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1.0 INTRODUCTION

Environmental monitoring was conducted as part of Environmental Commissioning (EC) for
Water Treatment Plant 4 (WTP4) to determine effects, if any, from shaft construction and
tunneling associated with the building of the Jollyville Transmission Main (JTM). The JTM portion
of the WTP4 project includes the 6.6-mile subsurface tunnel for the 84-inch diameter potable
water pipeline and the four access shafts to the tunnel, including the WTP4 Plant Shaft, Four
Points Shaft, Spicewood Shaft, and Jollyville Reservoir Shaft. The locations of these project
components are presented in Figure 1.

The JTM conveys potable water from the treatment plant to the Jollyville Reservoir for
distribution in the Austin public drinking water system. The design of both the JTM and WTP4 has
been subject to the EC process conducted by the City of Austin’s (City’s) Watershed Protection
Department. The EC process integrates independent, third party environmental review and
oversight into the design and construction process to achieve environmental goals established
by the Austin City Council to meet or exceed standards established by regulatory requirements.

The City’s EC process included environmental monitoring along the length of the transmission
main to detect potential environmental impacts from JTM shaft and tunnel construction.
Monitoring locations are within City of Austin, Travis County, and private preserve sites for
federally listed endangered species. Environmental monitoring included evaluating water levels,
flow rates, and analyzing water quality samples collected from surface waters, springs, and
groundwater wells. These data were used to observe and document environmental conditions in
the project area for changes that might be attributable to shaft and/or tunnel construction.
Changes or the potential for changes in environmental conditions triggered adaptive
management, as needed. The Environmental Monitoring Program (Glenrose Engineering and
INTERA, 2011) was designed to meet the following objectives based on examination of the
Environmental Commissioning Plan for WTP4 (Hicks and Company, 2010):

e Document baseline hydrology, and stream and spring water quality prior to construction;

e Monitor during and after construction to detect possible changes from baseline
conditions; and

e Distinguish changes from baseline conditions attributable to WTP4 from other changes
that are observed in the watershed.

The environmental monitoring program included assessment of water levels, flows, and water
quality data obtained prior to, during, and after shafts and tunnel excavation, tunnel grouting,
and shaft backfilling. The construction timeline is shown in Table 1. Shaft and tunnel excavation
covered the period from October 2011, with start of excavation of the Four Points and Jollyville
Reservoir Shafts, to August 2013, with completion of tunneling of reach 2 (see Figure 1 and Figure
2 for shaft and tunnel reach locations). Tunnel grouting and shaft backfilling were performed
between June 2013 and August 2014. Post construction environmental monitoring was
performed until October 2015.

1 GEOSCIENGE & BINEERIMNG SOLUTIC



City of Austin
Water Treatment Plant 4

Environmental Commissioning

Environmental Monitoring Summary Report

Table 1: Construction Timeline for Shafts and Tunnel Reaches

Project Component Excavation and Tunneling Rt Backfillinf?! and Tunnel
Grouting
Start Finish Finish

WTP4 Shaft September 2012 | February 2013 | N/A

Four Points Shaft October 2011 March 2012 June- August 2014

Spicewood Shaft September 2012 | February 2013 July - August 2014

Jollyville Reservoir Shaft | October 2011 June 2012 February - May 2014

Tunnel Reach 1 April 2012 June 2012 June 2013

Tunnel Reach 2 August 2012 August 2013 January - March 2014

Tunnel Reach 3 August 2012 March 2013 October 2013 - April 2014

N/A means not applicable

Environmental monitoring of locations for wells, springs, and surface waters are shown in
Figures 3, 4, and 5, respectively. Environmental monitoring data collection began in the fourth
quarter of 2010 at locations with completed groundwater well installations. The start of data
collection occurred after the summer drought of 2010 and Tropical Storm Hermine in early
September 2010. Evaluations of groundwater elevation and water quality data from wells, and
flows and water quality data from streams and springs in the monitoring network, have been
presented and discussed in six previous interim environmental monitoring reports prepared by
the City of Austin covering the period from October 2010 until July 2014 (City of Austin, 2011,
2012a, 2012b, 2013a, 2013b, and 2015). This report presents the data and evaluation of the
water quality monitoring results for wells, and the flows and water quality data for surface waters
and springs over the entire monitoring period from October 2010 to October 2015.

The evaluation of groundwater levels observed at monitor wells prior to, during, and after
construction of the shafts and transmission main is addressed in a separate report titled
Assessment of Groundwater Elevation Drawdown and Recovery Resulting from Jollyville
Transmission Main and Shaft Construction (INTERA, 2016). The groundwater-levels assessment
report is provided as Attachment 1 to this report. The groundwater assessment report includes
evaluation of both observed groundwater-level drawdowns associated with excavation of shafts
and tunnel reaches, and the extent of observed recovery of impacted wells in the post-
construction period after shaft backfilling and tunnel grouting. The evaluation presented herein
is focused on the water quality component of the environmental monitoring program. Flow data
for streams and springs is also included herein because data for these locations was collected in
association with the water quality monitoring.

Section 2 provides an overview of the water quality monitoring sites, parameters measured,
monitoring timeline, changes to the original monitoring plan, and discussion of adaptive
management activities at Four Points Shaft and special investigation and monitoring studies,
including tritium age-dating of waters and dye injection tracer tests at one of the shaft locations.
Section 3 presents water quality data and its evaluation for the monitored well, spring and
surface water sites. Section 4 provides the summary from the evaluation of water quality results.
Section 5 includes references cited.

