/ONVELR

FECHNICAL SERFICES, IVE

June 25, 2018

Mr. Scott Helm, P.G.

Geotechnical Operations Manager
Montana Department of Transportation
2701 Prospect Avenue

Helena, MT 59620-1001

RE: Phase 111 Geotechnical/Hydrogeological Site Evaluation and Monitoring
Stone Creek North, NH 49-1(25)9, UPN 7931000 — Summary Report

Dear Mr. Helm:

Pioneer Technical Services, Inc. (Pioneer) has incorporated your comments into the final
Summary Report for the Stone Creek North Geotechnical/ Hydrogeological Site

Evaluation and Monitoring report. The report is included with this letter for your records. The
report provides an update on the work completed in 2018, summarizes the key findings from the
previous reports sent to the Montana Department of Transportation (on July 3, 2016, April 28,
2017, and December 31, 2017), and provides recommendations for future tasks at this site.

We appreciate the opportunity to assist you with this project and look forward to working with
the Department in the future.

Sincerely,

4L vy /

Mike Potts

Project Engineer

Pioneer Technical Services, Inc.

HEADQUARTERS: PO BOX 3445 ¢ BUTTE, MT 59702 | PH: 406.782.5177 « FX: 406.782.5866 | WWW.PIONEER -TECHNICAL.COM

ANACONDA . BILLINGS . BOZEMAN . HELENA . MISSOULA . LAS VEGAS, NV . KELLOGG, ID



IOMM RESTORING OUR ENVIRONMENT ® DESIGNING OUR FUTURE

TLELNICAL SERVICLS, IV

Summary Report for the Stone
Creek North Geotechnical/
Hydrogeological Site

Evaluation and Monitoring

Stone Creek North, Highway 41 (N-49)
North of Dillon, Montana

Prepared for:

Montana Department of Transportation
2701 Prospect, PO Box 201001,
Helena, MT 59620-1001

Prepared by:

Pioneer Technical Services, Inc.
P. O. Box 3445 Butte, Montana 59702

6/22/2018



Summary Report for the Stone
Creek North Geotechnical/
Hydrogeological Site

Evaluation and Monitoring
[For Work Performed from April 2016 through May 2018]

Prepared for:

Montana Department of Transportation
2701 Prospect, PO Box 201001

Helena, MT 59620-1001

Prepared by:

Pioneer Technical Services, Inc.
P. O. Box 3445

Butte, Montana 59702



Summary Report

BTN

TECENS AL SERIPSCES, AV

CONTENTS

1 INTRODUCTION cuueeereereeteeteseesaesseseasensessessesenssasensessesssssasensessesssssssensansessessasansannane 1
O R = - Yol 4= o YU T o o [ SPRRR 1
PREVIOUS FINDINGS FROM 2016-2017 INVESTIGATIONS .eeuveererereecererseserensesessasesessnsens 2

3 2018 WORK PERFORMED . .eceeereeeetereesesersasesessasesessssesessssessssesessssesassssessssssessssasassne 3
Bl S ViSIES eeeeeeeueeeeeee ettt e et e e e et e e e e e e e e e et e e eaa et ee e e e eeeeeaen—eeeaaa—teeeaaa——aeeaaneeeaaaareeaaans 3

3.1.1 January 4 and 16, 2018 ... e e a e e 3
3.1.2  FEDBruary 28, 2018 .....oocuiieiceieieeeieete ettt ettt e ere e te et beeete et e sreenaeennens 4
3.1.3  IMArCh 20, 2018 ... s 4
3.1.4  April 18 and 20, 2018 .....ocueiereeiieeeeeteeere ettt ettt et e ere et et srrenae e 5
T B Y2 10 s - SRR 5
IV DT | - ) 6o ] | F=Yo{ A 1o Yo FUUUTRRR RO OR RO RRRRURPR 5
3.2, ] DAtA ROSUILS e eeeeiee ettt et e e et ee e e e e e e e e e ea e e et seenasesnesennseannasesnasennaeenen 6

4  RECOMMENDATIONS tevevereecererseceressasesassssessssssessssesesssseseasssseseassssessssssessssssessssasassns 7
PHOTOGRAPHS «eueeereeterereerererseseressssesessasesessssessssssessssssessssesessssesessssessssssessssnsassses 8

D  REFERENCES..eeetereeeerersereressasesessssesessssessssssessssssessssesessssessssssesessssessssssessnsnsassnse 14

