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Executive Summary

PROJECT TITLE: CUWCD UNDERGROUND WATER ANALYSIS
PROJECT ID: CEEn_CPST_17

PROJECT SPONSOR: Central Utah Water Conservancy District
TEAM NAME: Liquid Steel

For the project, we were tasked with finding the characteristics of the aquifers at the Vineyard
well site, as well as the water elevation levels within the aquifers under certain pumping
scenarios from the recently built wells. The elevation levels would be projected through the use
of a modeling system, which was MODFLOW in our case.

The initial phase of the project, which occurred during Fall 2022, involved the gathering
of necessary data for the wells and putting this information into spreadsheets to begin the
process of calculating the aquifer characteristics. During the semester of Winter 2023, we
calculated the aquifer characteristics and established the model for the well pumps, both of
which were completed around the beginning of April 2023.

Using data from the well completion reports at each well site, we analyzed and
calculated the aquifer characteristics (thickness, hydraulic conductivity, hydraulic gradients,
transmissivity, etc.). Then, we used MODFLOW to create a model to understand the flow of
water. This underground water analysis shows the impact of pumping in the wells and the
cone of depression from each site.

From the model we were able to extract data of the most extreme drawdowns and
elevation levels, as well as maps of the modeled wells and their impact on water elevation levels
within the aquifer over time. Several animations were created that depicted the changes in
water levels as the pumps were turned on and off. The characteristics data and created maps
from the model were the deliverables for the project.
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For our project, we were tasked with modeling the groundwater elevation levels at the
new wells that Central Utah Water Conservancy District (CUWCD) drilled to supplement
current water production from the Orem water treatment plant. 8 wells have been built
so far, with more under construction. CUWCD is concerned about the water elevation
levels as the wells are brought online to provide for the growing water consumption.
These wells draw from three confined aquifers going down to a depth of 1500 ft below
the surface. Each aquifer has its own properties with monitoring wells to record
piezometric heads in each respective aquifer.

The team met every Monday after class and Friday evening around 6pm. Periodically we
met with our project sponsor to discuss challenges we faced with the data. We also met
with our faculty mentor, Dr. Jones, every first Monday of the month and several other days
to discuss our model.

The following was our projected deliverable dates:

March 30, 2023: Submit a detailed summary report with maps, figures and other graphics
necessary to portray aquifer properties.

March 30, 2023: Submit groundwater model results of projected maximum pump rates.
April 10, 2023: Have the final presentation of the project ready to present.

The assumptions that were made to complete the project include calculating one average
conductivity for the three aquifers. Another assumption was the 10% rainfall value to
compute the recharge. Porosity was also assumed to be 0.2 to compute the underground
water analysis model.

The expectations included computing the characteristics of the aquifers, which included
hydraulic conductivity, transmissivity, hydraulic gradient, etc., in addition to a
groundwater model, complete with maps of the projected elevation levels under certain
pumping scenarios.
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Schedule

We met every week, twice a week, with an average of 2-3 hours together. Our first task
together was to analyze the aquifer characteristics from the reports, focusing especially
on hydraulic conductivity. Hydraulic Conductivity was complicated to compute. There
was a lot of data which had to be organized, so we spent a couple weeks working on it.
We finished our calculations around early March.

Once we got the average hydraulic conductivity for the three aquifers, then we moved
on to finish the other characteristics, all of which required the hydraulic conductivity in
order to calculate them. These characteristics included the transmissivity and hydraulic
gradient. We finished the calculations of all aquifer characteristics by mid-March, which
was more time than we anticipated using.

After acquiring all the necessary characteristics, we plugged them into MODFLOW and
began working on creating the model for the water elevations. In addition to the aquifer
characteristics, we also spent time calculating the recharge rate of the aquifers through
rainfall and lateral inflows from the nearby mountains. The model for the aquifer took
about 3 weeks to finish, which put us right near the deadline for the project. Our first
maps were produced near the end of March, while our final maps were created around
the end of the first week of April.

One of the major challenges we faced during the course of the project was our group’s
unfamiliarity with groundwater and groundwater modeling. None of our group members
had taken any classes associated with groundwater. For that matter, only a couple of
members had taken any classes focusing on water resources. As a result, the
calculations and modeling of the aquifers took more time than we initially expected, as
we struggled to understand some of the underlying math for our calculations and
models.
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Assumptions & Limitations

Since our model could not define the wells as accessing three separate aquifers, we
assumed an average hydraulic conductivity. We averaged the hydraulic conductivity
found at each well casing. This assumption has a major limitation, being that it does not
represent the changes in hydraulic conductivity that occur throughout the well site due
to differences in geotechnical properties at each site. However, our calculations found
similar hydraulic conductivities at each site, so we believe that this assumption was not
far off from reality.

