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June 20, 2022

City of Longmont
1100 South Sherman Street
Longmont, Colorado 80501

Attn:  Dr. Jane Turner, P.E., PhD
(303) 774-4545
jane.turner@longmontcolorado.gov

Re: 2022 Annual Monitoring Report
Groundwater Quality Monitoring Program
Multiple Oil & Gas Well Sites
Longmont, Colorado
Terracon Project No. 22227013

Dear Dr. Turner:

Terracon Consultants, Inc. (Terracon) is pleased to submit our report of the 2022 Annual
Groundwater Quality Monitoring Program activities performed at seventeen plugged and
abandoned (PA) O&G well sites, and one former tank battery site located within the City of
Longmont, Colorado. The report presents data from recent field activities that included the
collection of groundwater samples for laboratory analysis. Terracon conducted the Investigation
in general accordance with our proposal (P22227013), dated February 16, 2022.

Terracon appreciates this opportunity to provide environmental consulting services to The City of
Longmont. Should you have any questions or require additional information, please do not
hesitate to contact our office.

Sincerely,

Terracon Consultants, Inc.

Cor A Co=y P

Charles A. Covington John C. Graves, P.G.
Staff Geologist Senior Principal/Regional Manager

Terracon Consultants, Inc. 1831 Lefthand Circle Suite B Longmont, CO 80501
P (303) 776-3921  F (303) 776-4041  terracon.com
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1.0 EXECUTIVE SUMMARY

In 2013, Terracon installed and/or sampled groundwater monitoring wells at the active oil and gas
(O&G) wells located within the City of Longmont (the City). The results of these activities are
described in the First and Third Quarter 2013 Monitoring Reports (May 31, 2013 and December
31, 2013, respectively). Terracon has continued to execute sampling activities for the City of
Longmont Groundwater Quality Monitoring Program and the results of these activities are
described in the subsequent 2014 through 2021 monitoring reports.

Since 2013, Terracon has assisted the City with the investigation of additional active and PA well
sites within Longmont City limits to add to the annual groundwater quality monitoring program. All
of the current program sites were sampled during the 2022 monitoring event.

This groundwater quality sampling event was performed in accordance with the scope of services
outlined in Terracon Proposal No. P22227013, dated February 16, 2022. A total of 57 of the
planned 59 monitoring wells were sampled on April 5"-6", April 18"-22" and April 25"-27t", to
evaluate potential impacts to groundwater from current or historical oil and gas (O&G) extraction
and production (E&P) operations at the sites. The two monitoring wells not sampled were
observed to have been silted in and a groundwater sample could not be obtained. Groundwater
samples were analyzed in accordance with the procedures outlined in Section 3 of this report.

A summary of our findings, conclusions, and recommendations is provided below. It should be
recognized that details were not included or fully developed in this section, and the report must
be read in its entirety for a comprehensive understanding of the items contained herein.

Findings and Conclusions

Volatile organic compound (VOC) constituents were not reported at concentrations above
laboratory detection limits in groundwater samples collected during this sampling event.

Dissolved methane in groundwater may be an indication of a release at an O&G production well
site. Neither the COGCC nor the CDPHE have developed standards for methane in groundwater.
The COGCC has developed standards for source water (e.g., water wells) in the Greater
Wattenberg Area (GWA), which includes the project area. Water wells that are registered with
Colorado Division of Water Resources (DWR), and include:

Household;
Domestic;
Livestock;
Irrigation;
Municipal/Public;
Commercial; and
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u permitted or adjudicated springs

Section 318A.f.(8) of the COGCC Rules and Regulations for baseline sampling of water wells in
the GWA states that concentrations of methane greater than 1.0 mg/L require a gas compositional
and stable isotope analysis of the methane to determine the source of the methane (e.g.
thermogenic, biogenic or a mixture of the two). Currently, the reported methane concentrations
do not require additional investigation of groundwater.