Figures

Figure 1. Site Map

Figure 2. MDT Proposed Alignment and Areas of Upwelling Groundwater
Figure 3. Minimum Temperature Gradients

Figure 4. Maximum Temperature Gradients

Figure 5. Minimum and Maximum Groundwater Elevation Contours
Figure 6a. Groundwater Hydrographs in Phase Il Piezometers
Figure 6b. Groundwater Hydrographs in Phase Ill Piezometers
Figure 7a. Groundwater Temperatures in Phase Il Piezometers
Figure 7b. Groundwater Temperatures in Phase lll Piezometers
Figure 8. Co-Op Ditch Estimated Flows from Rating Curve at SW-02
Figure 9. Warm Springs Ditch 6-inch Parshall Flume Data

Stone Creek North Geotechnical/ Hydrogeological Site Evaluation

Page i



//Z/;/;';ﬁ\ Summary Report

TECENS AL SERIPSCES, AV

Tables

Table 1. Minimum and Maximum Temperatures Over Period of Record
Table 2. Minimum and Maximum Groundwater Levels Over Period of Record
Table 3. Vertical Thermal Gradients at Piezometers PZ-05 and PZ-13

Photos

Photograph 1. Original Installation of 6-inch Parshall Flume.........ccccccooveiiiiiieeeeie e, 8
Photograph 2. Re-installation of 6-inch Parshall Flume by R.E. Miller and Sons ..........cccccceeuvenn. 9
Photograph 3. PZ-11 Outer Steel Casing Settled into Ground.........ccccceeeevveciiieeeeeeeeeecccirreeeeee e, 10
Photograph 4. PZ-12 Outer Steel Casing Settled into Ground.........cccceeeeevveciiiveeeeeee e, 11
Photograph 5. Stilling Well SW-02 Damaged by Cattle ........cooveeeiiireeeiiiiieicreeeeee e, 12
Photograph 6. SonTek-IQ Pipe Cable Damaged by Cattle ........ccccvvveeeeeeieeicciiiieeeee e, 13

Appendices

Appendix A Field LOBDOOK SCANS.......ciiiiiiiieiiiiiee ettt e s are e s s saae e e s sabaeeeenaes 3
REVISION SUMMARY
Revision No. Author Version Description Date
Rev O Name Draft Issued for Review 06/13/2018
Rev 1 Name Final Issued as Final 06/25/2018

Stone Creek North Geotechnical/ Hydrogeological Site Evaluation Page ii



//Z/;/;';ﬁ\ Summary Report

TECENS AL SERIPSCES, AV

1 INTRODUCTION

This Summary Report describes the work performed by Pioneer Technical Services, Inc.
(Pioneer) for the Montana Department of Transportation (MDT) on the Stone Creek North
project near Beaverhead Rock (Figure 1) from April 2016 through May 2018. The report
provides an update on the work completed in 2018, summarizes the key findings from the
previous years, and provides recommendations for future tasks at this site. Progress reports sent
to MDT on July 3, 2016, April 28, 2017, and December 31, 2017, provide details on the tasks
completed during 2016 and 2017, with key findings summarized in Section 2.

1.1 Background

For safety purposes, MDT is widening Highway 41 from Dillon, Montana, to Twin Bridges,
Montana. A section of this highway located approximately 9 miles north of Dillon passes
through an area where thermal groundwater upwells into diversion ditches on either side of the
highway. Thermal water in this report is defined as water that is at least 10 degrees Fahrenheit
(°F) warmer than the mean groundwater temperature but is less than 122 °F and is heated by
geologic sources.

Pioneer provided services to help MDT gather the information necessary to provide geometric
improvements to the existing roadway (shoulder widening, sloping, and structure replacements)
while ensuring the integrity of the thermal spring complex (i.e., flow, temperature, and water
quality) is not inadvertently compromised.

A diversion ditch exists on the west side of the highway and is called the Co-Op Ditch. The Co-
Op Ditch receives water from the Beaverhead River at a headgate located approximately 0.5
miles west of the Highway 41 bridge over the Beaverhead River. In addition to the water from
the Beaverhead River, thermal groundwater upwells into this ditch at numerous locations along
the approximately 1-mile length from the headgate to the 2 culverts downstream. A 10-foot
wooden flume is located approximately 25 feet downstream of the headgate and Pioneer
personnel recorded gage height readings during each site visit. In April 2016, a Pioneer team
installed 2 stilling wells in the Co-Op Ditch with transducers to record water levels and
temperatures. One stilling well (SW-01) was installed near a waste gate approximately 0.3 miles
downstream of the headgate and another stilling well (SW-02) was installed between 2 culverts
approximately 1 mile downstream of the headgate across Highway 41 from the Warm Springs.
Two SonTek-1Q Pipe flow meters were also installed to measure flows in each culvert.

