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A. TITLE
Groundwater Susceptibility Assessment for the Upper Black Squirrel Creek Basin Area, El

Paso County, Colorado, Phase 2

B. SUMMARY
The alluvial aquifer of the upper Black Squirrel Creek Basin, about 25 miles east of
Colorado Springs, supplies most of the water for irrigation and domestic use in the basin
and, since 1964, supplies water for export to the Colorado Springs area. The alluvial aquifer
overlies the Denver Basin bedrock aquifers: the Dawson, Denver, Arapahoe, and Laramie-
Fox Hills aquifers. Substantial growth of subdivisions in the upper Black Squirrel Creek
Basin, and the development of many of these subdivisions on 2.5 acre lots that utilize
domestic septic systems, has led to considerable concern related to potential contamination
of groundwater and to the municipal wells used to supply the smaller communities in the
basin. Potential groundwater contamination from agricultural activities, unregulated
industrial waste disposal, fueling facilities, and stormwater runoff is also a concern.
Furthermore, there is interest in artificially recharging the groundwater in the alluvial
aquifer in the future to help augment the existing groundwater resources; maintaining the
quality of the groundwater resource is important to preserve options.

The objective of this project is to gain a better understanding of groundwater resources in
the upper Black Squirrel Creek Basin to aid in planning, decision making, and public
education related to groundwater and drinking water supplies and to provide for long-term
water-resource protection and management. The results of this project will help to
determine the age and flow directions of the groundwater and identify areas sensitive to
groundwater contamination.

C. PROBLEM
The alluvial aquifer of the upper Black Squirrel Creek Basin, about 25 miles east of

Colorado Springs, supplies most of the water for irrigation and domestic use in the basin
and, since 1964, supplies water for export to the Colorado Springs area. The alluvial aquifer
overlies the Denver Basin bedrock aquifers: the Dawson, Denver, Arapahoe, and Laramie-
Fox Hills aquifers. Land use impacts, including substantial growth of subdivisions in the
upper Black Squirrel Creek Basin, and the development of many of these subdivisions on
2.5-acre lots that include domestic septic systems, has led to considerable concern related to
potential contamination of groundwater and to the municipal wells used to supply the
smaller communities in the basin. Because of those concerns, the El Paso County Board of
County Commissioners held work sessions in early 2009 to discuss potential changes to the
El Paso County Land Development Code. The work sessions led to adoption by the Board
of Resolution No. 09-202, which provided staff direction to develop and implement a work
plan to conduct a groundwater contamination study. The work plan that was subsequently
developed by County staff, in consultation with a volunteer committee of individuals with
the appropriate technical skills, recommended a three-phased study. The board then
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established the Groundwater Quality Study Committee, and work commenced during mid-
2009. The first phase of the study, completed in April 2011, was a summary of the available
data and literature search of studies completed in the basin (Topper and Horn, 2011). The
recommendation from Phase 1 of the study:

“Due to the spatial and temporal limitations of the compiled water-quality data, this study
was only partially successful in meeting the objectives established by the study committee.
Unfortunately, there is no groundwater quality data available in the northwest portion of
the basin, where urban land uses and ISDS’s are concentrated and continued development
is expected. Decision makers in El Paso County attempting to assess the vulnerability of the
groundwater resource currently lack a complete understanding of the hydrogeology of the
aquifer system and the associated anthropogenic effects controlling the source, transport,
and fate of potential contaminants. To address this gap, we recommend implementing a
Phase 2 investigation focusing on refining our understanding of the groundwater flow
system and acquiring the water quality data needed to support and scientifically defend
land use planning decisions.”’(Topper and Horn, 2011).

Following the completion of the first phase of the study, the U.S. Geological Survey
(USGS) was asked by the Groundwater Quality Study Committee to develop a proposed
study for the second phase of the study that would address the recommendations put forth
from the first phase. Phase 2 (the subject of this proposal) will locate and identify existing
wells for groundwater-quality sampling, install monitoring wells in areas where it is
important to collect data but where no wells exist, and sample groundwater from those
existing and installed wells. Once sampling is complete, Phase 2 will make statistical
correlations between groundwater quality and factors such as depth to groundwater, land
use, and soils, and then develop maps that predict the predisposition of areas to groundwater
contamination. Phase 2 also will identify a subset of the sampled wells that are suitable for

long-term water-quality sampling.