=INTERA
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2.0 ENVIRONMENTAL MONITORING

2.1 Environmental Setting

WTP4 and its associated raw and treated water transmission pipelines were constructed in
northwest Austin and Travis County, within or beneath parts of four watersheds: Lake Travis, Bull
Creek, Rattan Creek, and Lake Austin (Figure 5). The highest topography in the vicinity of these
facilities is at about 1,066 feet mean sea level (MSL) (Figure 2), located near the intersection of
the Lake Travis, Bull Creek, and Lake Austin watersheds (Figure 5). The eastern edge of the project
area, near the Jollyville Reservoir, reaches an elevation of 946 feet MSL. The lowest areas of Bull
Creek above the treated water transmission main (i.e., JTM) have ground level elevations of
about 710 feet MSL. The JTM route is approximately 6.6 miles from the WPT4 site, near the
intersection of Highways 2222 and 620 to the Jollyville Reservoir located at Highway 183 and
McNeil Road in Austin (Figure 1).

A geologic cross section along the JTM route is shown in Figure 2 and presents the three major
formations in the area: Edwards, Walnut and Glen Rose. The water transmission main tunnel is
located at depths between 110 and 350 below ground surface and is entirely within the Glen
Rose Formation. The WTP4, Four Points and Jollyville Shafts penetrate all three formations,
whereas the Spicewood Shaft is just within the Glen Rose Formation and overlying surficial
alluvial materials.

2.2 Monitoring Sites

An Environmental Monitoring Program plan was developed for stream, spring, and well sites.
The locations of sites for water quality monitoring are identified in Figures 3, 4, and 5 for wells,
springs, and surface water sites, respectively. Sites selected for water quality monitoring were at
locations either potentially affected by a particular element of the project (four shafts and three
reaches of the Jollyville Transmission Main), or at reference sites not expected to be disturbed or
impacted by construction. Monitoring parameters for each location were selected based on risks
associated with construction machinery, site clearing, excavation, blasting, subsurface flow
interception, surface runoff, and revegetation. Blasting was allowed in the specification for shaft
excavation but was not used by the excavation contractor.

Some sites, such as Lanier Spring and the surface water site on Bull Creek at Tributary 7, were
equipped with instrumentation (AquaTROLL 200 by In-Situ Inc) capable of continuous monitoring
to capture transient changes in water levels, which reflect changes in surface water flow rates.
This instrumentation was also capable of continuous monitoring for specific conductance at
these sites to detect changes in water chemistry. The surface water site on Bull Creek at 7t
Crossing was equipped with a pressure transducer (TROLL by In-Situ Inc) to monitor changes in
water levels which reflect changes in surface water flow rates.

The water quality monitoring sites that were sampled, corresponding geologic formation,
sampling period, and rationale for monitoring are listed in Table 2. Table 3, below, summarizes
the field and laboratory parameters, and the purpose of these measurements as indicators of

3 GEOSCIENGE & BINEERIMNG SOLUTIC



City of Austin
Water Treatment Plant 4

Environmental Commissioning

Environmental Monitoring Summary Report

potential construction impacts or as data to support interpretation of results from the monitoring

program.

Table 2: Water Quality Monitoring Sites, Geologic Formation, Sampling Period, and Rationale

for Monitoring

Monitoring Sites Formation | Sampling Period* Rationale for Monitoring
Wells
JT-112 Edwards July 2011 - May 2014 | Four Points Shaft
JT-127 Edwards July 2011 —June 2014 | Jollyville Reservoir Shaft
Springs
. April 2012 — May
Pit Glen Rose 2012 JTM tunnel
April 2012
Lanier** Glen Rose AquaTROLL: July 2011 | JTM tunnel
-June 2015
Gaas Edwards January 2012 ~May Four Points Shaft
2014
o November 2011 —
Ribelin Edwards June 2014 Reference
Tanglewood Edwards ';\gngSt 2011~ June Reference; JTM tunnel
Surface Waters
December 2011 — Downstream from Four Points Shaft;
Bull Creek (BCAW) Walnut May 2012 JTM tunnel
. April 2012
?;c“'rg;iik at Tributary 7 Glen Rose AquaTROLL: July 2011 | Reference; JTM tunnel
- March 2015
Tributary 4 downstream of .
Spicewood Shaft (T4DS) Glen Rose July 2011 —June 2015 | Spicewood Shaft
;gi?:zfj?éj ;ﬁ:g?_?_?u?; Glen Rose July 2011 — April 2012 | Reference at Spicewood Shaft
Tributary 4 above Spicewood May 2012 —June Reference at Spicewood Shaft
) Glen Rose . .
Springs Road (T4AR) 2015 (replaced T4US in April 2012)
No water samples.
Bull Creek at 7™ crossing TROLL pressure .
(BCTC)*** Glen Rose transducer: Spicewood Shaft
November 2011 -
June 2015

* Unless otherwise indicated, Sampling Period is the period during which water samples were collected for field and

laboratory water quality analyses.

** Indicates sites that had AquaTROLL 200 sonde with continuous measurement of water level and specific

conductance for select periods.

*** Indicates site that had TROLL pressure transducer with continuous measurement of water level.

=INT
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Table 3: Water Quality Parameters Measured.