The Warm Springs on the east side of Highway 41 are the sole water source of the Warm Springs
Ditch (WSD), which flows parallel to Highway 41 past the Point of Rocks (POR) Ranch. In
April 2016, Pioneer installed a 6-inch Parshall Flume and stilling well (SW-03) with a transducer
in this ditch (approximately 450 feet downstream of the Warm Springs). The 6-inch Parshall
flume was later moved approximately 650 feet further downstream (refer to Section 2). In
February 2016, Pioneer installed 6 piezometers on the east side of Highway 41 to investigate the
groundwater conditions near the Warm Springs. In January 2017, Pioneer installed an additional

,/VV\’\_
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8 piezometers to expand the monitoring network (refer to Section 2). All the piezometers were
instrumented with transducers to record water level and temperature data on 15-minute intervals.

2 PREVIOUS FINDINGS FROM 2016-2017 INVESTIGATIONS

Initial investigations determined that the source of the thermal water was a fault-fracture system
extending from Beaverhead Rock to the northwest (MBMG, 2013), as shown on Figure 1. This
finding was critical to the decision by MDT to build a new highway alignment to the east of the
current alignment, rather than attempt to widen the current alignment between the Co-Op Ditch
and WSD, which would have involved impacting portions of the Beaverhead Rock and could
have compromised the flow of thermal groundwater into one or both ditches.

Based on the decision to move the alignment, Pioneer installed additional piezometers (labeled
PZ and a number) on both sides of the proposed new alignment and monitored them monthly
(Figure 1). One key finding from this expansion of the monitoring network was that there
appeared to be two separate thermal expressions of groundwater: one centered at the Warm
Springs Pond and one located to the south near PZ-13 with cooler water in between. Continued
monitoring and conversations with the POR Ranch revealed that cattle use the upwelling warm
groundwater in the oxbow as a source of drinking water during the winter (Figure 2).

Previous inspections have shown that the 3-foot cutthroat flume installed downstream of the Co-
Op Ditch inflow does not accurately measure flows; consequently, a decision was made to
discontinue monitoring at this location. However, after discussions with the POR Ranch, it
appears that the flows from the 3-foot flume could present a contentious issue. The inaccuracy of
this flume is caused by a combination of factors (e.g., improper size, not being level, and algae
and sediment accumulation) that cause it to overestimate the flows. If this flume was replaced
with a device that properly measured the flow, the results could appear to show that flows have
decreased and if this coincided with work completed by MDT, the POR Ranch could try to make
the argument that the apparent reduction in flow was caused by MDT, when in reality the flows
never changed. Because of this revelation, a key recommendation of this report is to continue to
monitor flows at the 3-foot cutthroat flume throughout the duration of the project (see Section 4).

Site challenges mostly related to wildlife and livestock caused some loss of data in some
locations and led to modifications to the monitoring network. Muskrats continuously burrowed
beneath the 6-inch Parshall flume on the WSD until it was removed in fall 2016 and reinstalled
at a downstream location by R.E. Miller and Sons, which is a firm that specializes in flume
installations (Photograph 1 and Photograph 2). The primary reason for relocating the 6-inch
Parshall flume to a downstream location was because the POR Ranch believed that groundwater
was at times upwelling into the WSD downstream of the original flume location. Based on this
information, Pioneer recommended that the flume be moved approximately 650 feet downstream
to ensure that the flow data from the flume represented the entire flow of upwelling groundwater
from the Warm Springs.

Additionally, cattle damaged the cable to one of the SonTek-IQ Pipe flow meters by apparently
stepping on it and damaged some of the piezometers by rubbing on them and causing the outer
steel casings to become loose and settle into the ground. The damaged SonTek cable was
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repaired and re-routed over the culvert, and the outer steel casings on PZ-11 and PZ-12 were left
open and allowed to settle into the soft ground. The outer steel casings on PZ-07, PZ-09, and PZ-
10 were also damaged by cattle and/or frost-jacking during winter in the early months of 2018
and stilling well SW-02 was knocked over and the SonTek cable was again damaged in February
2018 as detailed in the following section.