Phase 3, which may be performed after Phase 2 is completed (as directed by the Board of
County Commissioners), will utilize the information gained during Phase 1 and Phase 2 to
develop recommendations on topics such as:

e land-use planning and subsequent development of regulations, if warranted,
voluntary water-quality protection programs,
public education and outreach,
county administration and refinement of onsite wastewater system regulations,
future aquifer recharge projects,
areas of special concern for oil and gas drilling,
zones for wellhead protection,
long-term sampling of wells to monitor the potential effects from land-use
development and oil and gas exploration, and
e future susceptibility assessments in the Denver Basin bedrock aquifers.

D. OBJECTIVES AND SCOPE
The objective of Phase 2 is to gain a better understanding of groundwater resources in the
upper Black Squirrel Creek Basin to aid in planning, decision making and public education
2
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related to groundwater and drinking water supplies to provide for long-term water-resource
protection and management. The results of Phase 2 will help to determine the age and flow
directions of the groundwater, and identify areas sensitive to groundwater contamination.
Maps that show the predisposition of the alluvial aquifer in the upper Black Squirrel Creek
Basin to groundwater contamination will be developed. These maps can be used by
resource managers to focus groundwater-sampling programs in areas of greatest potential
for contamination and focus pollution-prevention programs in areas of greatest concern. For
example, the maps generated from this project can support the next phase of the project
(Phase 3), which may determine wellhead protection zones.

The scope of this project includes identifying existing wells completed in the alluvial
aquifer that are suitable for geochemical sampling. The scope also includes installation of
up to 10 new monitoring wells where no wells exist. Water from at least 50 new and
existing wells will be analyzed for fluoride, major ions, nitrate, and groundwater age dating
constituents such as chlorofluorocarbons, dissolved gasses, and tritium. The southern
boundary of the study area may be extended south of the boundary used during the Phase 1
report to incorporate wells owned by the State of Colorado. Maps predicting the probability
of groundwater contamination by constituents such as nitrate will be developed based upon
statistical correlations between groundwater quality data and factors such as depth to
groundwater, land use, and soils. Wells suitable for long-term groundwater-quality
sampling during Phase 3 will be identified.

There is concern that proposed oil and gas exploration activities could adversely affect
groundwater quality in the study area. One of the primary objectives of Phase 2 is to
develop maps predicting the pre-disposition of groundwater contamination from nonpoint
sources of contamination such as nitrate. Assessing the potential impacts from site-specific
oil and gas exploration activities are beyond the scope of this proposal. However, it is
within the scope of Phase 2 to establish baseline groundwater quality in the alluvial aquifer.
Water from the same 50 wells sampled by Phase 2 will be analyzed for additional
compounds that are indicators of potential contamination resulting from oil and gas
activities. These compounds include benzene, toluene, ethylbenzene, and xylenes (BTEX,
see Table 1), and methane (determined with a dissolved gas analysis).

Making land use decisions such as determining maximum densities of domestic septic
systems is beyond the scope of Phase 2, because Phase 2 is a regional study designed to
evaluate nonpoint—source pollution across the entire study area. However, the results of
Phase 2 can provide the foundational information for making land use and public health
decisions during Phase 3.

E. APPROACH
A staged approach will be used during Phase 2 that allows specific components of the
project to be completed in a sequential manner. This staged approach was successfully
accomplished in a similar study in Eagle County. If only partial funds can be obtained
during any particular year, the staged approach allows tasks to be completed in a sequential
manner, and the timelines of the next tasks to be pushed forward until additional funds can
be obtained. The timelines for each task can be modified depending on the availability of

January 30, 2012 . 3



funds. The cost estimates were performed using 2012 cost estimates. If it takes longer than
anticipated to get all tasks funded, the costs estimates may have to be recalculated to
account for inflation.