Parameter

Purpose Relative to the JTM Construction

Surface water level

Indicates potential groundwater interception by shafts or tunnel as reflected
by a decrease in spring or base channel flow

Temperature Indicates potential impacts from discharge of shaft and tunnel water to surface
waterways
pH Indicates potential impacts from discharge of shaft and tunnel water to surface

waterways

Specific conductance

Indicates potential impacts from discharge of shaft and tunnel water to surface
waterways

Total Suspended Solids (TSS)

Indicates potential impacts from discharge of shaft and tunnel water to surface
waterways

Standard anions and cations*:
Ca, Mg, Na, S04, HCO3, CI

Indicates potential impacts from discharge of shaft and tunnel water to surface
waterways

Nitrate

Indicates potential impacts from blasting by-products, fertilizers

Ammonia Indicates potential impacts from blasting by-products, fertilizers

Phosphate Indicates potential impacts from fertilizers

Copper Indicates potential impacts from drilling and mining operations, vehicular and
equipment use

Chromium Indicates potential impacts from drilling and mining operations, vehicular and
equipment use

Zinc Indicates potential impacts from drilling and mining operations, vehicular and

equipment use

Total Petroleum Hydrocarbons
(TPH)

Indicates potential impacts from drilling and mining operations, vehicular and
equipment use

Di-n-butyl phthalate

Indicates potential impacts from hydrophobic grout injection at Four Points
Shaft

Rainfall

Correlating factor measured by others and used to evaluate significance of
observed changes

Tunnel and shaft inflow

Correlating factor measured by contractor and used to evaluate significance of
observed changes

Tunnel surface discharge

Correlating factor measured by contractor and used to evaluate significance of
observed changes

* Ca (calcium), Mg (magnesium), Na (sodium), SO4 (sulfate), HCOs (bicarbonate), and Cl (chloride)

2.3 Monitoring Timeline and Reporting

The Environmental Monitoring Program for WTP4 was broken into three phases:

1. Baseline from October 2010 to September 2011 to establish pre-construction conditions
and parameter variability,

2. Construction from October 2011 to August 2014 to monitor for potential construction

effects; and

=INTERA
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3. Post-construction from September 2014 to October 2015 to monitor for potential post-
construction effects and recovery.

Baseline and construction phases include both water-level monitoring and water quality
sampling at well, spring, and surface water sites. The earliest baseline water-level data associated
with WTP4 environmental monitoring were collected from groundwater monitor wells that were
installed in September-December 2010. Post-construction water-level measurements ended in
October 2015. Samples for water quality analyses were collected from July 2011 through June
2015. Because no water quality impacts were observed at the sampling sites during the
construction period from October 2011 to August 2014, water quality sampling in the post-
construction period was limited to surface water sites in the proximity of the Spicewood Shaft
(which was the last shaft to complete backfilling and was adjacent to known Jollyville Plateau
Salamander habitat).

Evaluations of groundwater elevation and water quality data from wells, and flows and water
quality data from streams and springs in the monitoring network, have been previously
presented and discussed in six interim environmental monitoring reports (Table 4 below)
prepared by the City of Austin covering the period from late 2010 until July 2014 (City of Austin,
2011, 20123, 2012b, 20133, 2013b, and 2015). This report includes a summary of water quality
data from the six interim environmental monitoring reports and data from sampling conducted
between July 2014 and June 2015 that occurred since the last interim reporting period.

Table 4: Monitoring Reports Issued by City of Austin

Monitoring Report Monitoring Period Reference
Number
1 Before November 2011 COA (2011)
2 November 2011 — June 2012 COA (2012a)
3 June 2012 — November 2012 COA (2012b)
4 December 2012 — April 2013 COA (2013a)
5 April 2, 2013 — August 15, 2013 COA (2013b)
6 August 16, 2013 —July 1, 2014 COA (2015)

2.4 Changes to Environmental Monitoring Plan

Changes were made to the Environmental Monitoring Program as part of the EC adaptive
management process. Key changes and the rationale for these changes to the monitoring plan
are summarized below:

e The decision was made in October 2011 to increase water quality sampling frequency at
wells JT-112 and JT-127 to weekly during excavation at Four Points and Jollyville Reservoir
Shafts, respectively. This increased water quality sampling frequency was in response to
a construction method change. Another benefit was increased EC staff presence onsite.
Once excavation was completed at Four Points Shaft, water quality sampling frequency
for well JT-112 was reduced to monthly and eventually to quarterly or bi-annual. Once
excavation at Jollyville Reservoir Shaft was deeper than the screened interval for JT-127,

=INTERA
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water quality sampling frequency at JT-127 was decreased to quarterly and eventually to
bi-annual.

The decision was made in January 2012 to inject hydrophobic grout behind the shaft liner
plates into spaces between cementitious grout pours to further reduce groundwater
inflow to the Four Points Shaft. A schematic illustration of the shaft completion
characteristics to address the adaptive management is shown in Figure 6. Hydrophobic
grout injection was performed on January 27, 2012. Monitoring for phthalates, a chemical
component of the grout, at JT-112 and Gaas Spring (closest spring to Four Points Shaft)
began prior to grout injection. Sampling for phthalates continued every week for eight
weeks and then at a reduced frequency for a year from the date of grout injection.

