.

Limits
These are the target % recovery ranges or % difference value that the laboratory has historically determined as normal 
for the method and analyte being reported. Successful QC Sample analysis will target all analytes recovered or 
duplicated within these ranges.

Original Sample The non-spiked sample in the prep batch used to determine the Relative Percent Difference (RPD) from a quality control 
sample. The Original Sample may not be included within the reported SDG.

Qualifier
This column provides a letter and/or number designation that corresponds to additional information concerning the result
reported. If a Qualifier is present, a definition per Qualifier is provided within the Glossary and Definitions page and 
potentially a discussion of possible implications of the Qualifier in the Case Narrative if applicable.

Result

The actual analytical final result (corrected for any sample specific characteristics) reported for your sample. If there was 
no measurable result returned for a specific analyte, the result in this column may state “ND” (Not Detected) or “BDL” 
(Below Detectable Levels). The information in the results column should always be accompanied by either an MDL 
(Method Detection Limit) or RDL (Reporting Detection Limit) that defines the lowest value that the laboratory could detect 
or report for this analyte.

Uncertainty 
(Radiochemistry) Confidence level of 2 sigma.

Case Narrative (Cn)
A brief discussion about the included sample results, including a discussion of any non-conformances to protocol 
observed either at sample receipt by the laboratory from the field or during the analytical process. If present, there will 
be a section in the Case Narrative to discuss the meaning of any data qualifiers used in the report.

Quality Control 
Summary (Qc)

This section of the report includes the results of the laboratory quality control analyses required by procedure or 
analytical methods to assist in evaluating the validity of the results reported for your samples. These analyses are not 
being performed on your samples typically, but on laboratory generated material.

Sample Chain of 
Custody (Sc)

This is the document created in the field when your samples were initially collected. This is used to verify the time and 
date of collection, the person collecting the samples, and the analyses that the laboratory is requested to perform. This 
chain of custody also documents all persons (excluding commercial shippers) that have had control or possession of the 
samples from the time of collection until delivery to the laboratory for analysis.

Sample Results (Sr)
This section of your report will provide the results of all testing performed on your samples. These results are provided 
by sample ID and are separated by the analyses performed on each sample. The header line of each analysis section for
each sample will provide the name and method number for the analysis reported.

Sample Summary (Ss) This section of the Analytical Report defines the specific analyses performed for each sample ID, including the dates and
times of preparation and/or analysis.

Qualifier Description

B The same analyte is found in the associated blank.

C6 The initial calibration verification standard (SSCV) associated with this data responded low.

J The identification of the analyte is acceptable; the reported value is an estimate.

J2 Surrogate recovery limits have been exceeded; values are outside lower control limits.

J3 The associated batch QC was outside the established quality control range for precision.

J4 The associated batch QC was outside the established quality control range for accuracy.

J6 The sample matrix interfered with the ability to make any accurate determination; spike value is low.

N2 Analyte reported using a calibration and validation based on Azobenzene (CAS 103-33-3). 1,2-Diphenylhydrazine 
decomposes into Azobenzene during the analysis.

1

Cp

2

Tc

3

Ss

4

Cn

5

Sr

6

Qc

7

Gl

8

Al

9

Sc

ACCOUNT: PROJECT: SDG: DATE/TIME: PAGE:

Ramboll US Consulting, Inc. - Denver L1777686 10/01/24 17:45 41 of 43

ACCOUNT: PROJECT: SDG: DATE/TIME: PAGE:

Ramboll US Consulting, Inc. - Denver L1777686 10/02/24 11:05 41 of 43



 

Pace Analytical National    12065 Lebanon Rd Mount Juliet, TN 37122
Alabama 40660  Nebraska NE-OS-15-05