The first task will include carefully examining the Colorado Division of Water Resources
Well Permit database to identify ‘candidate’ wells that are completed in the alluvial aquifer
in the study area. All data associated with the candidate wells will be compiled, including
well logs, well depths, screened intervals, well permits, and well owner information. All
relevant GIS data for the study area such as land use, geology, and soils data will also be
compiled. The datasets associated with this information will be downloaded into a central
data repository (such as a relational database) so that efficient retrieval and linkages to other
attributes can be done to meet the project objectives. Cooperator support is required, and
will include in-kind services to assist with retrieving well permit data, identifying wells
completed in the alluvial aquifer, locating wells logs and matching those with candidate
wells, obtaining well owner information, and obtaining GIS data from local agencies
(Table 2).

The first task of Phase 2 will also select a subset of the candidate wells using a stratified
random sampling procedure. Existing GIS data such as land use, geology, and soils will be
used to identify the full range of land use and hydrogeologic factors present in the study
area. The stratified random sampling procedure will select wells that sample a wide range
of those factors in a statistically random manner. Because of the complex nature of this
analysis, the USGS would lead this task of Phase 2.

The second task will perform a site visit of the randomly selected wells to determine their
suitability for geochemical sampling. The suitability for sampling will be based upon
factors such as the ability to measure the water level, permission to sample from the well
owner, and the presence of a sample port located prior to any filtration, treatment, or
pressure tanks. If the site is deemed suitable for sampling, it will be inventoried, the water
level will be measured, and all relevant information will be entered into the USGS NWIS
database. The USGS will lead this effort, but cooperator assistance is required to contact
well owners and arrange site visits.

The third task will install new monitoring wells, if needed. Phase 1 recommended that eight
new monitoring wells be installed by this project, but at the time of this writing, it is not
known if geologic conditions will allow installation of the wells. Information learned during
Task 1 and 2 of Phase 2 will be used to determine if these wells should be installed.
Cherokee Metro District has offered their assistance to complete this Task. Cherokee will
contact landowners and get permanent site access, set up contracting with the well drilling
contractor, and assist drillers during well drilling and development. The drilling contractors
will be responsible for locating utilities, obtaining well permits from the State of Colorado,
purchasing supplies, installing the wells, and developing the wells to assure they provide
sufficient groundwater for sampling. The USGS will recommend the locations for installed
wells. If less than 8 monitoring wells are installed, then any leftover funds could be used to
pay for additional geochemical sampling.
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The fourth task of this project will consist of groundwater-quality sampling at 50 wells for
BTEX, chlorofluorocarbons (CFC’s), dissolved gasses, fluoride, major ions, nitrate, and
trittum. Data from multiple geochemical tools will compliment each other, helping to verify
the results. CFC’s and tritium are good age-dating tools for waters less than 50 years old
(Plummer and Friedman, 1999). Dissolved gasses (N, Ar, CH4, CO,, and O,) will be
analyzed at all the sampled sites to provide groundwater recharge temperature data required
for CFC age dating. The potential impacts from oil and gas exploration are a concern, so
BTEX (Table 1) and methane (from the dissolved gas analysis) will be analyzed in water
from all sampled sites. High concentrations of fluoride have been reported in the study area,
so Phase 2 will help identify problem areas. Major ions can be used as geochemical tracers,
and possibly to identify impacts from oil and gas activities. Nitrate is of high concern for
local residents, and will be used to calibrate the probability maps. Field parameters, which
will be collected at each site, will include water level, dissolved oxygen, pH, specific
conductance, and temperature. Dissolved oxygen provides important information on the
reduction and oxidation (redox) characteristics of the groundwater, which helps determine
how persistent nitrate will be in the groundwater. Cooperator assistance is required to
arrange well access, help with sampling logistics, and possibly provide field staff.