Initially, one groundwater monitoring well was installed at the Spicewood Shaft location,
and the monitoring plan specified only one surface water site upstream of the shaft and
one downstream site on Tributary 4 of Bull Creek. On April 5, 2012, however, City staff
identified and confirmed a Jollyville Plateau Salamander (JPS) at the Tributary 4
downstream site. Through adaptive management in response to confirmed species
presence, the shaft lining was redesigned, environmental controls at the construction site
were enhanced, and the monitoring plan was modified (City of Austin, 2012d: Adaptive
Management Recommendations — Spicewood Shaft). Changes to shaft design included
the addition of an inner liner plate with grout installed between the liner plates in a single
pour through the fill/soil section. A schematic illustration of the shaft completion
characteristics to address the adaptive management is shown in Figure 7 (Johns, 2013).
Changes to the monitoring plan resulting from identification of the new JPS site included:
(1) a third streamflow monitoring location added on Tributary 4 (Tributary 4 Above
Spicewood Springs Road, T4AR) to capture upstream (background) conditions more
accurately; (2) a new well (JT-130) installed near the Spicewood Shaft and screened in a
porous dolomitic horizon at the same elevation as the newly discovered salamander
location; (3) continuous water-level monitoring devices installed in wells JT-120A and JT-
130 at the Spicewood Shaft, and JT-118 as a reference site; and (4) a plan to survey the
salamander population before, during, and after the Spicewood Springs Shaft
construction (the actual number of JPS surveys exceeded this plan), and then quarterly
until Spicewood Shaft excavation and reach 3 tunneling activities were completed in
February and March 2013, respectively.

2.5 Tritium Age-Dating Study

A tritium age-dating study (Johns, 2013) was conducted to assist in evaluating hydraulic
connectivity between shallow and deep groundwater systems. Tritium age dating uses historical
changes in rainfall tritium concentrations to determine groundwater recharge timing. Tritium
content in rainfall increased significantly in the early 1950s as a consequence of atmospheric
nuclear weapons testing. Water samples were collected from four surface water sites, 11 springs,
and 17 wells. Tritium results indicate that the springs and creeks in the project area contain
modern water (i.e., derived from rainfall since 1950) averaging 2.3 and 2.5 Tritium Units (TU),
respectively.
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Well locations and screened interval depths are shown in Figures 3 and 2, respectively.
Groundwater from well JT-107SA, screened across the water table and within a relatively thin
vadose zone, indicated modern water with tritium content of 2.3 TU. As expected, groundwater
from several wells screened across deeper (i.e., far below the water table) intervals in the
groundwater system has very low tritium content, averaging 0.05 TU indicative of pre-modern
groundwater recharged from rainfall before 1950. These include samples from wells JT-107-PZA,
JT-108A, JT-118, JT-120A, and JT-124A.

Groundwater samples from wells screened at deeper intervals with tritium concentrations that
reflected a mixture of modern and pre-modern waters included JT-107-DA, JT-104A, JT-125A, and
JT-127. Mixed pre-modern and modern water at these depths is not expected from natural
groundwater flow paths or travel times. Instead of natural flow of groundwater to these depths
during the past 60 years resulting in the measured tritium concentrations, the groundwater
samples taken are potentially impacted by water introduced during drilling and well installation,
and still not completely removed from within the well and surrounding sand pack. The water
introduced during drilling and well installation was sourced at a low water crossing on the
Colorado River (Lake Austin) below Mansfield dam. A water sample taken from this location had
a tritium content of 2.9 TU, indicating modern water. Analysis results for a groundwater sample
from well JT-127 in August 2012 showed a tritium content of 1.55 TU, indicating that potentially
about half of the water sample taken was from water introduced during drilling and well
installation. Mixed waters based on tritium concentrations in samples from some wells in the
vicinity of the Four Points Shaft (e.g., JT-112, JT-128, and JT-113) may also be the result of dye
tracer injections performed at the shaft where source water for the injections was a combination
of shaft sump and municipal water (from the Colorado River), which would represent modern
water.

The shallow groundwater system in the Edwards Formation along the western third of the JTM
included samples from wells with tritium concentrations indicating a mixture of modern and pre-
modern water or pre-modern water only. Samples from shallowest wells in this area, including
JT-112, JT-128, JT-113, and JT-115, exhibited a mixture, whereas JT-114 exhibited pre-modern
only. Tritium results for samples from springs and creeks indicate that they primarily contain
modern water. Results imply that the Jollyville Plateau Edwards Formation contains vadose zone
conduits that transmit recharge water to springs and creeks with limited connection to the water
table (Johns, 2013).

In summary, a mixture of pre-modern and modern waters was determined for the two water
quality sampling sites JT-112 and JT-127. Groundwater samples from JT-127 were potentially
affected by the introduction of water during drilling and well installation, and for JT-112 from
introduction of water during dye tracer injections. Therefore, the water quality analyses from
these wells may not represent native groundwater.

2.6 Adaptive Management Activities at the Four Points Shaft

Site preparation (tree and vegetation clearing) at Four Points Shaft began on September 7, 2011.
Shaft excavation began on October 4, and beginning on November 15, 2011 the groundwater
layer above the Edwards/Walnut contact (Figure 2) was reached. Excavation through the 4.6-ft
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thickness of saturated Edwards Formation resulted in immediate water-level declines in nearby
wells JT-112 and JT-128 (Figure 3). Shaft excavation was completed in March 2012 at a total depth
of about 244 feet.

A permeable ring, cementitious grout, and liner plates were installed in the Four Points shaft at
the lower part of the Edwards formation to minimize groundwater flows into the shaft and to
reconnect flow pathways around the shaft. Nevertheless, as excavation proceeded, monitor well
water levels at JT-112 and JT-128 did not recover. Groundwater from the Edwards at that
elevation continued to drain into the shaft. While the rate of flow into the shaft from the
Edwards, Walnut and Glen Rose Formations did not exceed the design limit of 10 gallons per
minute (gpm) for excavation purposes, the water-level declines continued in the nearby Edwards
Formation wells as a consequence of the low inflow rate of 2 to 3 gpm from the Edwards
Formation into the shaft. Although the rates were inconsequential to shaft construction,
continued inflow to the shaft could potentially divert groundwater that would otherwise
discharge at springs located to the northeast. Monitoring of water levels in wells JT-113, JT-114,
JT-115, and JT-101A (Figure 5) indicated that the zone of influence in the groundwater system
from shaft construction did not expand into these wells and was limited to the immediate vicinity
of the shaft.

