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Executive Summary

The Helena Area Ground Water Project was completed in two phases from July 2009 through September
2012. The study area comprised the Helena Valley and surrounding area. The project objectives included
characterizing baseline nutrient concentrations in ground water across the Helena area, characterizing the
interaction of surface water with ground water in the area, and evaluating potential non-point sources of
excess nutrients in local waters.

The field sampling program focused on collecting samples from 25 monitoring wells in the Lewis and
Clark Water Quality Protection District (LCWQPD) network. The well network includes 8 well clusters,
with both shallow and deep wells at the same location. A total of six sampling events were conducted for
major ions, nutrients and trace metals identified as the primary analytes. A monthly sampling program
during 2009-2010 completed at residential wells where elevated concentrations of nitrate were confirmed
by previous LCWQPD sampling supplemented the monitoring well sampling program. The results
confirm that elevated levels of nitrate and nutrients are present in unsewered residential areas where
Silver Creek and Prickly Pear Creek enter the Helena Valley.

The interaction of surface and ground utilized shallow piezometers installed at surface water monitoring
locations adjacent to Silver Creek, Sevenmile Creek, Tenmile Creek, Prickly Pear Creek and the D2
Drain. The piezometers represent shallow wells installed to the top of the water table adjacent to streams
for water quality sampling and water level monitoring. A total of 11 piezometers were monitored, with 7
installed for this project, and 4 installed by MBMG for their recent area studies. Water quality sampling
events were conducted in winter, spring and late summer 2012, and water levels were monitored at
regular hourly intervals using datalogging sensors for comparison with similar surface water datasets.
The results are consistent with the conceptual model of the Helena Valley hydrogeology, as streams gain
flow in bedrock areas with little alluvium upgradient from the valley, lose water to ground water where
they enter the valley, and again gain flow from ground water as they approach the center of the valley.

The water quality results from this study were compiled into a database with available water quality data
from other area studies. Major ion data were used to classify different water types across the Helena
Valley and surrounding areas. The data results were used to construct stiff diagrams depicting major ion
chemistry, which were used to construct a water quality map for the study area. The mapping effort
identified several different water types, as defined by major ions. Local recharge waters, including
streams and irrigation canals, are predominantly a Calcium-Magnesium/Bicarbonate water type. Ground
water associated with hot springs and warm temperatures is predominantly a Sodium-Potassium/Sulfate-
Bicarbonate water type. A mixed water quality type water, interpreted to result from mixing of local
recharge with deep ground waters, are present in the northeastern and southeastern parts of the Helena
Valley.

The project included a ground water isotope assessment, incorporating two types of isotopes. Oxygen
and hydrogen isotopes of water represent a conservative tracer which can be used to delineate flowpaths
from surface recharge. The water isotope dataset requires additional data to characterize seasonal trends;
however, the preliminary results are consistent with conclusions derived from water levels and water
quality assessments. The nitrogen and oxygen isotopes of dissolved nitrate in ground water samples
were determined to characterize the potential sources of nitrate. The nitrate isotopes indicate that the
majority of detected nitrate is from an animal source — either agricultural animal waste or from septic
systems discharging to ground water. A single sample indicates agricultural fertilizer as a likely source.
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Ground water temperatures observed during sampling indicated that ambient ground water temperatures
are frequently higher than anticipated, based on normal hydrogeologic conditions. The background
temperature gradient was determined from wells in the North Hills and Scratchgravel Hills. Ground
water temperatures in the valley wells indicate areas where mixing of locally recharged ground waters
occurs with deeper ground waters, resulting in warm waters with a mixed major ion chemistry. Ground
water temperature in the piezometers and streams were used to evaluate the interaction of surface and
ground water, with results confirming conclusions from water quality and water level data.

The combined results of the project identify the shallow ground water system present with a Calcium-
Magnesium/Bicarbonate water type, with primary recharge from stream loss and direct infiltration of
precipitation. The deep thermal (warm) ground water system mixes with locally recharged waters in the
subsurface. Nutrient loading to local ground water is most evident in the areas around the valley margins
where Silver Creek, Tenmile Creek and Prickly Pear Creek enter the valley. Nutrient concentrations in
the central part of the valley are generally near background levels. A more complete characterization of
nutrient loading sources for Lake Helena requires an assessment of the ground water drain system in the
central part of the valley, so that a mass balance can be completed for nutrient cycling through the system.
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Ground Water Monitoring Results and Surface Water — Ground Water
Interaction, Helena Valley, Montana

1.0 Introduction

Ground water in the Helena area provides a drinking water source to the majority of local
residents through both public water supplies and private potable wells. Wastewater discharges to
ground water impact local ground water quality from both onsite treatment systems (a/k/a septic
systems) and community system treatment lagoons. Population growth in the area has increased
loading of wastewater to the aquifer, stressing the capacity of the natural system to mitigate the
magnitude of water quality impacts. Agriculture represents an additional source of nutrient
loading to ground water from fertilizers and animal manure. Ground water in the Helena area
occurs in bedrock aquifers along the margins of the Helena Valley, and in the Helena Valley
Alluvial aquifer within the valley (Briar & Madison, 1992; Thamke, 2000). Lake Helena
represents the downgradient discharge point for both surface and ground water in the area.
During the summer, water from outside the drainage basin supplements the local hydrogeologic
system for irrigation. Water from the Canyon Ferry Dam on the Missouri River is pumped into
the Helena Regulating Reservoir, which discharges to the Helena Valley Irrigation District
(HVID) Canal which flows around the valley. The HVID canal discharges to smaller surface
water canals in the distribution system. Leakage from the base of the canals discharges to the
ground water system. Along the valley margins, recent studies simplify the local system by
treating bedrock and alluvial aquifers as a single aquifer system (Waren et al., 2012; Bobst et al.,
2013; METG, 2011). While this assumption is consistent with regional scale assessments of the
ground water flow system in the area, different aquifer types exhibit greatly different soil aquifer
treatment (SAT) properties resulting in different fate and transport properties for nutrients within
the local hydrologic system.