The fifth task of this project will compile and analyze all data collected by this project along
with Phase 1 data. Groundwater geochemistry, groundwater age, and elevations of the
groundwater will be evaluated and a conceptual model of the groundwater age and flow
directions will be developed. Maps showing the water table elevations and depth to
groundwater will be developed. Groundwater probability model(s) and map(s) will be
developed based upon correlations between the groundwater-quality data and GIS data such
as depth to groundwater, land use, and soils. Statistical models will be developed that
predict the predisposition of the alluvial aquifer to groundwater contamination, similar to
that done by Rupert (1998, 2001, and 2003) and Rupert and Plummer (2009). Two types of
probability models/maps will be developed. The first will develop a probability model/map
using only hydrogeologic variables such as depth to groundwater and soils (hydrogeologic
susceptibility). The first model/map can be used in land use applications or public health
reviews so that appropriate conditions or technology can be required in highly sensitive
areas. The second probability model/map will combine land use variables with the
hydrogeologic susceptibility variables (groundwater vulnerability). This second model/map
will help identify if there is a correlation between certain land uses and contamination, and
it can be used by planners to create zoning and land use plans. The final report will describe
the: 1) groundwater quality, 2) groundwater age, 3) groundwater flow directions, and 4)
correlations between groundwater quality and GIS data. The final report will define the
predisposition of the alluvial aquifer to groundwater contamination by incorporating
methods used by Rupert (1998, 2001, 2003), and Rupert and Plummer (2009). Task 5 will
also produce a groundwater-monitoring plan for future sampling of the alluvial aquifer.
This groundwater-monitoring plan will include a list of wells sampled during Phase 2 that
are suitable for long-term sampling, a list of analytes, sampling frequency, and estimated
costs. This monitoring plan may be useful for long-term baseline monitoring of the effects
of land use development, including the potential effects from oil and gas exploration and
production in the area.
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F. QUALITY-ASSURANCE PLAN
All new data-collection sites will be inventoried and the data will be entered into the
National Water Information System (NWIS) database in accordance with standards
specified by the Colorado Water Science Center
(http://co.water.usgs.gov/usgs/datamgmt/site_file POLICY.doc). Groundwater levels will
be measured in accordance with the groundwater technical procedures of the U.S.
Geological Survey (Cunningham and Schalk, 2011). All groundwater-quality data will be
collected in full accordance with the USGS Colorado Water Science Center QA/QC plan
(http://co.water.usgs.gov/usgs/QA/CO_Water Quality QA_Plan.pdf) using standard USGS
sampling methods (http://water.usgs.gov/owq/FieldManual/) and methods specified by the
USGS chlorofluorocarbon laboratory (http://water.usgs.gov/lab/cfc/sampling/).

Chlorofluorocarbon samples will be analyzed by the USGS Chlorofluorocarbon lab in
Reston, VA. All other water-quality samples will be analyzed by the U.S. Geological
Survey National Water Quality laboratory and all data will be entered into the USGS
National Water Information System database.

The QA/QC program for water-quality sample collection will consist of 5 replicate CFC
samples collected at each site, replicate samples for major ions, nutrients, and tritium
collected at 10 percent of the sites, and equipment blank samples for major ions and
nutrients collected at 10 percent of the sites. Duplicate samples for dissolved gasses will be
collected at each site. BTEX trip blank and replicate samples will be collected at 10 percent
of the sites. :

Metadata will be created for all ARC/INFO coverages, shapefiles, and geodatasets that are
developed by this project. This metadata and the associated ARC/INFO data files will
undergo colleague review and USGS approval prior to being released to the public. The
metadata will meet Federal Geographic Data Committee standards as specified at
http://water.usgs.gov/usgs/gis/metadata.html.

G. PRODUCTS
A comprehensive USGS Scientific Investigations Report (SIR) will be written at the
completion of Phase 2 that summarizes the results of all tasks of the project. The GIS data
layer(s) of the groundwater probability map(s) developed by this study will be published as
Open File reports and posted on the World Wide Web for use by the public. All other
original GIS data layers developed by this study (such as depth to ground water and water
table) will be published as USGS Open File reports and posted on the World Wide Web.
Text from the SIR will be used to develop the metadata for the original GIS data layers so
there is consistency between the final report and the associated data layers.

All GIS data layers that were used as building blocks for the probability maps, but not
necessarily developed by this project (such as land cover and soils) will be transmitted to El
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Paso County so that all the building blocks that went into the probability maps can be
archived, and updated probability maps can be produced in the future.

All well inventory and groundwater-quality data collected during Phase 2 will be entered in
the U.S. Geological Survey National Water Information System (NWIS) database and
served on the World Wide Web (except for well owner and public supply well information,
which will be kept confidential). A copy of the well database will also be transmitted to El
Paso County, with a confidentiality clause because it may contain well owner information.