As part of the EC adaptive management process, the decision was made to inject a hydrophobic
grout behind the shaft liner plates into the spaces between cementitious grout pours to further
reduce groundwater inflow to the shaft (City of Austin, 2012c; Report on Adaptive Management
Process for Four Points Shaft Groundwater Loss, February 2012). A contaminant transport
analysis was conducted to evaluate concerns about the phthalate content of the grout (30-60%)
and its potential toxic effect on salamanders at Gaas Spring (located 2,100 feet from the shaft).
Results of this contaminant transport assessment indicated that concentrations of phthalate
were unlikely to reach the Lowest Effects Concentration limit of 0.1 milligrams per liter (mg/L)
even in groundwater at the shaft permeable ring, and no transport above that concentration was
predicted beyond the shaft (INTERA, 2012; Assessment of Potential Di-n-butyl phthalate
Concentration in Groundwater from Hydro Active Cut Grout Emplacement at the Four Points Shaft
- Draft 4 April 2012 and Final 21 July 2014). The hydrophobic grout injection was performed on
January 27, 2012. After grouting was completed, water levels in JT -112 and JT-128 recovered to
pre-construction levels. Laboratory analytical results for water samples from Gaas Spring
reported phthalate concentrations less than the laboratory detection level and confirmed that
the grout additive did not transport at detectable concentrations to the spring discharge.

2.7 Dye Tracer Studies at the Four Points Shaft to Evaluate Flow Paths

Four dye traces were conducted in the vicinity of the Four Points Shaft location between March
2, 2011 and July 22, 2012. The first trace was conducted prior to shaft excavation. Dye was
injected into a geotechnical well at the shaft location and detected in multiple wells, in Gaas
Spring, 3,700 feet to the northeast, and in Bull Creek downstream from Gaas Spring.

A dye trace study was also performed to ascertain whether groundwater in the area of the Four
Points Shaft returned to prior flow paths after installation of the permeable ring within the shaft
liner at the base of the Edwards Formation. Dye was introduced via a standpipe into the gravel
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in the permeable ring (Figure 6). Dye was injected three times into the permeable ring. The first
injected dye discharged back into the shaft without entering the formation. In the next trace,
conducted after shaft leak mitigation using the hydrophobic grout, dye entered the formation
but was not detected in any spring. The last dye injected into the permeable ring was detected
in Gaas Spring, verifying that the permeable ring successfully reconnected pre-construction
groundwater flow paths past the shaft. These tracer injections introduced water into the
groundwater system with the potential to impact subsequent water quality sampling results for
well JT-112.
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City of Austin Environmental Commissioning
Water Treatment Plant 4 Environmental Monitoring Summary Report

3.0 MONITORING RESULTS AND DISCUSSION

A cross-section from eastern Lake Travis and along the JTM route is shown in Figure 2 and depicts
groundwater, Bull Creek, spring, and Lake Travis elevations. The locations and depths of the
shafts and the JTM tunnel, the three geologic formations intersected (Edwards, Walnut, and Glen
Rose), and the wells and geotechnical bore locations and groundwater elevations along the JTM
route are shown. The following presents and discusses water quality monitoring data from
groundwater wells, springs, and surface water sites to assess potential impacts from excavation
of shafts and tunnel reaches, and subsequent tunnel grouting and shaft backfilling. Water quality
monitoring sites are listed in Table 2, and corresponding locations are shown in Figures 3 to 5.

Estimated groundwater flows into the Four Points, Spicewood, and Jollyville Reservoir Shafts are
shown in Figure 8. These estimates are based on calculations from volume pumped out and
onsite storage corresponding to groundwater inflow periods of varying duration. The variability
of estimated flows is the result of a range of factors, including whether mucking was or was not
being conducted during the measurement period, pump malfunctions, and diversion of pumped
water for other operations, such as dust control and mixing of grout. The observed shaft inflows
provide direct evidence for flow of groundwater from the formations and into the shafts.

Because water depth in the shafts during shaft excavation was minimized to allow operation of
the mechanical excavators, the hydraulic gradients and groundwater flows were directed inward
to the shafts, thus preventing egress of construction-related contaminants from the shafts into
surrounding groundwater. Groundwater flows into the transmission main tunnel during
excavation were minor, reportedly ranging from drips at one location in the tunnel beneath the
WTP4 site to generally below detection. Even though flows into the tunnel were negligible,
pressure in the excavated tunnel was at atmospheric conditions and groundwater gradients were
towards the tunnel, thus also minimizing potential for contaminant egress during excavation. The
principal potential sources for release of contamination or surface runoff constituents were from
ground surface-based construction activities at the WTP4 plant and shaft sites.

The water quality monitoring results are presented below in the order of wells, springs, and
surface water sites. Measurements of electrical conductivity, providing an indication of total
dissolved solids, at 15-minute intervals from AquaTROLL 200 sondes were available for periods
of time at Lanier Spring and at Bull Creek at Tributary 7.

Plots of water quality results from water samples taken at the monitoring sites are presented in
a format with four panels on each time-series plot:

1. Alkalinity and specific conductance;

2. Total suspended solids (TSS) and turbidity;
3. Chloride, calcium, magnesium, sulfate, and sodium; and
4. Chromium, copper, zinc, phosphorus, ammonia, and nitrate.