This report presents the results of a recent study implemented by the Lewis & Clark Water
Quality Protection District (LCWQPD) to characterize the interaction of surface and ground
water in the Helena area, with an emphasis on evaluating nutrient loading to Lake Helena (and
the Missouri River) from non-point sources. The study area for this project represents the
Helena Valley and adjacent areas in Lewis and Clark County (Figure 1-1). This study obtained
and provides baseline data to support implementation of the Framework Water Quality
Restoration Plan and Total Maximum Daily Loads (TMDLs) for the Lake Helena Watershed
Planning Area (Framework Restoration Plan) for the Lake Helena Watershed (USEPA, 2006).
Primary funding for the project was obtained from two Section 319 — Non Point Source Program
Grants awarded by the Montana Department of Environmental Quality (MDEQ) to LCWQPD.
The project was completed following the sampling program design(s) outlined in the original
sampling and analysis plan (SAP) for Phase | of the project, and modified for Phase I1l. The
study incorporates historical data for the study area and the results of previous and ongoing
investigations in the study area.

While the project focus is on the entire valley, the program activities in the southeast part of the
Helena valley around East Helena were limited to not replicate work and data collected for
remedial actions currently under implementation for the former Asarco Smelter superfund site.
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Data for the site characterization work includes stratigraphic data from numerous soil borings
and monitoring wells, water level and water quality data from the wells, datasets from
piezometers installed adjacent to Prickly Pear Creek, and surface flow monitoring. While
limited portions of this dataset have been provided to LCWQPD; however, Environmental
Protection Agency (USEPA) staff and consultants have declined to participate in this research
effort. As a result, the characterization of Prickly Pear Creek in the southern part of the valley is
limited at this time.

Augusta
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e e |
Figure 1-1 — Helena Valley Area Study Location
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2.0 Background

The Helena Valley is located within southern Lewis & Clark County, Montana (Figure 1-1). The
continental divide is present west of the valley, with the Missouri River located to the east. The
primary urban areas are located along the southern and southwestern part of the valley, with
mixed residential and agriculture located across the remainder of the valley. The central part of
the valley near Lake Helena is primarily undeveloped. The population of the greater Helena
metropolitan area is estimated at 64,000, with approximately 30,000 people residing in Helena
proper (Helena Area Chamber of Commerce, 2013). The LCWQPD encompasses the Helena
Valley and surrounding area. The climate of the area is semi-arid and typical of the region, with
low precipitation in the valleys, cold winters and mild summers (Kendy & Tresch, 1996).
Monthly average precipitation data is summarized in Table 2-1.

The Lake Helena Watershed covers approximately 402,000 acres (620 square miles) within the
Upper Missouri River Water Basin. The primary drainages are Silver Creek, Tenmile Creek, and
Prickly Pear Creek with headwaters in high elevation mountains to the west and south (Figure 2-
1). Elevations in the study area range from 9,381 feet above sea level at Elkhorn Peak, south of
Helena, to approximately 3,650 ft at Lake Helena. All of the surface waters drain to Lake
Helena, which discharges into Hauser Lake and the Missouri River. From the Framework
Restoration Plan (USEPA, 2006), numerous surface streams and tributaries are impaired at
various locations from combinations of sediment (turbidity), temperature, nutrients and trace
metals. Approximately 68% of the Lake Helena watershed occurs within Lewis and Clark
County, with the remaining 32% in Jefferson County. Lake Helena covers approximately 1,600
acres and is eutrophic with large algal blooms occurring during warm months.

Table 2-1 — Helena Weather Station Average Annual Climate Data

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annual
Avg Max Temp (°F) | 29.9 | 35.0 | 43.6 | 55.3 | 64.4 | 72.7 | 83.1 | 81.4 | 69.6 | 57.3 | 42.1 | 325 55.6
Avg Min Temp (°F) 115 [ 155 | 22.6 | 31.8 | 40.4 | 47.7 | 53.6 | 51.8 | 42.6 | 33.4 | 22.6 | 14.6 32.3
Avg Total Precip (in) | 0.59 | 0.46 | 0.70 | 0.97 | 1.92 | 2.12 | 1.10 | 1.00 | 1.09 | 0.73 | 0.60 | 0.58 11.85
Avg Total Snow (in) 88 | 71 | 82 |51 |16 )01 | 00] 01|11 ) 30]66 ] 81 49.5
Avg Snow Depth (in) 2 2 1 0 0 0 0 0 0 0 1 2 1

Data from Western Regional Climate center, obtained 12 Mar 2013 (http://www.wrcc.dri.edu/cgi-
bin/cliMAIN.pl?mt4055). Period of Record is from 1/1/1893 to 9/30/2012.
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Lake Helena Watershed
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Figure 2-1 — Lake Helena Watershed
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2.1 Geologic Setting and Regional Hydrogeology

The Helena Valley formed along the southwestern side of the confluence of two major regional
fault systems in Montana. After continental-scale tectonic forces created mountains across
western Montana, the valley formed as a the continental block relaxed and began to expand. The
valley formed as a large bedrock block settled into the expanding space, with one end tied to the
Scratchgravel Hills to the west, while the eastern side subsided to fill the expanding gap. As the
eastern side of the block faulted downward, the depression was filled by a series of lakebed and
riverine deposits with a total thickness estimated at approximately 6,000 feet of sediment (Briar
& Madison, 1992; Thamke, 2000). The Helena Valley Alluvial Aquifer comprises coarse
grained alluvial deposits at the top of the valley-fill sequence, present across the Helena Valley.
The coarsest and most permeable parts of the alluvial aquifer are present where tributary
drainages enter the valley, evidenced by gravel pits at near all of these locations. Grain size and
permeability decreases towards the central part of the valley, with a layer of fine-grained lake
deposits covering older materials (Stickney, 1987).

Bedrock at the surface defines the margins of the valley, where bedrock aquifers are locally
developed as potable water sources. Semi-consolidated Tertiary deposits are present under the
alluvial aquifer, and considered part of the aquifer where dominated by coarse grained
sediments. Ground water in the Helena Valley alluvial aquifer flows towards Lake Helena
(Figure 2-2), which acts as the primary discharge point for shallow ground water and surface
water from the valley (Briar & Madison, 1992). Recharge to the aquifer occurs from stream loss
along the valley margins, and from bedrock systems bounding the valley. The Helena Irrigation
Canal flows around the central part of the valley (Figure 2-2), with discharge from the bed of the
canal providing recharge to the local ground water system. Ground water is directly connected
to surface water as the major tributary streams to Lake Helena (Silver Creek, Prickly Pear Creek
and Tenmile/Sevenmile Creek) all experience stream loss where they enter the margins of the
valley. A series of open channel and subsurface tile drain system installed in the central part of
the valley to enhance agricultural productivity lowers the water table in areas with shallow
ground water.
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3 General Ground
Explanation \ Water Flow
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[ 77/ Mb Big Snowy Group I 7/, zgIntrusive rocks Geology from Reynolds.
in Thamke (2000).