Several inorganic parameters (nitrogen, sulfates, and chloride) were reported above Colorado
Department of Public Health and Environment (CDPHE) and Colorado Oil and Gas Conservation
Commission (COGCC) Groundwater Standards. However, laboratory analytical results have
remained consistent with former sampling events and results may be indicative of background
concentrations based on former analytical data and lack of production of produced water at
currently active sites.

In general, increased chloride and sulfate concentrations correspond to increases in specific
conductance and turbidity due to slow recharge of the monitoring well and the presence of clay
in the formation. Clay is a smaller particle and passes through the monitoring well filter pack, and
inorganics can attach to the clay particles.

Recommendations

The objective of the investigation was to evaluate the presence of constituents of concern in the
groundwater above relevant laboratory detection limits and/or regulatory limits associated with
historical O&G operations at the sites.

Terracon recommends the continued monitoring of all sites currently enrolled in the City of
Longmont Annual Groundwater Quality Monitoring Event on an annual basis. The continued
monitoring of the aforementioned sites will work to augment the existing data set. This information
will be used to further assess the extent groundwater impacts present, track trends in the
groundwater quality, and to evaluate if sites shall be added to or removed from the annual
sampling list.

Additionally, Terracon recommends properly abandoning monitoring wells SH2-MW03 and SGU-
MWOQ7, at the Sherwood #2 and Serafini Gas Unit sites, respectively, which have been filled in
with sediment and are no longer usable. Terracon also recommends replacing these silted in wells
with newly installed groundwater monitoring wells for continued monitoring as part of the City of
Longmont Annual Groundwater Quality Monitoring Event. Terracon can provide a supplemental
proposal and cost estimate for these additional services.
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2.0 SITE DESCRIPTION

This project consists of sampling monitoring wells associated with seventeen PA O&G well sites
and one former tank battery site located in the City of Longmont, Colorado, (the City). The 2022
monitoring event analyzed potential impacts to groundwater, in accordance with Terracon
Proposal No. P22227013, at the following sites:

Domenico #1: three monitoring wells;

Evans #6 Tank Battery: three monitoring wells;
Evans #6 Wellhead: two monitoring wells;
Stamp #1 Well Site: three monitoring wells;
Stamp 31-2C Well Site: six monitoring wells;
City of Longmont #1: three monitoring wells;
Powell #1: three monitoring wells;
Sherwood #1: three monitoring wells;
Sherwood #2: two monitoring wells;

Tabor #1: three monitoring wells;

Tabor #7: three monitoring wells;

Longmont 8-10k: three monitoring wells;
Rider #1: three monitoring wells;

Maruyama #1: three monitoring wells;
George Mayeda #1; three monitoring wells;
Mary #2: three monitoring wells;

Wertman #1: three monitoring wells; and
Serafini Gas Unit: five monitoring wells.

The 2022 monitoring event well site locations are shown on Exhibit 1.

3.0 SCOPE OF SERVICES

The 2022 annual groundwater quality monitoring services described below were performed on
April 51-6™ April 181-22"9 and April 25""-27", as a modification to the sampling strategy outlined
in the Sampling and Analysis Plan (SAP) prepared and issued by Terracon on February 1, 2013.
Based on the initial groundwater sampling results reported in 2013, the sampling frequency and
laboratory analyte list have been modified.

The monitoring wells at the following well sites were sampled during this annual event:
n Domenico #1: DM1-MWO01, DM1-MWO02, and DM1-MW03;

| Evans #6 Tank Battery: E6T-MWO01, E6T-MW-02, and E6T-MWO03;
| Evans #6 Wellhead: EGW-MW-01, EBW-MW02, and E6W-MWO03;
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| Stamp #1: ST1-MW02, ST1-MWO03 and ST1-MWO05;

] Stamp 31-2C Well Site: S31-MWO01, S31-MW02, S31-MW03, S31-MWO04, S31-
MWO05, and S31-MWO06

City of Longmont #1: CL1-MWO01, CL1-MW02, and CL1-MWO03;