The period presented in the plots is from October 2010 to October 2015 with the baseline,
construction, and post-construction phases displayed at the top of the plot. Key construction
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events of interest are displayed as vertical gray bars and dashed and annotated vertical lines on
the plots.

3.1 Monitored Well Sites

Two wells, JT-112 adjacent to the Four Points Shaft and JT-127 adjacent to the Jollyville Reservoir
Shaft, were monitored for water quality evaluation in the Environmental Monitoring Program
(Figure 3 and Table 2). Results are discussed below.

Well JT-112

Well JT-112 is screened at the Edwards/Walnut contact (Figure 2) approximately 120 feet from
the Four Points Shaft. The drilling and well installation for JT-112 was completed on August 31,
2010. Three well volumes were purged on October 6, 2010 to remove the water introduced to
the borehole during drilling and sand pack installation and to develop the well.

Four Points Shaft excavation began October 4, 2011 and was excavated to total depth of 350 feet
in March 2012. Shaft backfill took place during June to August 2014.

Hydrophobic grout was injected behind liner plates in the Four Points Shaft on January 27, 2012
to minimize groundwater inflows to the shaft from the Edwards Formation. Sampling for
phthalates (grout additive) began prior to grout injection. Well JT-112 was sampled and analyzed
for phthalates 18 times during the period January 24, 2012 to May 20, 2014. All measurements
were below detection limits.

Well JT-112 was sampled for general water quality analyses 28 times between July 2011 and June
2015. The groundwater chemistry data from water quality analyses of samples from JT-112 are
shown in Figure 9. Specific conductance ranged from about 580 to 670 microsiemens per
centimeter (uS/cm) and stabilized at about 600 uS/cm. Parameters including TSS, turbidity and
nitrate concentration exhibited greater variability after grouting and dye tracer testing in early
2012.

TSS, turbidity, and nitrate concentrations increased in groundwater samples from well JT-112
after shaft grouting on January 27, 2012 compared to immediately previous measurements.
Nitrate measurements in samples from this well during the baseline phase, however, indicate
natural variability in this constituent independent of any shaft construction activities.
Furthermore, measured nitrate following grouting was less than the highest concentration
measured during the baseline phase, indicating concentrations remained within the range of
natural variability.

TSS and turbidity measured in groundwater after injection of the hydrophobic grout were greater
compared to previous measurements for these parameters. In less than six months,
measurements for both of these parameters returned to and have remained near baseline
conditions. These results indicate no permanent change in either groundwater TSS or turbidity
are attributable to shaft construction.

Dye was injected into the permeable ring constructed to transmit groundwater around the Four
Points Shaft in July 2012. Nitrate measured in the first sample from well JT-112 following dye
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injection showed a concentration slightly greater than any previous measurement, 0.8 mg/L
compared to 0.7 mg/L, in the highest measured concentration during the baseline period. Nitrate
concentrations have remained slightly greater than the highest baseline-period concentration in
four out of five samples collected since dye injection. The data suggest that changes in nitrate
concentration attributable to dye injection, but not shaft construction, may have continued in
samples of groundwater from well JT-112.

In summary, water quality data from well JT-112 indicate no groundwater chemistry changes
attributable to the Four Points Shaft construction.

Well JT-127

Well JT-127 is screened below the Comanche Peak Member of the Edwards Formation (Figure 2)
and is located approximately 18 feet from the edge of the Jollyville Reservoir Shaft. The drilling
and well installation for JT-127 was completed on January 14, 2011. There is no record of JT-127
being purged to remove the water introduced to the borehole during drilling and well installation
and to develop the well.

Jollyville Reservoir Shaft excavation began October 28, 2011 and was excavated to total depth of
350 feet in June 2012. Shaft backfill took place during February to May 2014.

The JT-127 monitoring well is screened at the base of the Edwards Formation near the contact
with the underlying Walnut Formation. On February 10, 2012, just after excavation through the
bottom of the Comanche Peak Member of the Edwards Formation, the water level in JT-127
dropped 56.5 feet over a 24-hour period. Water levels had been at an elevation of about 878 feet
MSL (Figure 2), and dropped to about elevation 821.5 feet MSL. The water-level history for well
JT-127 is shown in Figure 11 of Attachment 1 (Assessment of Groundwater Elevation Drawdown
and Recovery Resulting from Jollyville Transmission Main and Shaft Construction). Geologically,
the Comanche Peak interfingers within the Edwards at the JT-127 location to create two separate
intervals of Edwards Limestone. The Comanche Peak Member generally has low permeability,
acts as a flow barrier, and creates confined groundwater conditions in the lower Edwards
Formation. The Jollyville Reservoir Shaft excavation released pressure in the lower confined
Edwards and caused a drop in the local groundwater potentiometric surface. This water-level
drop also resulted in water contained in the well casing above the well screen to move downward
and likely impact water samples obtained from subsequent sampling events.

The tritium age-dating study identified a mixture of pre-modern and modern waters for a water
sample taken from JT-127 on August 2, 2012 (see Section 2.5). The presence of modern water in
groundwater sampled at the depth of the well JT-127 screened interval is not expected, given the
location of the screened interval, which is below the Comanche Peak Member. Analysis results
for the groundwater sample taken from JT-127 for age-dating showed a tritium content of
1.55 TU, indicating that about half of the water sample was from water introduced during drilling
and well installation. Therefore, the monitoring data from groundwater samples from JT-127 very
likely represents a mixture of native water and residual water from drilling and well completion.