We assumed the recharge rate of 10% of rainfall. This was based off historical data for
Utah County rainfalls and the typical percentage of rainfall that infiltrates aquifers. The
rainfall rate could increase some years which would allow the aquifers to recharge
faster. However, the recharge rate could also be lower which would impact the recharge
rate and could be a problem for the wells that are constantly pumping.

We also assumed the porosity value of 0.2. This assumption led to the limitation of how
the soil impacted the hydraulic conductivity. The porosity of soil was not in drill reports
which we checked for each well. This assumption was made based on research on
similar aquifers in soil in Utah.

As a result of these assumptions, the main limitation is found in the consistency of our
data. Since we averaged a lot of the ground conditions throughout the site, this
eliminated any possible anomalies that a more thorough analysis of the area might
have found. We were mostly concerned with our projections being close to the recorded
changes in elevation that CUWCD gave us, so not having these situations come up in
the model was not a concern.

Another limitation was the possible change in site conditions that could have occurred
since the date of the rainfall and hydrology studies conducted on the area. Utah is
currently experiencing drought conditions, which was not true when these studies were
done. It is possible that aquifer conditions have changed enough since then that our
assumptions are no longer representative of the area.
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Design, Analysis & Results

The Theim equation was used to calculate the hydraulic conductivity for a confined
aquifer. The drawdown in the well during pump tests, the max pump rate or q, the radius
of influence, the radius of the well, and the thickness of the aquifer, were variables in the
equation as shown below.
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Figure 1 - ThiemﬂE-qrfJation
The project affects the Northern Utah County aquifer, which is confined and composed
of multiple aquifers. The wells pass through the intermediate, deep, and basement
aquifers down to a depth of around 1500 feet. These aquifers do connect in some areas

thanks to the drilling of the wells, and in the design we combined their total thickness
and assumed them to be connected.

Figure 2 - North Utah County Aquifer Cross
Section
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The table below shows the results of hydraulic conductivity and transmissivity in each
of the wells and the average that was used in the prepared model. This was calculated
using the assumptions from the aquifer characteristics explained above.

Table 1 - Hydraulic Conductivity and Transmissivity in each Well
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Drawdown Well k (ft/s) k (ft/day) T (fth2/s) T (ft*2/day) i (HG)
| 51.47IWeII 8 | 0.000349842| 30.23' O.343I 29621.9‘ 0.0128675I
121.97 Well 9 0.000147629 12.76 0.145 12500.1 0.0304925
148.33 Well 10 0.00012139 10.49 0.119 10278.7 0.0370825
81.71 Well 11 0.00022 19.04 0.216 18659.1 0.0204275
29.4 Well 12 0.00056 48.49 0.550 47524.6 0.00735
110 Well 13 0.00015 12.96 0.147 12702.0 0.0275
120 Well 14 0.00014 12.29 0.139 12045.4 0.03
260 Well 15 0.00003 2.71 0.031 2658.3 0.065
AVG 0.000215523 18.62 0.02884
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Well locations were provided by CUWCD as well
as results of pump tests for each well. Monitoring
wells also recorded historic piezometric head
elevations for each of the three aquifers going
back to 2012. With this information we were able
to enter well coordinates into the hydraulic model
to see the combined effect of pumping all wells
simultaneously.

Figure 4
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Figure 3

:}3" g 3 The recharge rate of the aquifers was found to be
: ' : 10% of average rainfall, or about 1.8 inches per
year. In addition to the rainfall, the aquifers also
receive water from lateral inflows from the
mountains. These lateral inflows were calculated
using a 2008 report from USGS of the hydrology of
Utah County. The inflows were found to be an
additional 16,500 acre-ft/year, or around 55,800
m3/day.

After achieving steady-state conditions on the well
elevations, the largest drawdowns occurred at
Wells 8-10 and Wells 11 and 12. These drawdowns
were typically around 25 m, or about 82 feet. The
elevation levels around the monitoring wells drew down about 20 m, or 66 feet.

>
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Figure 5

This quickly rebounds to a max drawdown of about 18 m, or 60 ft. The monitoring wells
hover around 14 m of drawdown, or 46 ft.
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Related Issues

Utah is one of the driest states in the U.S., so water management is an extremely
important aspect to monitor in order to maintain the welfare and health of the affected
communities. CUWCD must make sure that water deliveries are being made and are
sufficient according to water rights, which is difficult enough if only the drought
conditions were considered. However, Utah has also seen significant population growth,
especially in and surrounding Utah County. As a result, CUWCD has turned to the use of
aquifer water to supplement their current supply. The water levels within the aquifer
could dip below recoverable levels, so knowing how much the constant pumping of the
wells affects the aquifer levels is key to prevent issues related to overpumping.