Powell #1: PL1-MWO01, PL1-MWO02, and PL1-MWO03;

Sherwood #1: SH1-MWO01, SH1-MW02, and SH1-MWO03;

Sherwood #2: SH2-MWO01 and SH2-MW02;

Tabor #1: TB1-MWO01, TB1-MWO02, and TB1-MWO03R;

Tabor #7: TB7-MWO01, TB7-MWO02, and TB7-MWO03;

Longmont 8-10K: LM8-MWO01, LM8-MW02, and LM8-MWO03;

Rider #1 Well Site: RD1-MW-01, RD1-MW02, and RD1-MWO03;

Maruyama #1: MY1-MWO01, MY1-MWO02, and MY 1-MW03;

George Mayeda #1: GM1-MWO01, GM1-MW02, and GM1-MW03;

Mary #2: MR2-MWO01, MR2-MW02, and MR2-MW03;

Wertman #1: WT1-MWO01, WT1-MWO02, and WT1-MWO03; and

Serafini Gas Unit: SGU-MWO01, SGU-MW02, SGU-MWO03, SGU-MW-06, and
SGU-MWO07.

Monitoring wells SH2-MWO03 at the Sherwood #2 site and SGU-MWO07 at the Serafini Gas Unit
site were not sampled during this annual groundwater sampling event due to both monitoring
wells being filled in with sediment.

3.1 Standard of Care

Terracon’s services were performed in @ manner consistent with generally accepted practices of
the profession undertaken in similar studies in the same geographical area during the same time.
Terracon makes no warranties, express or implied, regarding the findings, conclusions, or
recommendations. Terracon does not warrant the work of laboratories, regulatory agencies, or
other third parties supplying information used in the preparation of the report. These Investigation
services were performed in accordance with the scope of work agreed with you, our client, as
reflected in our proposal and were not intended to be in strict conformance with ASTM E1903-19.

3.2 Additional Scope Limitations

Findings, conclusions, and recommendations resulting from these services are based upon
information derived from the on-site activities and other services performed under this scope of
work; such information is subject to change over time. Certain indicators of the presence of
hazardous substances, petroleum products, or other constituents may have been latent,
inaccessible, unobservable, nondetectable, or not present during these services. We cannot
represent that the site contains no hazardous substances, toxic materials, petroleum products, or
other latent conditions beyond those identified during this sampling event. Subsurface conditions
may vary from those encountered at specific wells or during other surveys, tests, assessments,
investigations, or exploratory services. The data, interpretations, findings, and our
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recommendations are based solely upon data obtained at the time and within the scope of these
services.

3.3 Reliance

This report has been prepared for the exclusive use of the City of Longmont, and any authorization
for use or reliance by any other party (except a governmental entity having jurisdiction over the
site) is prohibited without the express written authorization of the City of Longmont and Terracon.
Any unauthorized distribution or reuse is at the City of Longmont’s sole risk. Notwithstanding the
foregoing, reliance by authorized parties will be subject to the terms, conditions, and limitations
stated in the proposal, Investigation report, and Terracon’s Master Services Agreement (MSA)
with the City of Longmont. The limitation of liability defined in the terms and conditions of the MSA
is the aggregate limit of Terracon’s liability to the City of Longmont and all relying parties unless
otherwise agreed in writing.

4.0 FIELD INVESTIGATION

4.1  Safety

Terracon is committed to the safety of all its employees. As such, and in accordance with our
Incident and Injury Free® safety goals, Terracon conducted the fieldwork under a site-specific
health and safety plan. The plan identified site-specific job hazards and proper pre-task planning
procedures. Work was performed using Occupational Safety & Health Administration (OSHA)
Level D work attire consisting of hard hats, high-visibility attire, safety glasses, protective gloves,
and protective boots.