3 2018 WORK PERFORMED

Pioneer personnel visited the site 7 times between January 1 and May 31, 2018. Site visits
occurred monthly to download data from transducers and SonTek-1Q Pipe flow meters, record
manual groundwater elevation measurements, record surface water elevations and flow
measurements, and ensure site equipment were operating satisfactorily. The site was visited
twice in January due to weather and an additional site visit took place in April to assist MDT
personnel identify piezometers that needed repairs.

The ongoing groundwater monitoring continued at the 14 piezometers installed by Pioneer and
the 2 monitoring wells installed by MDT. Groundwater monitoring included recording depth-to-
water (DTW) measurements at each location and downloading the continuous transducer data,
which recorded water level and water temperature on 15-minute intervals. Pioneer personnel
monitored the surface water using the in-place instrumentation and a manual flow-measuring
device. The manual flow-measuring device was a SonTek Flow Tracker2® Handheld-Acoustic
Doppler Velocimeter® (FlowTracker2). The in-place instruments in the Co-Op Ditch include the
10-foot wooden flume near the headgate, a stilling well near the waste gate (SW-01), and
SonTek-IQ Pipe flow meters installed in the culverts across Highway 41 from the Warm Springs
Pond source area. From the stilling well (SW-02) installed between the culverts, Pioneer
developed a rating curve using manual flow measurements to potentially simplify continuous
flow monitoring at this location in the future.

Pioneer personnel periodically collected manual flow measurements from the stilling well (SW-
03) installed across Highway 41 from the culverts and recorded gage heights and downloaded
data from the 6-inch Parshall flume.

3.1 Site Visits

Typical tasks completed during the site visits included measuring flow, downloading instrument
data, and collecting water level measurements. As such, only the tasks beyond the usual
monitoring, downloading, and/or issues are detailed below. All information from each site visit
was recorded in a log book (included in Appendix A).

3.1.1 January 4 and 16, 2018

On January 4, the water surface was frozen within piezometers PZ-02, PZ-06, PZ-07, PZ-10, PZ-
12, and PZ-14, so no DTW measurements were recorded and transducers could not be retrieved.
The Pioneer team could not download any data from these piezometers.

,/VV\’\_
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The lid on the outer steel casing at PZ-07 had to be pried open and could not be closed with the
polyvinyl chloride (PVC) well cap on. This appears to be a result of the outer protective steel
casing settling or possibly frost jacking of the well. The outer steel casing was closed and locked
without the inner PVC well cap.

On January 16, flows were measured at the culverts in the Co-Op ditch, the SonTek-1Q Pipe
batteries were replaced, and flows were measured in the WSD at stilling well SW-03. No
piezometers were visited during this visit.

3.1.2 February 28, 2018

On this date, the water surface was frozen within piezometers PZ-02, PZ-06, PZ-12, and PZ-14,
so no DTW measurements were recorded and transducers could not be retrieved. The team could
not download any data from these piezometers.

The outer steel casing to piezometers PZ-07, PZ-09, and PZ-10 appeared to have settled and
were resting on the inner PVC piezometer casing so the team could not access these locations. It
should be noted that during spring and summer 2017, the outer steel casings on piezometers
PZ-11, and PZ-12 had also settled and had to be pried open. They have been left open since
(Photograph 3 and Photograph 4).

The inspection of the surface water monitoring site at the culverts showed that the stilling well
(SW-02) had been knocked over, apparently by cattle (Photograph 5), and the cable to the right
(east) of the SonTek-IQ Pipe was visibly damaged again (Photograph 6). The team was unable to
connect to the right SonTek-1Q Pipe and were not equipped to enter the culvert and remove the
instrument for repairs at that time. The stilling well SW-02 was reinstalled, but the measuring
point elevation should be re-surveyed.

3.1.3 March 20, 2018

On this date, although the ground surface had thawed, the lids to piezometers PZ-07, PZ-09, and
PZ-10 could still not be opened so the team did not collect any data from these locations.
Additionally, the transducer was missing from PZ-12. The assumption was that the transducer
and hanging cable were knocked loose by cattle and fell into the well. This assumption was
based on the information that the protective outer casing was settled near the ground surface at
this location (Photograph 4) so the PVC was exposed. There was also evidence of cows rubbing
on the piezometer. Retrieval attempts were unsuccessful at this time, but the team scheduled
additional efforts with different tools for the next site visit in April.