Well JT-127 was equipped with a dedicated bladder sampling pump deployed in the upper part
of the screened interval. Samples were collected from well JT-127 for water quality analyses 30
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times between July 2011 and June 2014, with the majority of samples collected on a weekly basis
during shaft excavation through the Edwards Formation. A low-flow sampling method was
utilized. The groundwater chemistry data from water quality analyses of samples from JT-127 are
shown in Figure 10 for the monitoring period. Specific conductance ranged from about 600 to
940 uS/cm.

Groundwater from well JT-127 showed a shift in water quality parameters for specific
conductance, alkalinity, TSS, calcium, chloride, magnesium, sulfate, and nitrate at about the end
of 2011 (Figure 10). Because groundwater flowed continuously into the shaft during the period
in which groundwater chemistry shifted and was not allowed to pool within the shaft and create
a positive head that would result in water outflow from the shaft into the formation, it is very
likely that the observed groundwater chemistry change was not associated with shaft
construction activities. Observed changes in groundwater chemistry are most likely due to a
change in source water from the water column in the well and sampling a mixture of this source
water with water from drilling and well installation. Greater variability in water quality parameter
values occurred for the remainder of the sampling events through July 2014.

In summary, water quality data from well JT-127 indicate no groundwater chemistry changes
attributable to the Jollyville Reservoir Shaft construction.

3.2 Monitored Spring Sites

Four springs (Lanier, Pit, Ribelin, and Tanglewood) were monitored for water quality as part of
the Environmental Monitoring Program (Figure 4 and Table 2). In addition, Gaas Spring was
monitored for the presence of di-n-butyl phthalate after hydrophobic grouting at Four Points
Shaft. Results are discussed below.

Gaas Spring

The Four Points Shaft is upgradient of several Bull Creek headwater springs north and east from
the shaft site (Figures 1 and 4). The closest springs, 1,500 to 2,000 feet away, discharge from the
Edwards near its contact with the Walnut Formation. Gaas Spring (closest spring to Four Points
Shaft) was sampled for the potential for transport of di-n-butyl phthalate from grout used at the
Four Points Shaft.

The grout injection was performed on January 27, 2012. Monitoring for impacts of the grout was
conducted at JT-112 and Gaas Spring. Sampling for phthalates (grout additive) began prior to
grout injection to establish baseline conditions. Laboratory analytical results for water samples
from Gaas Spring reported phthalate concentrations less than the laboratory detection level of
0.002 mg/L and confirmed that the grout additive did not transport to the spring discharge.

Gaas Spring was sampled six times for general water quality analyses (January — April 2012) and
19 times for specific conductance (January 2011 and May 2014). The groundwater chemistry data
from water quality analyses of samples from Gaas Spring are shown in Figure 11 for the
monitoring period. Specific conductance ranged from about 630 to 750 uS/cm, with an overall
gently rising trend through the monitoring period. A single spike in TSS occurred in March 2012
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and may have resulted from disturbed conditions during sampling as no other water quality
parameters showed unusual concentrations for this sampling event.

Water quality data from Gaas Spring indicate no groundwater chemistry changes attributable to
Four Points Shaft construction.

Lanier Spring

A weir was installed at Lanier Spring (Figure 4) to provide a means to measure water depth (as
an indicator of magnitude of spring flow). An AquaTROLL 200 sonde with continuous
measurement of water levels and specific conductance was located at the Lanier Spring site
during the monitoring period from July 2011 to June 2015 (Figure 12). This monitoring period
spans tunnel excavation in the vicinity of the spring, including January 20, 2013, when excavation
passed beneath the spring. Observed changes in Lanier Spring water levels are generally
correlated with rainfall events. The data indicate no spring flow decline associated with tunnel
excavation. The upper range of the specific conductance data at about 600 uS/cm shown in
Figure 12 is consistent with the measured value from a water sample taken on April 17, 2012;
however, the specific conductance data for parts of the monitoring period shows considerable
noise and may not be representative.

Spring discharge was sampled for chemical analysis a single time on April 17, 2012 with results
as follows: alkalinity — 279 mg/L (as CaCOs), turbidity — 0.6 Nephelometric Turbidity Units (NTU),
calcium — 109 mg/L, chloride — 17.6 mg/L, specific conductance — 600 uS/cm, magnesium —
15.6 mg/L, potassium - 0.499 mg/L, sodium — 9.35 mg/|, and sulfate — 21.2 mg/L. Because the
spring was only sampled once, it was impractical to prepare a plot for this site.

The spring flow and water chemistry data indicate no flow changes or water quality impacts at
Lanier Spring from construction of the Jollyville Transmission Main tunnel.

Pit Spring

Twice-weekly visual observations of Pit Spring flow (no measurements) performed just after
tunnel excavation in this area occurred in February-March 2013 indicated that the spring was a
little higher in flow than before the tunnel excavation reached the area, and continued to show
low or average flow thereafter. These visual observations of Pit Spring flow are supported by
water elevation data (Figure 13) from an AquaTROLL 200 sonde installed in Bull Creek where
Tributary 7 enters (BCT7 site). This location is just downstream from Pit Spring and serves as a
proxy for Pit Spring flow. Pit Spring typically has minimal or no flow during the summer months;
however, rainfall in 2013 was high compared to previous years. The slightly higher spring flow is
attributed to the periodic rainfall events. These rainfall events are also correlated with periodic
drops in conductivity (Figure 13) monitored with the AquaTROLL 200 sonde.