Figure 2-2 — Helena Area Geologic Map and Potentiometric Surface
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2.2 Previous Hydrogeology Studies

The United States Geological Survey (USGS) completed several water quality studies of the
Helena Valley. The initial study of the area comprised a reconnaissance study completed in
1948 to determine the general properties of ground water flow and chemistry in the valley
(Lorenz & Swenson, 1951). This study presented major ion chemistry data for water samples
from 17 wells at locations across the Helena Valley, including two wells drilled into the Tertiary
sediments beneath unconsolidated valley fill material. With increased growth in the area, the
USGS completed additional studies in 1971 (Wilke & Coffin, 1973) and 1978-79 (Moreland et
al., 1979; Moreland & Leonard, 1980) to examine the impacts of urban growth on water quality,
with limited sampling for major ions and trace metals, and more extensive sampling for nitrates.
These studies concluded that urban growth was impacting ground water quality in the area. The
most detailed study of the Helena Valley Aquifer was performed in 1989-90, with a detailed
ground water numerical (computer) flow model completed for the aquifer coupled with an
extensive ground water sampling and analysis program to characterize chemical water quality
across the valley (Briar & Madison, 1992). The nature of the bedrock aquifers along the margins
of the Helena Valley were investigated during the period 1993-98, with additional water quality
sampling (Thamke, 2000). Focused ground water studies were performed on the impact of
irrigation drainage to ground water quality in 1995 (Kendy et al., 1998) and on the hydrogeology
of the North Hills area of the Helena Valley (Madison, 2006). More recently, the Montana
Bureau of Mines and Geology (MBMG) completed focused studies on the hydrogeology and
water quality of the North Hills area (Waren et al., 2012) and the Scratchgravel Hills area (Bobst
et al., 2013). Additional unpublished ground water quality data for the Helena area is present in
WQPD incident response files, with subdivision applications submitted to Lewis & Clark County
and/or Montana Department of Environmental Quality, and for environmental sites within the
study area.

2.3 Regional Conceptual Hydrogeologic Model

The conceptual model for the hydrogeology of the Helena Valley was developed based on the
results of previous studies in the area. The conceptual model provides a baseline system for
comparison with the different data results in the study. These results provide constraints to the
model allowing for it to be refined, increasing the representativeness of the conceptual model to
the actual system. For the Helena Valley Aquifer, the conceptual model reflects primary
recharge to the aquifer from stream loss where streams enter into the valley. Recharge from
bounding bedrock aquifers occurs in the subsurface, and maintains water levels during winter
months when recharge is limited. Both the shallow and deep portions of the aquifer discharge
vertically upward into Lake Helena as a discharge point in the central part of the valley.
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3.0 Monitoring Program

The primary focus of the monitoring program comprised the collection of ground water quality
data to assist with the assessment of non-point pollution sources of nutrients to surface and
ground water in the Helena Valley. Data from this project is supplemented by surface water
flow and water quality monitoring programs conducted by LCWQPD since 2007, in accordance
with data needs outlined in the Framework Restoration Plan (USEPA, 2006). The combined
surface and ground water monitoring program datasets represent baseline data for future
evaluations of the efficacy of programs to reduce non-point source loading of nutrients to local
waters. The program was completed with two phases; with Phase | implemented between July
1, 2009 and June 30, 2010; and Phase Il between July 1, 2010 and September 30, 2012.

The primary monitoring points for the project represent the LCWQPD Monitoring Well network,
installed during Summer 2001 at locations across the valley. These monitoring points represent
locations where water quality sampling was conducted in addition to water level monitoring. A
summary of the monitoring well sample locations is presented in Table 3-1. The well network
was supplemented by select private potable wells in areas with known ground water impacts.
The interaction of surface and ground water utilized piezometers installed at eleven surface water
monitoring location in the watershed, listed in Table 3-2. All of the water quality monitoring
locations are depicted in Figure 3-1. Secondary monitoring points represent locations where
water level measurements were collected as part of continuing the long-term monthly water level
measurements completed by LCWQPD in conjunction the MBMG programs.

Table 3-1 Primary Ground Water Monitoring Well Summary

MBMG Well Total Water Date Geologic TOC
Monitoring Wells# GWICID # Owner Depth (ft)  Level (ft) Installed Unit Code Elevation
Buoy Road N (sh) 191524 LCWQPD 25 8.32 12/4/01 110 ALVM 3710.62
Buoy Road S (dp) 191525 LCWQPD 50 8.21 12/4/01 110 ALVM 371054
Sierra & Floweree N (dp) 191526 LCWQPD 46 6.90 12/4/01 110 ALVM 3685.48
Sierra & Floweree S (sh) 191527 LCWQPD 18 5.58 12/4/01 110 ALVM 3685.27
Airport West N (dp) * 191528 LCWQPD 90 5.69 11/29/01 120 SDMS 3864.98
Airport West S (sh) * 191529 LCWQPD 25 6.12 11/29/01 120 SDMS 3865.43
Regulating Reservoir 191530 LCWQPD 56 23.03 11/27/01 120 SDMS 3838.83
Motor Pool W (dp) 191531 LCWQPD 121 38.75 11/29/01 121 SDMS 4012.63
North Hills 191532 LCWQPD 100 59.28 11/28/01 110 ALVM 3882.50
Airport South N (dp) 191533 LCWQPD 121 21.81 11/30/01 120 SDMS 3879.62
Gravel Pit 191534 LCWQPD 100 71.41 11/28/01 110 ALVM 3799.56
Airport South S (sh) 191535 LCWQPD 55 34.83 11/30/01 120SDMS  3880.57
Eichoff & Valley 191536 LCWQPD 70 39.73 11/27/01 110 ALVM 3766.55
Lincoln & Montana 191537 LCWQPD 43 28.86 11/28/01 110 ALVM 3756.62
Airport North N (dp) 191538 LCWQPD 80 27.47 11/30/01 110 ALVM 3782.54
Horseshoe Bend 191539 LCWQPD 19 9.84 11/30/01 110 ALVM 3832.44
Motor Pool E (sh) 191540 LCWQPD 61 34.42 11/29/01 120SDMS  4012.65
Prairie Nest & Lone Prairie 191548 LCWQPD 136 112.55 12/7/01 120 SDMS  3928.83
Helberg Lane S (sh) 191549 LCWQPD 16 3.47 12/7/01 110 ALVM 3684.44
Helena Ground Water Project 8 April 2013
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Table 3-1 Primary Ground Water Monitoring Well Summary (continued)