4.2 Sampling and Analytical Program Summary

Terracon sampled a total of 57 groundwater monitoring wells for the analytical suite listed in the
table below.
Groundwater Sample Constituents

Parameters Analytical Method
Volatile Organic Compounds (VOCs) EPA Method 8260
Dissolved Gases: Methane, Ethane and Ethylene RSK 175
Dissolved Gases: Carbon Dioxide 4500C02 D22011
Chloride EPA Method 300.0
Sulfate EPA Method 300.0
Total Dissolved Solids (TDS) SM 2320B

EPA = Environmental Protection Agency; SW-846 analytical methods
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Additionally, temperature, pH, specific conductance, dissolved oxygen and oxygen reducing
potential measurements were collected in the field during groundwater sampling. Specific
conductance and pH measurements are summarized on Table 2 in Appendix A of this report.

4.3 Groundwater Sampling

Terracon used hand bailing sampling techniques with a disposable bailer to purge and obtain a
representative groundwater sample from the monitoring wells. The monitoring wells were sampled
in accordance with February 1, 2013 SAP. After groundwater field parameters had stabilized, a
groundwater sample was collected from each of the monitoring wells. The groundwater samples
were placed in laboratory provided, pre-cleaned containers and stored in a cooler with ice during
delivery to the laboratory. The samples were submitted under chain-of-custody protocol and
analyzed for the parameters summarized in Section 3.2 on a standard turn-around time and
according to the appropriate United States Environmental Protection Agency (USEPA) analytical
methods.

The groundwater sample naming convention used is as follows:

| [Site Abbreviation]-[Well Designation].
m Example: SH2-MWO01 is the groundwater sample collected from Sherwood #2
well site, monitoring well MWO01.

The groundwater samples were submitted to Pace Analytical (Pace) in Mount Juliet, Tennessee.
The laboratories performed Quality Analysis/Quality Control (QA/QC) during the analysis process
of the groundwater samples. The QA/QC process involved completing a method blank, laboratory
control sample, matrix spike, matrix spike duplicate, and a sample duplicate to test the accuracy
and calibration of the laboratory equipment and processes.

5.0 FIELD INVESTIGATION RESULTS

5.1 Hydrogeology

Depth to groundwater and groundwater elevation data measured in April 2022 were used to
generate potentiometric surface maps and estimated groundwater flow direction. Potentiometric
surface maps are only available at sites where sufficient wellhead survey information is available.
The potentiometric surface maps and groundwater elevation data are included in Appendix A as
site-specific Exhibits and Table 1, respectively. As depicted on the potentiometric surface maps
groundwater beneath most of the well sites, in general, flows towards the St. Vrain Creek. The
well site groundwater flow directions are as follows:

] City of Longmont #1: northeast, towards the St. Vrain Creek;
] Serafini Gas Unit: northeast, towards the St. Vrain Creek;
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] Powell #1: northeast, towards the St. Vrain Creek;
[ Sherwood #1: northeast, towards the St. Vrain Creek;
n Sherwood #2: unknown, well filled with sediment — assumed northeast, towards

St. Vrain Creek;

Evans #6 Wellhead: south, towards the St. Vrain Creek;

Evans #6 Tank Battery: southwest towards the St. Vrain Creek;

Domenico #1: northwest, towards Boulder Creek;

Stamp #1: unknown, insufficient survey data available — assumed east, towards
Union Reservoir;

Tabor #1: south, towards Lefthand Creek;

Tabor #7: north, towards the Lefthand Creek;

Longmont 8-10K: southeast, towards the St. Vrain Creek;

Rider #1: unknown, insufficient survey data available — assumed east, towards
Union Reservoir;

Maruyama #1: south, towards the St. Vrain Creek;

George Mayeda #1: east, towards Calkins Reservoir;

Mary #2: northeast, towards James Ditch; and

Wertman #1: northeast, towards the St. Vrain Creek

6.0 ANALYTICAL RESULTS

The laboratory analytical reports and chain-of-custody records are included in Appendix B. The
following sections summarize the results of the analytical testing.