On this date, MDT personnel also downloaded data from MW-103A to the west of PZ-05, and
Pioneer personnel recorded the DTW at that location.

After inspecting the SonTek-1Q Pipe flow meter and following discussions with MDT personnel,
it was decided that the SonTek-1Q Pipes should be permanently removed at this time. Monthly
flow measurements with the FlowTracker2 had been used to develop a good correlation with the
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water level at SW-02. The continuous water level data from the transducer at SW-02 would still
allow a rating curve to be used to calculate the flow at this location.

The SonTek-1Q Pipe flow meters were originally selected because of the high accuracy data they
provide, and because flows in the Co-Op Ditch needed to be closely monitored to ensure the road
construction would not affect the springs that upwell into the ditch. Once MDT made the
decision not to use the original highway alignment and to move a new highway alignment further
to the east, the high accuracy data provide by the SonTek-1Q pipes was no longer necessary.
Because these flow meters also come at a higher cost and require more time and effort to
maintain, it is recommended that a stilling well and rating curve be used for future monitoring at
this location.

3.1.4 April 18 and 20, 2018

The primary purpose of the site visit on April 18 was to meet with MDT personnel to show them
the piezometers that needed repairs. While on the site, Pioneer personnel downloaded data,
scraped and removed algal accumulation from the 6-inch Parshall flume, and collected surface
water flow measurements. The transducer and cable were retrieved from PZ-12 and were reset to
continue recording.

A follow-up visit was completed on April 20 to take new water level measurements and
download data from all the locations and to ensure that all repairs had been completed and all
locations were being monitored.

3.1.5 May 24, 2018

A surface water flow measurement could not be completed at the culverts at SW-02 during this
inspection because the water was too deep to safely wade into. All other routine monitoring was
completed.

3.2 Data Collection

Groundwater

As of April 2016, the original 6 piezometers have been instrumented and have been collecting
water level and temperature data. Since March 2017, all 14 piezometers have been instrumented
and have been collecting water level and temperature data (Figure 3 through Figure 7a, Table 1,
and Table 2). The data collected are supplemented with manual depth measurements taken once
a month by Pioneer personnel.

Surface Water

The SonTek-1Q Pipes and transducers in the stilling wells have been recording since April 2016.
The SonTek-1Q Pipes were permanently removed on March 20, 2018. Figure 8 shows the rating
curve for SW-02 and the estimated flow data. The Parshall flume and its associated transducer
were moved downstream from its original location on October 27, 2016, and the equipment has
been recording since (Figure 9). Data collected before the move were likely erroneous and were
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not used in any calculations. All collected surface water information is supplemented with
manual flow measurements taken once a month by Pioneer personnel.

3.2.1 Data Results

Groundwater

As previously observed and based on the monitoring results, there are two distinct areas where
thermal water appears to be upwelling near the MDT alignment (Figure 3 and Figure 4). Each
thermal area either has been or is currently being used by the POR Ranch and will have to be
continually monitored before, during, and after construction of the highway alignment.

Data downloaded from the 3 “vertically nested” transducers that were temporarily installed in
PZ-5 on April 25 and PZ-13 on May 19 showed that thermal water was likely upwelling from a
lower elevation (Table 3).

The piezometers with installed pressure transducers continue to measure and record the water
levels. Pioneer created a potentiometric map with groundwater contours from the minimum and
maximum measured groundwater levels at PZ-1 through PZ-14 and the 2 MDT wells (123 and
128) using all available data (Figure 5). The average hydraulic gradients were 0.008 feet per foot
during the low water table and 0.0075 feet per foot during the high water table. Additionally, the
flow direction was generally to the east during the low water table and slightly more to the east-
northeast during the high water table. Figure 3 and Figure 4 show the minimum and maximum
groundwater temperatures, respectively.

Surface Water: Co-Op Ditch

Surface water flows from the Co-Op Ditch have been measured monthly at the 10-foot wooden
flume, from within the 2 culverts, and manually with the FlowTracker2. The SonTek-1Q Pipes
have been removed, but a good rating curve has been developed with stilling well SW-02 to
continuously measure flows. With this method it will be important to continue to collect high-
quality manual DTW and flow measurements. Baseflow from upwelling groundwater in the Co-
Op Ditch averages approximately 12.3 cubic feet per second (cfs) during the months without
irrigation, but flows vary widely in the Co-Op Ditch with base flows as low as 1.7 cfs and flows
greater than 50 cfs during summer months due to irrigation demands.