Monitoring Wells#
Warren School N (dp)
Warren School S (sh)
Helberg Lane N (dp)
Applegate & Norris (sh)

Applegate & Norris MBMG**

Head Lane

Airport North S (sh)
Collins Road MBMG***
Howard Rd W (dp)
Howard Rd E (sh)
Hamer E (sh)

Hamer W (deep)

MBMG
GWICID #
191550
191551
191554
191555
257063
191557
193012
257064
123550
892180
88214
88213

Well
Owner
LCWQPD
LCWQPD
LCWQPD
LCWQPD
MBMG
LCWQPD
LCWQPD
MBMG
MBMG
USGS
MBMG
MBMG

# For well clusters, sh = shallow well and dp = deep well

* Well head lowered by gravel pit operation, recent water level indicated

Total
Depth (ft)
47
19
61
29
58
80
34
51
78
40
25
104

** Replaced Original LCWQPD Well, GWIC 191552, TD - 60'
*** Replaced Original LCWQPD Well, GWIC 191556, TD - 50'

Table 3-2 Stream Piezometer Well Summary

Piezometers

Tenmile Creek Crossings
Country Club Lane (T-24)
Green Meadow Road (T-4)
Sierra Road (T-6)

Prickly Pear Creek Crossings
Canyon Ferry Road (P-5)
Sierra Road (P-10)
Winterbourne Property (P-12)

Silver Creek Crossings
Silver Creek Estates (SC-1)
Smelko Property (SC-2)
Arrowhead Road (D2B-D2)

Sevenmile Creek Crossings
Birdseye Road (7M-1)
Head Lane (7M-3, T-3)

Helena Ground Water Project

MBMG
GWICID #

n/a
n/a
n/a

n/a
n/a
n/a

254216
254237
n/a

255141
255143

Well
Owner

LCWQPD
LCWQPD
LCWQPD

LCWQPD
LCWQPD
LCWQPD

MBMG
MBMG
LCWQPD

MBMG
MBMG

(n/a - not assigned)

Total
Depth (ft)

11.9
114
9.3

10.2
10.7
15.9

16.9
24.5
15.0

16.7
14.3

Water
Level (ft)
13.11
13.00
145
14.22
13.00
351
27.37
7.00
21.56
13.62
10.15
11.90

Water
Level (ft)
(1/1/12)
2.85
9.49
2.42

4.89
2.40
5.18

11.29
17.48
5.33

8.41
2.38

Date
Installed
12/7/01
12/7/01
12/5/01
12/5/01
7/6/10
12/5/01
11/30/01
7/6/10
6/7/90
9/1/78
7/13/90
7/13/90

Date
Installed

9/6/11
9/8/11
9/7/11

9/7/11
9/7/11
9/7/11

11/11/09
11/11/09
9/7/11

3/24/10
3/24/10

Geologic
Unit Code
110 ALVM
110 ALVM
110 ALVM
110 ALVM
110 ALVM
400 BELT
110 ALVM
110 ALVM
110 ALVM
110 ALVM
110 ALVM
110 ALVM

Geologic
Unit Code

110 ALVM
110 ALVM
110 ALVM

110 ALVM
110 ALVM
110 ALVM

110 ALVM
110 ALVM
110 ALVM

110 ALVM
110 ALVM

TOC
Elevation
3740.16
3739.82
3684.15
3736.39
3737.12
3916.01
3782.48
3702.36
3757.44
3757.45
3724.67
3724.71

TOC
Elevation

3907.45
3817.20
3694.94

3767.28
3681.28
3661.96

4026.53
3897.93
3668.71

4090.76
3929.68
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Figure 3-1 Study Monitoring Locations
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3.1 Ground Water Quality Monitoring Program

The ground water sampling program included several phases. The primary program comprised
ground water quality monitoring completed over the duration of the project. A monthly
sampling program, implemented during the first year of the project, characterized seasonal
changes in nutrient levels. The final component comprised sampling shallow ground water
piezometers, installed at surface water monitoring locations, during the final year of the project.
The ground water quality sampling program focused on nutrients and trace metals identified in
the Framework Restoration Plan (USEPA, 2006) as analytes of concern, summarized in Table 3-
3. The analyte list included major ions to characterize water quality types, and potential
indicators of impacts from septic systems.

3.1.1 Monitoring Well Sampling Program

The primary monitoring well network comprises 31 monitoring wells at locations across the
valley (Table 3-1). The LCWQPD monitoring well network installed in 2001 comprised 27
monitoring wells at 18 locations across the valley (9 locations with individual wells, and 9
locations with well clusters where two wells are installed to different depths into the aquifer).
Within two years of installation, two of the wells (Applegate & Norris Deep and Collins Rd)
were destroyed by road maintenance equipment. MBMG replaced the wells in 2010 as
monitoring points for the local GWIP studies of the North Hills (Waren et al., 2012) and
Scratchgravel Hills (Bobst et al., 2013). During the last year of the project two well clusters
(four additional monitoring wells) in the central part of the valley from previous MBMG/USGS
studies were incorporated as sampling points within the LCWQPD monitoring well network.

The primary sampling program comprised six events between October 2009 and November
2011. The sampling locations and dates for each sampling event are listed in Table 3-4. The
initial program design reflected a semi-annual sampling frequency. Comparison of the recent
data with results from 2001 and 2002 indicated no significant changes in major ion chemistry
over that time. Due to the stability of this data, the sampling program for Phase Il of the project
was modified to incorporate a Fall 2010 sampling event and three sampling events for 2011. The
Fall 2010 sampling event only included shallow wells due to problems with the deep sampling
pump, and the early onset of winter snowcover to the region. The timing of the three events was
to coincide with the generic surface water hydrograph, which reflects seasonal recharge to the
local aquifer. The three 2011 sampling events comprised:

e Early Spring — April, during the rising portion of the spring runoff hydrograph when water
levels are just starting to rise after winter, and prior to the start of irrigation season. This
period reflects ambient ground water conditions after the winter

e Late Summer — August, after peak flows have subsided, and in the middle of irrigation
season, to evaluate whether water quality changes associated with either recharge from peak
surface flows or irrigation recharge are present, and

e Late Fall - November, after irrigation season has ended and surface water flows are generally
at minimum levels, and ground water levels are generally starting to decline.
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Table 3-3 Ground Water Monitoring Analytes, Analytical Methods and Reporting Limits
Analyte Units Reporting Analytical
Limit Method
Water Quality Characteristic Properties