Laboratory analytical results for the groundwater samples were compared to the groundwater
standard applicable to O&G well sites, COGCC Table 910-1 standards (May 1, 2018). The
Colorado Department of Public Health and Environment’s (CDPHE) Regulation 41 Groundwater
Quality Standards, December 30, 2016 (GWQS). A summary of constituent concentrations
exceeding these standards in the groundwater samples is include in Table 2.

The groundwater analytical results for detected concentrations are discussed in the following

sections. Groundwater analytical data and corresponding action levels are summarized in Table
2 (Appendix A).
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6.1  Organic Compounds

Dissolved ethane and ethene were not detected above their respective laboratory reporting limit
in the groundwater samples collected. Carbon dioxide was reported at a concentration above
laboratory detection limits in groundwater samples collected from multiple sites during this annual
sampling event. Neither the CDPHE nor the COGCC has set a regulatory standard for these
organic compounds in groundwater, but the reported concentrations are observed to be relatively
low and are not considered to be indicative of an environmental concern.

Dissolved methane was reported at the Domenico #1 Wellsite in sample DM1-MWO02 at a
concentration of 0.0629 mg/L. Section 318A.f.(8) of the COGCC Rules and Regulations for
baseline sampling of water wells in the GWA states that concentrations of methane greater than
1.0 mg/L require a gas compositional and stable isotope analysis of the methane to determine
the source of the methane (e.g. thermogenic, biogenic or a mixture of the two). In accordance
with the COGCC Rules and Regulations, the reported methane concentrations do not require
additional analyses of groundwater to be performed.

6.2 Inorganics in Groundwater

Inorganic cations and anions present in groundwater can be secondary indicators of well site
releases associated with produced water. The COGCC has defined the groundwater standard
exceedance concentrations for chloride and sulfate to be a regional background concentration
with a multiplier of 1.25. Terracon was able to determine a regional background concentration
levels for chloride and sulfate by comparing current concentrations to data from previous years
monitoring events. Terracon utilized analytical data from the current and previous annual
sampling events (as far back as 2013 at some sites) from each of the sites and has determined
that the reported concentrations of chloride and sulfate for the 2022 sampling event are within
their respective regional background concentrations. Chloride and sulfate concentrations
measured at each site are comparable in magnitude with that of previous values and therefore
have been determined to exist at elevated concentrations above COGCC and CDPHE regulatory
limits, but within the regional background levels.

Elevated concentrations of sulfates and chlorides above their respective laboratory analytical
detection limits were reported in groundwater samples collected from monitoring wells at each
site sampled during this monitoring event. Please refer to the groundwater analytical results in
Table 2 included in this report for a detailed overview of regulatory exceedances. A brief summary
of the analytical results is included below.

Sulfate concentrations were reported above COGCC and CDPHE limits, but within regional
background levels in groundwater samples collected from monitoring wells at the Powell #1,
Evans #6 Tank Battery, Evans #6 Wellhead, Longmont 8-10K, Domenico #1, Sherwood #1,
Sherwood #2, City of Longmont #1, George Mayeda #1, Maruyama #1, Tabor #1, Tabor #7,
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Stamp #1, Rider #1, and Mary #2 well sites. Chloride concentrations were reported above
COGCC and CDPHE limits, but within regional background levels in groundwater samples
collected from monitoring wells at the Sherwood #1, Sherwood #2, Evans #6 Tank Battery,
Domenico #1, Tabor #1, Tabor #7, Stamp #1, Rider #1, and Mary #2 well sites.
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APPENDIX A — EXHIBITS & TABLES
Exhibit 1 — Wellsite Locations Map
Exhibit 2 through Exhibit 19 — Site and Potentiometric Surface
Diagrams: Multiple Well Sites (18)
Table 1 — Groundwater Elevation Data
Table 2 — Groundwater Analytical Results
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Table 1 - Groundwater Elevation Data
City of Longmont - Groundwater Quality Monitoring