A groundwater monitoring plan for future sampling of the alluvial aquifer will be
developed. This groundwater-monitoring plan will include a list of wells sampled during
Phase 2 that are suitable for long-term sampling, a potential list of analytes, sampling
frequency, and estimated costs. This monitoring plan may be useful for long-term baseline
monitoring of the effects of land use development, including the potential effects from oil
and gas exploration and production in the area.

H. PROJECT MANAGEMENT

A final project schedule will be arranged at the time the USGS Joint Funding Agreement is
signed by both parties. Once the project begins, written status updates will be provided by
the USGS on a quarterly basis. If requested, the USGS will attend the monthly committee
meetings to give verbal status reports. The USGS arranges billing on a fixed-cost basis,
with bills submitted quarterly.
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Table 1. List of constituents (and their reporting limits) analyzed by USGS Lab Schedule 4025,
Gasoline Oxygenates & BTEX.

Schedule 4025
Description: Gasoline Oxygenates & BTEX, Acidified, Wat, Unf - 3 vials

[RL, Laboratory Reporting Limit]
Pagé;ter CAS Number Unit RI. Tyvpe (\
tert-Amyl alcohol 77073 75-85-4 0.6 |ug/L| Il
Methyl acetate 77032 79-20-9 0.46 |ug/L| Irl
Acetone 81552 67-64-1 1.6 |ug/L| Il
Benzene 34030 71-43-2 0.040 |ug/L | 1Irl
1,4-Bromofluorobenzene 99834 460-00-4 pct
Ethylbenzene 34371 100-41-4 |0.032 [ug/L | 1Irl
1,2-Dichloroethane-d4 99832 17060-07-0 pet
Ethyl tert-butyl ether 50004 637-92-3 1 0.046 |ug/L | Irl
Isobutyl alcohol-d6 62835 72182-69-5 pct
Diisopropyl ether 81577 108-20-3 | 0.044 |ug/L | Irl
m- and p-Xylene 85795 179601-23-1 [ 0.050 {ug/L | Irl
tert-Butyl methyl ether 78032 1634-04-4 {0.060 |ug/L | Irl
o-Xylene 77135 95-47-6 0.028 [ug/L | Irl
tert-Butyl alcohol 77035 75-65-0 0.8 [ug/L| I
tert-Pentyl methyl ether 50005 994-05-8 10.044 |ug/L| Irl
Toluene 34010 108-88-3 1 0.020 {ug/L| 1Irl
Toluene-d8 99833 2037-26-5 pct
CAS Regisiry Niumber®is a Registered Trademarkofthe American Chemical Saciety. CAS recommends he verficaton f the CASRN thrugh CAS Clien
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Empioyer identification number
84 i 6000764

IR Certification

Under penalties of perjury, I certify that:

1. The number shown on this fom is my correct taxpayer identification number (or | am walting for & number to be issued to me), and

2. | am not subject to backup withholding because: (a) | am exempt from backup
Revenue Sarvice (IRS) that | am subject to backup withholding as a
notified me that | am no longer subject to backup withholding, and

3. {ama U.S. citizen or other U.S. person (defined below).

withholding because you have falled to report all interest
For mortgage Interest paid, acquisition or aban

withholding, or (b) | have not been notified by the Internal

result of a failure to report all Interest or dividends, or (o) the IRS has

sacured property, cancellation of debt, contributions to an individual retirement
and dividends, you are not required to sign the Certlfication, but you must

Certification instructions. You must cross out Item 2 aboys If you have been notified by the IRS that you are currently subject to backup
%dividemh on your tax retum. For real estate transactions, itsm 2 does not apply.
H

provide your correct TIN.

amrangement (IRA)}, and wwwuﬁm& i
ke

See et
L
Sign Signature of /
Here U.S. person b

oan > \ 5 70 -0F

- [ g
General Instructh
Section references are to the Intemal Revenue Code unless
otherwise noted.

Purpose of Form
A person who is required to file an information retum with the
IRS must obtain your comect taxpayer identification number (TIN)
to report, for example, income paid to you, real estate
transactions, mortgage Interest you paid, acquisition or
abandonment of secured property, cancellation of debt, or
contributions you made to an IRA.