As mentioned before, the significant population growth of Utah County and the state of
Utah as a whole makes it difficult to project the water demand going forward. A higher
than anticipated growth could lead to higher water demand than expected. If this were
to occur, CUWCD would likely need to rely on production from the wells even more. If
there is not enough water to supply the growing demand, it could have major impacts
on economic growth for the region.

Some of the wells that we modeled in our project have issues with high levels of certain
elements, specifically manganese and iron. While not necessarily dangerous to the
public, the change in color, odor or taste that these elements cause would give the
public pause in using the water. As a result, many of the wells first pump their water into
a polishing plant before it makes its way to the public system. Since the additional
operation and maintenance of a water polishing plant is more added cost, it would
make sense to know how much the wells that do not experience the water quality
issues can be utilized in order to bypass the other wells.
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Lessons Learned

These are some of the challenges we faced and how we overcame each one:

- While we were excited to embark on the project, none of our team members had
experience with groundwater modeling software. As the project went on, our lack
of experience with the software and equations made it more time consuming to
process the data. If we had spent more time getting familiar with the model, we
likely would have been able to run more theoretical scenarios.

- Some of our team meetings were unproductive because we lacked a plan of attack
before the meeting started. During our meetings when we knew what our objective
was, we got significantly more work done on our calculations.

- Atone pointin our research into the aquifers, we realized that our initial choice for
modeling software was not going to be adequate to model the complicated
system of aquifers. As a result, we ended up wasting a lot of time trying to make
the initial choice work. Always make sure that you have the proper tools to analyze
work before diving headlong into it.

- We did not visit the site of the wells we were analyzing until very late in the project.
Oftentimes it is much easier to understand the scope of a project when a person
has a physical connection with the site. Our project supervisor also gave more
detailed background into certain decisions for the wells due to environmental
factors that were out of their control. While it was good to finally see the site in
person, we wish we would have made a more concerted effort to schedule a visit
earlier in the semester. We initially didn't view it as an important step, since we
were already spending so much time on our aquifer characteristic calculations.

- We never had a sit-down meeting with our project supervisor to go over any
confusing data for the wells. For the most part, any challenges or questions we
had were resolved with our faculty mentor or over zoom with our supervisor. A
physical meeting would have been more productive in indicating our
misunderstandings to our supervisor so that he could have pointed us in the right
direction quicker than we could figure it out ourselves. We should have felt more
comfortable in relying on the background project knowledge of our supervisor.
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Conclusions

By running certain scenarios for the pump schedules at each well, we were able to
determine the projected drawdowns for each well and how they affected the water
elevation levels. In the most extreme scenario, all currently built pumps were running non-
stop until reaching steady-state conditions. While the drawdowns were extreme in some
areas, the rebound rate for the aquifers was quick, allowing the system to recover from
significant pulls without permanently affecting the water elevations. The typical scenario
involves all the pumps only running during the peak summer months of May through
September, so the drawdowns aren’t as severe and the projected elevation levels after
reaching steady-state conditions were similar to the recorded changes in elevation levels
that CUWCD has found at their monitoring wells in the past few years.

Since the normal operations of the wells should be well below our model’s extreme use
case, we are confident in saying that the rebound rate of the aquifer is quick enough under
normal rainfall conditions that we are not too concerned about the impact of the wells on
the water elevation levels. The high rebound rate is the result of high lateral inflows from
the mountains, which is usually more stable than the amount of rainfall that occurs in the
valley each year. We believe this high rebound rate is sustainable under historic
precipitation conditions for Utah Valley.
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Recommendations

As mentioned in the conclusion, the scenarios in which the pumps were run non-stop for
an entire year and when the pumps were running on their normal seasonal schedule
produced drawdowns and elevation levels that became steady-state after about 4 years.
Since the recharge rate from the rainfall infiltration and lateral inflows is high enough to
come to this steady-state condition after such a short amount of time, our group is not
concerned with the water levels within the aquifer being drawn down to a critical level.
However, this is assuming historical precipitation levels for every year of the model.

Since several more wells are currently planned and under construction, we recommend
building upon this model once future pump rates and drawdowns have been established
at each new well. Particularly, monitoring the recorded elevation levels and comparing
those values to this newly built model would help affirm the validity of these projections.
A new model with all of the planned wells in place would give a clearer picture as to the
future status of aquifers. In addition, we would recommend commissioning a new
hydrology study for Utah County, as any change in the lateral inflows from the mountains
would have a significant impact on the aquifer levels.
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