Project Number 22227013

Top of Casing Depth to Groundwater
Well ID Elevation' |Date Measured| Total Depth2 Groundwat Elevation®
ErWOO« ellhea
3/18/2013 8.49 4894.26
10/23/2013 6.70 4896.05
7/28/2014 R
3/30/2015 8.11 | 4894.64
6/21/2016 NR
SH1-MWO01 4902.75 5/23/2017 13.96 NR
6/27/2018 7.42 4895.33
6/10/2019 9.22 4893.53
5/29/2020 8.62 4894.13
12/14/2021 8.75 4894.00
4/5/2022 9.05 4893.70
3/18/2013 741 4893.58
10/23/2013 6.30 4894.69
7/28/2014 R
3/30/2015 7.23 4893.76
6/21/2016 6.87 4894.12
SH1-MWO02 4900.99 5/23/2017 14.35 6.88 4894.11
6/27/2018 6.80 4894.19
6/10/2019 7.95 4893.04
5/29/2020 7.42 4893.57
12/14/2021 7.60 4893.39
4/5/2022 7.80 4893.19
3/18/2013 7.64 4894.16
10/23/2013 6.33 4895.47
7/28/2014 R
3/30/2015 7.35 | 4894.45
6/21/2016 NR
SH1-MWO03 4901.80 5/23/2017 14.06 NR
6/27/2018 7.00 4894.80
6/10/2019 8.10 4893.70
5/29/2020 7.66 4894.14
12/14/2021 7.81 4893.99
4/5/2022 8.00 4893.80
herwood #2 Wellhead —
3/18/2013 5.20 | 4891.56
7/28/2014 NR
3/30/2015 4.59 4892.17
6/21/2016 5.04 4891.72
5/23/2017 4.33 4892.43
SH2-MWO01 4896.76 6/27/2018 10.80 253 289223
6/17/2019 5.32 4891.44
6/5/2020 5.12 4891.64
12/14/2021 5.45 4891.31
4/5/2022 5.26 4891.50
3/18/2013 5.71 4890.44
7/28/2014 R
3/30/2015 4.96 4891.19
6/21/2016 4.95 4891.20
5/23/2017 4.34 4891.81
SHZ-MW02 4896.15 6/27/2018 1237 4.45 4891.70
6/17/2018 5.30 4890.85
6/5/2020 4.95 4891.20
12/14/2021 5.35 4890.80
4/5/2022 5.25 4890.90
3/18/2013 511 4891.21
7/28/2014 R
3/30/2015 4.59 4891.73
6/21/2016 4.61 4891.71
5/23/2017 3.80 4892.52
SH2-MW03 4896.32 6/27/2018 9.71 350 4892 82
6/17/2019 5.00 4891.32
6/5/2020 4.60 4891.72
12/14/2021 Sediment®
4/5/2022 o Sediment®
City of Longmont #1 Wellhead
3/20/2013 6.42 | 4890.57
7/28/2014 NR
3/30/2015 6.41 4890.58
6/21/2016 3.87 4893.12
5/23/2017 R
CL1-MWO01 4896.99 6/27/2018 13.34 760 289239
6/17/2019 7.75 4889.24
6/2/2020 4.69 4892.30
6/15/2021 5.60 4891.39
4/5/2022 7.60 4889.39
3/20/2013 5.75 4890.29
7/28/2014 R
3/30/2015 5.79 4890.25
6/22/2016 1.80 4894.24
5/23/2017 5.35 4890.69
CL1-MW02 4896.04 6/27/2018 12.86 349 289255
6/17/2018 715 4888.89
6/2/2020 3.22 4892.82
6/15/2021 4.45 4891.59
4/5/2022 6.95 4889.09
3/20/2013 5.86 4890.47
7/28/2014 R
3/30/2015 5.86 4890.47
6/21/2016 3.22 4893.11
5/23/2017 5.34 4890.99
CL1-MWO03 4896.33 6/27/2018 13.10 206 289207
6/17/2019 7.18 4889.15
6/2/2020 3.55 4892.78
6/15/2021 3.50 4892.83
4/5/2022 6.95 4889.38
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