Surface Water: WSD

Manual flow measurements collected within the WSD during site visits continue to reflect what
is measured by the 6-inch Parshall flume. Pioneer continues to be confident that these
measurements are representative of the actual flow within the WSD and that the flow maintains
an average 1.43 cfs flow rate with relatively little fluctuation ranging from 1.10 to 1.85 cfs
(Figure 9).

Pioneer personnel stopped monitoring and taking flow measurements at the 3-foot cutthroat
flume (Figure 1) in early 2017 due to its compromised installation and algae/sediment buildup,
which was causing it to overreport flow. However, on further review of data and after
discussions with POR Ranch, understanding the discrepancy in flow and potential changes to
flows could be problematic if the flume were removed, replaced, or modified during or after the
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MDT construction project. For this reason, Pioneer recommends recommencing the monthly
flow measurements at the 3-foot cutthroat flume and moving stilling well SW-01 (currently
located at the waste gate on the Co-Op Ditch) to the 3-foot cutthroat flume and developing a
rating curve with water levels and manual measurements at this location.

4 RECOMMENDATIONS

Groundwater Monitoring

To ensure that groundwater conditions are not significantly altered as a result of the MDT construction
project or can be mitigated, the baseline conditions must first be established. Based on 2 years of
monitoring data at the original 6 piezometers and 1 year of monitoring data from all other locations,
the baseline conditions appear to be well understood at this time. Pioneer recommends the following
ongoing groundwater monitoring tasks:

1. Continue downloading the 15-minute transducer data and recording manual DTW
readings on a monthly basis at all locations until at least 1 full year after completion of
the construction project.

2. Resurvey the measuring point (MP) elevations on all monitoring locations each spring
after the ground has thawed (typically late March to early May timeframe) to account for
any changes in elevations caused by frost jacking, cattle damage, or other issues and to
ensure water levels are accurate.

Surface Water Monitoring

To ensure that surface water conditions are not significantly altered as a result of the MDT highway
realignment construction project requires comparing conditions against the established baseline
conditions. Based on 2 years of monitoring results from the Co-Op Ditch and 19 months of
monitoring data on the WSD, the baseline conditions appear to be well understood at this time.
Pioneer recommends the following ongoing surface water monitoring:

1. Continue collecting monthly manual flow measurements (using a FlowTracker2 or
similar instrument), DTW measurements, gage height readings, and transducer
downloads until at least 1 full year after completion of the construction project at the
following locations:

a. The culverts at SW-02.

i. The SonTek-1Q Pipe flow meters were removed on March 20, 2018, so it is
important to continue to manually measure flows at the culverts and DTW at SW-
02 to maintain the accuracy of the rating curve at this location.

b. The 3-foot cutthroat flume.

i. The discrepancy in flows from this flume compared to manual FlowTracker2
measurements could cause disputes if the flume is moved or a different device is
installed, so it is critically important to monitor flows at this location to protect
MDT from potential future litigation.
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2. Perform quarterly manual flow measurements (using a FlowTracker2 or similar
instrument) and monthly gage height readings and transducer downloads (where
applicable) at the following locations:

a. The 10-foot flume.
b. The 6-inch Parshall Flume.

3. Remove stilling well SW-01 and its transducer from current location and reinstall at the
3-foot cutthroat flume (refer to Section 3.2.1, Surface Water: WSD).

5 PHOTOGRAPHS
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Photograph 2. Re-installation of 6-inch Parshall Flume by R.E. Miller and Sons
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Photograph 3. PZ-11 Outer Steel Casing Settled into Ground
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Photograph 4. PZ-12 Outer St

eel Casing Settled into Ground
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Photograph 5. Stilling Well SW-02 Damaged by Cattle
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Photograph 6. SonTek-1Q Pipe Cable Damaged by Cattle
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Groundwater upwelling and
flowing through the culvert
southeast of the oxbow.
(April 25, 2017)

Imagery ©2018 , DigitalGlobe
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Figure 6b. Groundwater Hydrographs in Phase Ill Piezometers
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Note: Water levels in PZ-12 and PZ-
14 are typically above the ground
surface.
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45 Data loss due to transducer
\ memory issues (10/04/2018-
11/13/2018)
Transducers were moved around early on in this
40 project to ensure locations closest to thermal springs
were monitored. The PZ-02 transducer arrived
malfunctional from the manufacturer; however, this
was not noticed until after the initial data review
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Figure 7a. Groundwater Temperatures in Phase Il Piezometers
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Figure 7b. Groundwater