Solids, Total Dissolved (TDS) @ 180°C mg/L 10 A2540 C
Alkalinity, Total as CaCO3 mg/L 1 A23208B
Hardness as CaCO; mg/L 1 A2340B
Anions
Bicarbonate as HCO; mg/L 1 A2320B
Carbonate as CO; mg/L 1 A23208B
Chloride (Cl) mg/L 1 EPA 300.0
Sulfate (SO,) mg/L 1 EPA 300.0
Bromide (Br)** mg/L 0.5 EPA 300.0
Nutrients
Nitrogen, Ammonia as N mg/L 0.05 EPA 350.1
Nitrate plus Nitrite as N mg/L 0.01 EPA 353.2
Nitrogen -Total (Persulfate) mg/L 0.05 A4500 N-C
Phosphorus, Orthophosphate as P mg/L 0.001 EPA 365.1
Phosphorus, Total as P mg/L 0.001 EPA 365.1
Phosphorus, Dissolved as P mg/L 0.005 EPA 365.1
Major Cations (Dissolved Metals)
Calcium (Ca) mg/L 1 EPA 200.7
Magnesium (Mg) mg/L 1 EPA 200.7
Potassium (K) mg/L 1 EPA 200.7
Sodium (Na) mg/L 1 EPA 200.7
Dissolved Trace Metals
Arsenic (As) mg/L 0.003 EPA 200.8
Cadmium (Cd) mg/L 0.00008 EPA 200.8
Copper (Cu) mg/L 0.001 EPA 200.8
Iron (Fe) mg/L 0.03 EPA 200.8
Lead (Pb) mg/L 0.0005 EPA 200.8
Selenium (Se) mg/L 0.005 EPA 200.8
Uranium (U) mg/L 0.001 EPA 200.8
Zinc (Zn) mg/L 0.01 EPA 200.8
Boron (B) ** mg/L 0.1 EPA 200.8

** Bromide and Boron were monitored as potential indicators of septic
system discharge; however, high detection limits used by the laboratory
limited the usefulness of the dataset.

Helena Ground Water Project 12 April 2013



Lewis & Clark Water Quality Protection District

4 G
Hauser, Lake
(Missouri Rive)

= ¥Sierra & 'Floweree X 8

11915274 Helerg‘Lane
" 191549

0 1 2 4 Miles WQPD Monitoring Wells USGS/MBMG Monitoring Wells
: T l| |I T l| |I T |l - i ! Two wells . Two wells
0 1 2 4 Kilometers Single Well @ Single Well

Figure 3-2 Study Primary Ground Water Monitoring Locations

Wells are identified with informal name and MBMG-GWIC identification numbers. When two wells and GWIC
numbers are present, the shallow well is listed above the deeper well. Well information is summarized in Table 3-1.

The sample locations remained consistent during the duration of the project, with several minor
modifications. During 2010, MBMG installed two replacement wells for original wells in the
LCWQPD network. After the first year of sampling, the Airport West well cluster became
inaccessible from expansion of a gravel pit in the area surrounding the wellheads, which lowered
the ground surface by approximately ten feet. The two wells were preserved with small volumes
of unmined gravel supporting the casing; however, access to the wellheads was not safe. The
wellheads were rehabilitated in May 2012 by cutting off the extra riser and placing protective
locking rise-up covers over the wells. The sampling program for these wells only included the
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first two events during Phase | of the project, and a special sampling event during Spring 2012.
The final additions to the monitoring program were added to coincide with water level
monitoring wells in the central part of the valley where datalogging transducers were installed.
During the last year of the program, sampling was conducted at two additional well clusters in
the central part of the valley. The addition of these four monitoring wells into the primary

monitoring network results in 31 wells in the primary monitoring network at this time.

Table 3-4 Ground Water Monitoring Well Sampling Summary
Phase Il **

Sample Location

Buoy Road N (sh)

Buoy Road S (dp)

Sierra & Floweree N (dp)
Sierra & Floweree S (sh)
Airport West N (dp)
Airport West S (sh)
Regulating Reservoir
Motor Pool W (dp)
North Hills

Airport South N (dp)
Gravel Pit

Airport South S (sh)
Eichoff & Valley
Lincoln & Montana
Airport North N (dp)
Horseshoe Bend

Motor Pool E (sh)
Prairie Nest & Lone Prairie
Helberg Lane S (sh)
Warren School N (dp)
Warren School S (sh)
Helberg Lane N (dp)

Applegate & Norris (sh)
Applegate & Norris
MBMG (dp)

Head Lane

Airport North S (sh)
Collins Road MBMG
Howard Road (dp)
Hamer E (sh)

Hamer W (deep)

MBMG
GWIC #
191524
191525
191526
191527
191528
191529
191530
191531
191532
191533
191534
191535
191536
191537
191538
191539
191540
191548
191549
191550
191551
191554
191555

257063
191557
193012
257064
123550
88214
88213

Phase |
10/7/09  4/9/10
10/7/09  4/9/10
10/7/09  4/9/10
10/7/09  4/9/10
10/8/09  4/29/10
10/8/09  4/29/10
10/7/09  4/20/10
10/6/09  4/28/10
10/15/09  4/15/10
10/6/09  4/29/10
10/15/09  4/19/10
10/6/09  4/29/10
10/7/09  4/8/10
10/15/09  4/19/10
10/8/09  4/20/10
10/8/09  4/27/10
10/6/09  4/28/10
10/15/09  4/21/10
10/7/09  4/8/10
10/6/09  4/27/10
10/6/09  4/27/10
10/7/09  4/8/10
10/14/09  4/15/10
10/8/09  4/27/10
10/8/09  4/20/10

11/10/10

11/10/10

10/20/10

10/20/10

10/20/10

11/9/10

11/9/10

11/9/10

10/20/10

10/20/10

11/10/10
10/20/10

4/28/11
4/28/11
4/25/11
4/25/11

4/21/11
4/20/11
4/20/11
4/27/11
4/20/11
4/27/11
4/21/11
4/22/11
4/27/11
4/22/11
4/20/11
4/21/11
4/21/11
4/28/11
4/28/11
4/21/11
4/25/11