Use Form W-9 only If you are a U.S. n (including a
resident alien), to provide your correct TIN to the person
requesting it {the requester) and, when applicabls, to:

1. Certify that the TIN you are giving is comect (or you are
waiting for a number to be 5

2. Certify that you are not subject to backup withholding, or

3. Claim exemption from backup withholding If you are a U.S.
exgmpt payee. If aspllca?le. u ar? aiso certifying tl'm as afr
U.S. person, your allocable of any partnerghip Incoms from
a U.S. trade or businass is not subject to the withholding tax on
forelgn partners’ share of effectively connected income.
Note. If a requester gives you a form other than Form W-9 to
request your TIN, you must use the requester’s form if it is
substantially similar to this Form W-9.

Doﬁriﬁonofau.s.mon.Forfedmlmpwm.youm
considered a U.S. person if you are:

@ An individual who is a U.S. citizen or U.S. resident alien,

© A partnership, corporation, company, or association created or
organized in the United States or under the laws of the United

© An estate (other than a foreign estate), or

® A domestic trust (as defined in Regulations section
301.7701-7). '

Spaecial rules for parinerships. Partnerships that conduct a
trade or business in the United States are generally required to
pay a withholding tax on any foreign partners’ share of Income
from such business. Further, in certain cases where a Form W-9
has not been received, a partnership is required to presume that
a partner is a foreign person, and pay the withholding tax.
Therefore, if you are a U.S. person that is a partner in a
partnership conducting a trade or business in the Unitad States,
provide Form W-8 to the partnarship to establish your U.S,
'smus and avoid withholding on your share of partnership
ncome.,

The person who gives Form W-9 to the partnership for
purposes of establishing Its U.S. status and avoiding withholding
on its allocable share of net income from the ership
conducting a trade or business In the United States is in the
following cases:

® The U.S. owner of a disregarded entity and not the entity,
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P.O. Box 1976, Colorado Springs, CO 80901, (718) 660-0948
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Curtis Mitcheli Sean Chambers, Manager  Ann Nichols, Manager Roy Heald, Manager
City of Fountain Utilities Cherokee Metro District Forest Lakes Metro District Security W & S District

January 9, 2012

Via Electronic and/or Ordinary Mail

Colorado Water Conservation Board
1313 Sherman St., Room 721
Denver, CO 80203

Re: Support of Phase 2 Groundwater Quality Vulnerability Assessment Study

The Pikes Peak Regional Water Authority (PPRWA) took action at its January 4, 2012 Board
Meeting to formally support the Phase 2 Groundwater Quality Vulnerability Assessment Study
focused on the Upper Black Squirrel Basin. The Phase 2 study is the latest work in an ongoing
effort to understand and protect the alluvial storage capacity and potential of the Upper Black
Squirrel Creek Basin. The Phase 2 scope of work has been collaboratively developed by the
stakeholder committee and the USGS over several months of meetings between the USGS and
local agricultural, municipal, industrial, environmental and local government technocrats. Lastly it
is important to note that the Phase 2 scope follows the recommendations from a 2010 Colorado
Geological Survey Phase 1 literature review that was also funded by the stakeholder group.

The Phase 2 study project budget is $343,350.00; of which $110,000.00 is likely to come from
local stakeholder entities and local governments (not including in-kind contributions from these
entities) with another $89,000 possibly from State Severance Tax Grant and Water Supply Reserve
Account Grants and the remaining approximately $145,000.00 likely to be Federal matching funds
through USGS. The study is widely supported, with significant buy in from all stakeholders and
local governments and will serve as a regional model for generating baseline water quality
protection and vulnerability assessment data that can be used in the land planning, sourcewater
protection planning and resource protection efforts. This project has an obvious regional impact to
the Basin and its surrounding area, but vulnerability assessment GIS mapping and data results as a
tool for land use decisions, oil and gas impact evaluations, and ISDS (septic system) policy
decisions is a template that can be applied across the Arkansas Basin and the State of Colorado.

The PPRWA requests your consideration of financial support for this important on-going effort.

Please do not hesitate to contact me at (719) 322-2040 if you have any questions. Thank you for
your consideration.

Sincerely,

C Cn >

Curtis A. Mitchell, P.E.
President

cc: PPRWA Directors