Alaska 17-026  Nevada TN000032021-1

Arizona AZ0612  New Hampshire 2975

Arkansas 88-0469  New Jersey–NELAP TN002

California 2932  New Mexico ¹ TN00003

Colorado TN00003  New York 11742

Connecticut PH-0197  North Carolina Env375

Florida E87487  North Carolina ¹ DW21704

Georgia NELAP  North Carolina ³ 41

Georgia ¹ 923  North Dakota R-140

Idaho TN00003  Ohio–VAP CL0069

Illinois 200008  Oklahoma 9915

Indiana C-TN-01  Oregon TN200002

Iowa 364  Pennsylvania 68-02979

Kansas E-10277  Rhode Island LAO00356

Kentucky ¹ ⁶ KY90010  South Carolina 84004002

Kentucky ² 16  South Dakota n/a

Louisiana AI30792  Tennessee ¹ ⁴ 2006

Louisiana LA018  Texas T104704245-20-18

Maine TN00003  Texas ⁵ LAB0152

Maryland 324  Utah TN000032021-11

Massachusetts M-TN003  Vermont VT2006

Michigan 9958  Virginia 110033

Minnesota 047-999-395  Washington C847

Mississippi TN00003  West Virginia 233

Missouri 340  Wisconsin 998093910

Montana CERT0086  Wyoming A2LA

A2LA – ISO 17025 1461.01  AIHA-LAP,LLC EMLAP 100789

A2LA – ISO 17025 ⁵ 1461.02  DOD 1461.01

Canada 1461.01  USDA P330-15-00234

EPA–Crypto TN00003    

ACCREDITATIONS & LOCATIONS

 

¹ Drinking Water   ² Underground Storage Tanks   ³ Aquatic Toxicity   ⁴ Chemical/Microbiological   ⁵ Mold   ⁶ Wastewater      n/a Accreditation not applicable

* Not all certifications held by the laboratory are applicable to the results reported in the attached report. 

* Accreditation is only applicable to the test methods specified on each scope of accreditation held by Pace Analytical.
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APPENDIX C 
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Low Flow Groundwater Sampling Field Log

Monitoring Well - 
Calumet Montana Refinery, LLC
Great Falls, Montana

Sampling Information
Date (MM/DD/YY) - 

Personnel - 
Weather - Pump on - 1043

Sampling Device - Pump off - 1054
Well Information

Well Casing PID - -- ppm Measured Depth to Bottom - 12.37 ft BTOC
Well Diameter - --- inch Depth to LNAPL - --- ft BTOC

Screened Zone - --- ft BGS Depth to Water - 4.94 ft BTOC
Depth to Pump Intake - 8.0 ft BTOC

Well Evacuation Data

Stabilization Criteria ± 0.1 SU ± 3 % ± 10 %
< 5 NTU N/A ± 10 mV ± 10 %

<0.5 mg/L 0.3 ft

Time Vol. Rate pH Cond. Turb. Temp. ORP DO DTW Appearance or
L ml/min Std ms/cm NTU C mV mg/L ft Comments

1043 0.4 78 7.06 1.714 --- 15.10 -106 0.10 ---
1048 0.4 78 7.06 1.707 --- 15.70 -113 --- ---
1053 0.4 78 7.06 1.700 --- 16.10 -119 --- ---

Notes / Sample Information
Appearance at Start - Sample ID - 

Appearance After Purging - Sample Time - 1054
Total Volume Purged - 1.2 L Additional Sample - 

Purge Rate - 77.9 ml/min Additional Sample ID - 

Analysis - VOCs (8260); SVOCs (8270);
VPH (Montana VPH); EPH (Montana EPH)
Modified Skinner Metals (6020B/7471B);

Equipment Information
Multi-Gas Meter / PID # - Oil / Water Interface Probe # - 

Water Quality Meter # - Peristaltic Pump # - 

Notes

Overcast, 54 degrees F, rainy

MW-106

9/12/2024
Kyle Groves & Ashley Warner

Geotech Peristaltic Pump

--- CMR-MW106-240912
---

None

NA NA
20B000237 NA

#
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