4/25/11
4/26/11
4/27/11
4/20/11

8/30/11
8/30/11
8/30/11
8/30/11

8/19/11
8/16/11
8/18/11
8/31/11
8/18/11
8/31/11
8/18/11
8/17/11
8/31/11
8/17/11
8/16/11
8/18/11
8/30/11
8/19/11
8/19/11
8/30/11
8/17/11

8/17/11
8/31/11
8/31/11
8/18/11
7/19/11
7/19/11
7/20/11

11/17/11
11/17/11
11/16/11
11/16/11
5/24/12
5/24/12
11/17/11
11/17/11
11/14/11
11/28/11
11/14/11
11/28/11
11/29/11
12/6/11
11/28/11
11/15/11
11/17/11
12/6/11
11/16/11
11/29/11
11/29/11
11/16/11
11/15/11

11/15/11
11/16/11
11/28/11
11/14/11
11/29/11
11/29/11
11/29/11

2 Z2Z2Z2Z2Z2Z2ZZ22z22 b4

2

** |sotope samples were collected during the last sampling event listed. Water isotopes were collected at all
locations. Nitrogen and oxygen isotopes of nitrate samples were collected at locations noted with N
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3.1.2 Biased Potable Well Sampling Programs

The sampling program included two specific components biased to locations where elevated
nitrate levels were known present. These sampling programs utilized residential potable water
wells as monitoring locations. Well sampling information is summarized in Table 3-5. During
Phase | of the project, water samples were collected at five locations monthly for nutrients, with
full suites of analyses included with the two initial major monitoring well sampling events in Fall
2009 and Spring 2010. The well locations are depicted in Figure 3-3. The monthly samples
were collected from November 2009 to October 2010.

The second biased sampling program supported the isotope sampling program with samples
collected during Spring 2012. Isotope samples of nitrogen and oxygen of nitrate (see Section
3.3) were collected from locations where elevated nitrate were present to help determine the
source of the nitrate. Concurrent with isotope sample collection, water quality samples were
obtained to compare water types with other waters in the valley. These locations are depicted in
Figure 3-3.

Additional samples were collected in Fall 2012 to support the isotope sampling program, and to

determine water types for comparison with other area waters. The wells and sampling dates are
listed in Table 3-5, with locations depicted in Figure 3-3.

Table 3-5 Potable Well Monitoring Sampling Summary

Sample
Well Location MBMG Total Dates
GWIC Depth
Monthly Monitoring Wells (feet)
Hope Road 65388 87 Monthly, Nov 2009 - Oct 2010
Griffin Road 189417 155  Monthly, Nov 2009 - Oct 2010
Wildfire Road 153703 257  Monthly, Nov 2009 - Oct 2010
Clinton Road 60925 135  Monthly, Nov 2009 - Oct 2010
Hilmen Road 65088 53 Monthly, Nov 2009 - Oct 2010
Biased Isotope Sample Wells (Spring 2012)
Sawbuck Place not assigned -- 2-May-12
North Montana not assigned -- 2-May-12
Green Meadow 5756 66 31-May-12
Mill Road not assigned - 29-May-12
Sun Valley not assigned -- 29-May-12
Rawhide Court not assigned -- 24-May-12

Biased Isotope Sample Wells (Fall 2012)
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Stoney Drive (dp) 258900 600 18-Sep-12
Stoney Drive (sh) 244157 245 18-Sep-12
Emerald Ridge Park Well 214268 400 18-Sep-12
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Figure 3-3 Potable Well Monitoring Locations
Wells are identified with informal name and MBMG-GW!IC identification numbers. Well information is
summarized in Table 3-4.
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3.1.3 Piezometer Sampling Program

Lewis & Clark Water Quality Protection District

Piezometers represent shallow sand-point wells installed adjacent to streams at surface water
monitoring locations. A total of eleven piezometers were used in this study at locations depicted
in Figure 3-4. For this project, 4 piezometers from the MBMG studies in the area were
supplemented with 7 new piezometers installed specifically for this project. The piezometers
were sampled during three events as summarized in Table 3-6. The three sampling events

comprised:

e Early Winter — late December/early January, when stream flow is minimal and ground water
water levels are declining. This period reflects ambient ground water conditions during the
winter when ground water recharge is minimal

e Early Spring — late April, as surface water flows are increasing with spring runoff, and at the
start of irrigation season, to see if water quality changes are present associated with recharge

from high surface flows, and

e Early Fall — late September, at the end of irrigation season where surface water flows are

generally at low levels

Table 3-6 Piezometer Monitoring Sampling Summary

Piezometer
Location

Tenmile Creek Crossings
Country Club Lane
Green Meadow Road
Sierra Road

Prickly Pear Creek Crossings

Canyon Ferry Road
Sierra Road
Winterbourne Property
Silver Creek Crossings
Silver Creek Estates
Smelko Property

Arrowhead Road (D2 Drain)
Sevenmile Creek Crossings

Birdseye Road
Head Lane **

Surface
Water
Monitoring
Location

T-24
T-4
T-6

P-5
P-10
P-12

SC-1
SC-2
D2B-D2

™-1
7M-3

MBMG
GWIC

not assigned
not assigned
not assigned

not assigned
not assigned
not assigned

254216
254237
not assigned

255141
255143

Total
Depth
(feet)

11.9
114
9.3

10.2
10.7
15.9

16.9
245
15.0

16.7
143

Sample Dates

12/29/11
12/29/11
12/30/11

12/30/11
12/30/11
12/30/11

1/5/12
1/5/12
12/29/11

1/4/12
1/4/12

4127112
4/26/12
4/26/12

4/25/12
4/26/12
4/24/12

4/25/12
4/25/12
4/26/12

4/27/12
4/27/12

** Site also referred to as T-3 from previous surface water monitoring efforts (USEPA, 2006)
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9/26/12
9/27/12
9/27/12

9/26/12
9/27/12
9/27/12

9127112
9/27/12
9/26/12

9/27/12
9/27/12
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Figure 3-4 Piezometer Monitoring Locations
Piezometers are identified with informal name. Piezometer information is summarized in Table 3-1.
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3.2 Ground Water Level Monitoring and Surface — Ground Water Interaction

Water levels were monitored on a monthly basis on all project wells as part of the MBMG
Ground Water Assessent Program (GWAP). The MBMG water level monitoring program is
conducted across the state, with levels monitored on a monthly or quarterly basis depending on
location. LCWQPD staff monitor water levels in project wells, and additional wells in the area,
under subcontract from MBMG (see Figure 3-1).