Temperatures in Phase 111 Piezometers

80
PZ-11 Piezometer PVC was cut to fit in
casing, so transducer was lowered.
75 Temperature was warmer indicating an H
upward thermal gradient.
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MDT-128
PZ-12 transducer fell to bottom of
40 piezometer on January 9 and was
Small spikes indicate days where reinstalled on April 18, 2018. Temperature
transducer was removed from the was warmer in the deeper aquifer indicating
piezometer for data downloads. an upward thermal gradient.
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Figure 8. Co-Op Ditch Estimated Flows and Rating Curve at

SW-02
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Figure 9. Warm Springs Ditch 6-Inch Parshall Flume Data
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Table 1. Minimum and Maximum Temperatures over Period of Record

) Min Temp Date Max Temp Date Delta
Location o o o
(CF) Recorded (CF) Recorded (°F)
PZ-1 62.8 4/23/2018 72.9 9/20/2016 10.1
PZ-2 44.2 3/25/2017 70.6 10/20/2016 26.4
PZ-3 56.5 3/18/2018 65.5 9/10/2016 9.0
PZ-4 48.0 3/14/2017 63.7 9/10/2017 15.7
PZ-5 64.6 2/13/2017 76.6 9/13/2017 12.1
PZ-6 43.9 3/21/2017 54.3 8/31/2016 10.4
PZ-7 50.0 4/7/2017 60.3 9/29/2017 10.3
PZ-8 56.3 4/13/2018 67.5 9/18/2017 11.2
PZ-9 41.7 1/4/2018 53.4 9/17/2017 11.7
PZ-10 414 4/10/2018 50.2 9/15/2017 8.8
PZ-11 55.8 3/20/2018 70.0 8/31/2017 14.2
PZ-12 47.7 4/3/2017 58.6 10/6/2017 11.0
PZ-13 63.5 3/13/2017 69.8 9/13/2017 6.3
PZ-14 53.2 4/7/2018 60.1 10/7/2017 6.8
7931-123 43.2 3/24/2017 57.0 9/17/2017 13.9
7931-128 47.5 3/20/2018 73.2 9/4/2017 25.7
SW-3 59.4 12/16/2016 88.7 7/7/2017 29.3




Table 2. Minimum and Maximum Groundwater Levels over Period of Record

Locati Min GW Date Max GW Date Delt
ocation Level (ft) Recorded Level (ft) Recorded cia
PZ-1 4813.57 7/24/2016 4814.56 5/17/2017 0.99
pPZ-2 4812.41 8/28/2017 4813.51 6/13/2017 1.09
PZ-3 4812.99 8/28/2016 4814.08 6/13/2017 1.09
PZ-4 4811.87 8/22/2016 4813.51 3/15/2018 1.64
PZ-5 4816.31 8/16/2016 4817.22 6/13/2017 0.92
PZ-6 4811.37 8/22/2016 4813.06 2/20/2017 1.69
pPZ-7 4812.18 8/20/2017 4813.67 2/19/2017 1.49
PZ-8 4814.06 8/1/2017 4815.13 5/17/2017 1.07
PZ-9 4812.73 8/1/2017 4814.41 2/19/2017 1.67
pPZ-10 4814.60 8/1/2017 4816.39 3/15/2018 1.79
PZ-11 4814.79 7/23/2017 4816.29 3/15/2018 1.50
PZ-12 4816.16 7/23/2017 4817.37 4/12/2018 1.21
PZ-13 4815.43 71412017 4816.80 4/14/2017 1.37
PZ-14 4818.89 6/26/2017 4819.65 5/21/2018 0.76
7931-123 4812.37 8/20/2017 4813.88 5/17/2017 1.51
7931-128 4815.55 71412017 4816.67 2/19/2017 1.12




Table 3. Vertical Thermal Gradients at Piezometers PZ-05 and PZ-13

PZ-05 PZ-13
Depth Temperature Depth Temperature
(ft bgs) (°F) (ft bgs) (°F)
5 51.8 5.7 56.7
12 65.1 9.5 60.3
17 67.5 16.5 62
PZ-05 Upward thermal gradient = 1.31 (°F/ft)

PZ-13 Upward thermal gradient = 0.49 (°F/ft)
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