During the last year of the project, water level measuring datalogging pressure transducers were
installed in the piezometers in the central part of the valley. A transducer is depicted in Figure 3-
5. Transducers were not installed in MBMG piezometers since large data records were
generated during the MBMG studies of the area (Waren et al., 2012; Bobst et al., 2013). This
data is coupled with surface water monitoring data collected by LCWQPD staff as part of a
surface water monitoring program not discussed with this report.

In order to evaluate the interaction of surface water recharge from streams and irrigation waters
in the central part of the valley, transducers were also installed in wells to monitor water level
changes with time. The transducers were installed at times at both wells in a cluster to determine
whether both wells were in the same aquifer based on recharge response times as noted on
hydrographs. After this determination had been made, for well clusters with wells in the same
aquifer, the transducer from the shallow wells were removed and placed at additional locations.
The transducer data is supplemented by the monthly water level data which provides calibration
points for the regular water level data.

Figure 3-5 Datalogging Pressure Transducer
Solinst leveloggers were used to obtain regular water level measurements in both wells and piezometers
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3.3 Ground Water and Nitrate Isotope Sampling Program

A ground water isotope sampling and analysis program was implemented as part of Phase 11 of
the project. The isotope program included two components, with different objectives. Isotopes
represent atoms of the same element with different numbers of neutrons in the atomic nucleus,
resulting in different atomic weights. Ratios of stable isotopes are generally stable in nature, as
opposed to unstable or radioactive isotopes where the elements transform in to different elements
at different rates resulting in changing ratios. This study included only stable isotope analyses.
The data results for stable isotopes are presented as ratios compared to an established standard
value so that changes are observed relative to the ratios. The specifics of each type of isotopic
analysis are discussed in the results section of this report (Section 9.0).

Nitrogen and oxygen isotopes of nitrate molecules represent a method of differentiating between
agricultural fertilizers and organic waste as nitrate sources (Kendall, 1998). Nitrate isotope
samples were collected from monitoring wells with elevated nitrate levels, as noted in Table 3-5.
Additional samples were collected from the biased potable well locations noted in Table 3-6.
These data results were collated with similar data from MBMG studies (Waren et al., 2012;
Bobst et al., 2013) and USGS studies (Thamke, 2000).

Oxygen and hydrogen isotopes of water molecules are considered good conservative tracers,
since the ratios are generally not affected by subsurface processes after recharge has occurred
(Kendall & McDonnell, 1998). Water isotope samples were collected to support the assessment
of the interaction of surface waters as recharge to the Helena Valley Aquifer. Water isotope
samples were collected from all ground water monitoring wells during the last primary sampling
event in late Fall 2011, and from private potable wells during the nitrate isotope sampling event
in Spring 2012. The complete water isotope dataset for the project incorporated additional data
presented from published MBMG studies (Waren et al., 2012; Bobst et al., 2013).

The piezometer ground water sampling program included collecting water isotope samples
during each of the three events. Since the connection to surface water represents a major
objective of this research, correlation of ground water to surface water required isotope data for
the surface water. Samples were obtained during the early winter sampling event at surface
water in streams adjacent to the piezometers. The second surface water event was completed in
August during a comprehensive surface water monitoring effort implemented by LCWQPD.

3.4 Ground Water Temperature Measurement

Shallow ground water temperatures typically fluctuate with surface temperature, but are more
stable with depth below the surface. The average ground water temperature is generally several
degrees Celsius below the yearlong mean average surface temperature in an area (Heath, 1983).
Ground water temperatures increase with depth due to the geothermal gradient, and in
mountainous areas hot springs may occur where geologic conditions provide a conduit for deep
waters to migrate towards the surface. In addition, summer surface water temperatures may
widely vary resulting in changes in temperature of recharge waters. Under these different
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conditions, ground water temperature may be used as a conservative tracer to evaluate the
connection between surface and ground water near streams (Constanz and Stonestrom, 2003).

During the Phase | ground water sampling events, ground water temperatures at several wells
were present at temperatures elevated above the expected local geothermal gradient, based on
local climate conditions. The data indicated that the local geothermal gradient varied across
different parts of the study area. This information resulted in incorporation of additional ground
water temperature data for the study area.

Ground water temperature data from both monitoring and potable water wells were obtained
during sampling events, when water was pumped at constant rates for extended time periods as
water parameters were recorded to verify the representativeness of the ground water. The
ground water temperatures correlate to the total depth of the well.

The use of small datalogging thermistors in the piezometers to monitor surface water infiltration
rates was proposed for Phase Il of the project. This effort was discontinued since the water
levels in the piezometers generally occurred above the screened interval during the periods of
high surface runoff, when the link between losing streams and ground water would be strongest.
Temperature data for this assessment utilized stream temperatures obtained from the LCWQPD
surface water monitoring network, and the from the water level recording transducers installed at
the total depth of the piezometers.

In order to evaluate the geothermal gradient in upgradient areas around the study area,
datalogging transducers were installed into the base of several monitoring wells installed by
MBMG. The initial attempt used thermistors placed into Ziploc bags with a rock for weight, and
then duct taped shut and attached to string. These thermistor sets were lowered to the base of the
wells; however, the water column depth greater than a hundred feet or more typically resulting in
malfunction of the sensors. This approach was modified by placing the two sensors, with sand to
fill void space, inside ¥2-inch PVC caps and plugs screwed together. With string duct-taped to
the outside of the PVC holder, the sensors were lowered to the base of the wells and then
removed after several days. These are depicted in Figure 3-6.

Figure 3-6 Temperature Sensors
Temperature sensors were sealed into PVVC containers, and placed to the base of the well with string.
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4.0 Field Methods and Quality Assurance/Quality Control

This section presents the field methods used to collect samples and data during the project. All
field activities were completed in accordance with protocols outlined in the Sampling and
Analysis Plan (SAP) for the project. The following discussion notes general methods, and any
deviations from the SAP.

4.1 Piezometer Installation and Development

The shallow piezometers were installed at seven locations during early September 2011. While
planned for the spring, the installation was delayed to wait until streambank areas had dried after
wetting during spring runoff to minimize damage by the weight of the drill rig. Additional
delays occurred as a result of scheduling conflicts with the Geoprobe subcontractor during the
summer work months. A piezometer planned for installation near the intersection of York Road
over Prickly Pear Creek was not completed since wet surface conditions resulted in retraction of
approval from a local landowner.

The shallow piezometers were constructed of two-inch steel sandpoint wells with 3.5 foot
screened intervals (Figure 4-1). The sandpoint wells were coupled to threaded steel riser pipe to
the surface. The wells were installed using a subcontracted Geoprobe drill rig, which
hydraulically pressed the wells into the subsurface. The total depths of the wells were estimated
based on the difference between the local ground surface and the adjacent streambed and water
surface. The piezometers were completed with locking caps inside ground level covers
cemented around the wellheads. The piezometers were developed for water sampling by surging
and removing water with disposable bailers, followed by pumping with an electric sampling
pump typically until water turbidity decreased.

4.2 Water Quality Sampling

Ground water samples were collected from monitoring wells and piezometers, with limited
sampling from private residential potable water wells. All samples were collected into new,
unused containers provided by the laboratory. When required, samples for dissolved analyses
were filtered in the field using an in-line 0.45 um filter placed directly onto the sample collection
hose. Sample preservatives were added, as needed, to samples immediately after collection. All
samples were placed directly into an ice-packed cooler for storage and transportation to the
project laboratory. Sample coolers were transported by car directly to the project laboratory,
Energy Laboratories, in Helena with proper chain of custody documentation. In order to meet
holding times, all samples were submitted to the project laboratory within 48 hours of sample
collection.
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Figure 4-1 Piezometer Installation
Use of a Geoprobe to install Piezometer P-T4 adjacent to Tenmile Creek.

The sample analyte list was modified several times during the program. These modifications
included:

e Analyses for ammonia were discontinued from the majority of wells after samples results
consistently indicated no detectable concentrations. These results were associated with
consistently high concentrations of dissolved oxygen, which indicates an oxidizing
environment where ammonia would be not stable, or expected to occur.

e Analyses for trace metals in piezometers ground water were limited to major ions to ensure
sufficient funds were available for all of the sampling programs.

e The monthly sampling program initially included samples for ammonia and hardness. These
analyses were discontinued after the first several events due to the demonstrated stability of
ground water quality parameters from these and other wells in the study.

4.2.1 Field parameters

Field parameters pH, specific conductivity, temperature and dissolved oxygen were monitored
during all water sampling using a flow-through cell, which allowed ground water parameters to
be determined prior to exposure to the atmosphere. Parameters were measured using a YSI
ProPlus Multi-meter calibrated prior to each sampling event.
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4.2.2 Ground Water Sample Collection — Monitoring Wells

Samples were collected from monitoring wells using either a stainless steel or P\VC sampling
pump using a modified low-flow method. The pumps were placed to depth across the screened
interval of the well, with discharge tubing pumped directly into the flow-cell for the field
parameter measurement (Figure 4-2). The pumps were operated using a flow regulating
controller drawing power from a car battery, with the motor running. Drawdown was monitored
during sampling with a manual water level meter to verify that pumping water levels stabilized,
and that pumped water was recharged from ground water into the screened interval. Ground
water parameters were used to verify the representativeness of the collected samples of ground
water from the area where they were collected. Prior to sample collection, the wells were
pumped a minimum of 20 minutes, or until three consecutive parameter readings at minimum
four minute intervals, showed stable water chemistry.

The sample pump and tubing were thoroughly washed between use using an alconox detergent
bath pumped through the pump and tubing, followed with a distilled water rinse pumped through
the pump and tubing. The pump and tubing were stored in a clean plastic bag between uses.

Deviations from the SAP were limited during the sampling program. The sample at the Prairie
Nest & Lone Prairie Well (GWIC 191548) from August 2011 was collected using a bailer as the
pump malfunctioned. The bailer sample was collected after purging three full well volumes, and
measuring parameters after each well volume. The second deviation occurred at the Head Lane
Well (GWIC 191557), which did not show stable water levels after approximately one hour of
pumping during each sample event. Water parameter monitoring showed stability only after the
drawdown water level approached the total depth of the well. Water samples were collected only
after the water parameters had stabilized.

4.2.3 Ground Water Sample Collection — Private Potable Wells

For private potable wells with dedicated, high volume pumps, samples were collected from frost-
free hydrants located near the wellheads. Water from the hydrant was diverted into two streams,
with primary discharge through a garden hose to a point away from the wellhead. The second
water stream was directly into the flow-cell for the parameter meter, which represented the
sampling tube. For the potable wells, water was pumped for a minimum of 20 to 30 minutes to
ensure that a minimum of three well volumes were removed from the well prior to sample
collection. Ground water parameters were monitored at regular intervals to verify the
representativeness of the collected sample.

4.2.4 Ground Water Sample Collection — Piezometers

Ground water samples were collected from the piezometers using a peristaltic pump following
low-flow sampling guidelines (Figure 4-3). Water levels were monitored during pumping to
note that drawdown had not occurred. Samples were collected using dedicated sections of Y-
inch diameter polyethylene tubing for each well, placed to total depth. The discharge/sampling
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line was connected directly to the flow-cell for monitoring of field parameters. Samples were
collected after a minimum of three consecutive readings, at four minute intervals, indicated water

Figure 4-2 Monitoring Well Sample Collection
Pump in well is powered by car battery, with discharge line to base of flow-cell. Sample collected directly from
discharge line after purging is complete. In-line sample filtration directly into sample container.
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Figure 4-3 Piezometer Sample Collection
Sampling apparatus at piezometers noted. Peristaltic pump was operated by battery powered drill. Discharge line to
flow cell for parameter measurement visible.
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quality had stabilized. In some cases, the wells were purged completely prior to sample
collection. For these sites, samples were collected from the first recharge water to the
piezometers.

4.2.5 Surface Water Samples

Surface water samples for water isotope analyses were collected concurrent with the early
Winter 2011 piezometer sampling event. The surface water samples were collected as grab
samples, directly into the sample containers. The second set of surface water isotope samples
were collected in August 2011, as grab samples, with a comprehensive surface water monitoring
event completed by LCWQPD.

4.3 Water Level Monitoring

Water levels were measured using a Solinst electric tape water level meter, with accuracy to 0.01
feet. Additional water level measurements were made with Soli