Spring discharge was sampled on April 17 and May 1, 2012, with results as follows: alkalinity —
252 and 247 mg/L (as CaCOs), turbidity — 1.0 and 12.1 NTU, calcium — 95 and 92.8 mg/L, chloride
—16.7 and 14.2 mg/L, specific conductance — 544 and 542 uS/cm, magnesium —15.1 and 12 mg/L,
potassium —0.595 and 0.52 mg/L, sodium —8.38 and 7.78 mg/L, and sulfate—19.9 and 16.5 mg/L.
Because the spring was only sampled twice, it was impractical to prepare a plot for this site.
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Spring flow and water chemistry data indicate no flow changes or water quality impacts at Pit
Spring attributed to the excavation of the Jollyville Transmission Main tunnel.

Tanglewood Spring

Tanglewood Spring discharges from the Edwards Formation near the eastern end of the Jollyville
Transmission Main (Figure 4). Tanglewood Spring was identified in the monitoring plan as a
reference site because it is separated from tunnel depth in the Glen Rose Formation by the low-
permeability Walnut Formation. A watershed divide separates the spring from the Jollyville
Reservoir Shaft site.

The spring was sampled 37 times, with results shown in Figure 14. Specific conductance ranged
from about 640 to 1,100 puS/cm. The lowest value of 640 uS/cm was measured after rainfall
eventsin July 2012. In general, constituent concentrations were greater than at other monitored
well, spring or surface water sites. This water chemistry may reflect impacts from upgradient
residential areas. Nitrate values ranged from 1.4 to 5.9 mg/L and were the largest for the sites
monitored. They may reflect residential impacts such as lawn fertilization.

There were no water quality impacts expected or observed at Tanglewood Spring from
excavation of the JTM tunnel.

Ribelin Spring

Ribelin Spring discharges from the Edwards Formation in the watershed of a tributary to Bull
Creek (Figure 4). Ribelin Spring was identified in the monitoring plan as a reference site. It is
located within the Balcones Canyonlands Preserve with about a 3,200-foot offset from the JTM
tunnel. Ribelin Spring was sampled 23 times, with results shown in Figure 15. Specific
conductance ranged from about 530 to 650 uS/cm. In general, constituent concentrations
showed little variability. Nitrate showed the greatest variability, ranging from about 0.24 to
0.80 mg/L, but is expected to be from natural local causes.

There were no water quality impacts expected or observed at Ribelin from construction of the
JTM tunnel.

3.3 Monitored Surface Water Sites

The Environmental Monitoring Program included water quality monitoring at five surface water
sites (Figure 5 and Table 2). The results are discussed in the following sections.

Bull Creek BCAW Site

The BCAW surface water monitoring site is located in Bull Creek drainage about 7,200 feet
northeast and downgradient of the Four Points Shaft (Figure 5). Water at the BCAW site receives
runoff from upgradient Edwards and Walnut Formations. This site was selected to monitor for
water quality impacts from a possible spill at the Four Points Shaft construction site. Although a
water spill occurred at the Four Points site in the spring of 2013, no samples were taken from the
BCAW site because it was dry (no surface water present).
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The Bull Creek BCAW site was sampled 10 times from December 2011 to May 2012, with results
shown in Figure 16. Specific conductance ranged from about 580 to 610 uS/cm. In general,
constituent concentrations showed little variability. Chloride, sulfate, and nitrate exhibited a
declining trend during the sampling period.

Water chemistry data for the period of record in 2011-2012 indicate no water quality impacts at
the BCAW site from Four Points Shaft and JTM tunnel construction.

Bull Creek at Tributary 7 (BCT7) Site

An AquaTROLL 200 sonde with continuous measurement of water levels and specific
conductance was located at the BCT7 site during the monitoring period from July 2011 to March
2015 (Figure 13). Episodic increases in water level and drops in conductivity measured at BCT7
are correlated with rainfall events. (Figure 13). Because of the depth of the JTM tunnel below the
creek (~130 feet), the presence of atmospheric conditions in the excavated tunnel, and the lack
of inflows to the tunnel, it is concluded that the tunnel excavation had no impact on water flows
or water chemistry in Bull Creek at the BCT7 site.

Bull Creek at 7t" Crossing (BC7C) Site

A TROLL pressure transducer was installed at the BC7C site capable of measuring water levels in
the creek during the monitoring period from November 2011 to June 2015 (Figure 17). Episodic
increases in water levels measured at BC7C are correlated with rainfall events (Figure 17). The
depth of the JTM tunnel below the creek (~105 to 110 feet), the offset from tunnel location, the
lack of inflows to the tunnel, and the observed water depth (or flow) correlation to rainfall events,
indicate that the tunnel construction had no impact on water flows monitored in Bull Creek at
the BC7C site.

Tributary 4 Sites

Three sites were monitored on Tributary 4 that flows into Bull Creek about 1,000 feet
downstream from the Spicewood Shaft: Tributary 4 downstream from Spicewood Shaft (T4DS),
Tributary 4 upstream from Spicewood Shaft (T4US) chosen as a reference site, and Tributary 4
above Spicewood Springs Road (T4AR). T4US was phased out in June 2012 and replaced by T4AR
to capture upstream conditions more accurately after T4US was judged to be located in an area
that could possibly be impacted by shaft site construction. While T4AR replaced T4US in June
2012, three readings were taken at both sites from May-July to correlate flow readings between
the two sites.

The Tributary 4 downstream site (T4DS) and upstream sites (T4US and T4AR) generally
maintained flow consistent with effects of rainfall events (Figure 18). There was no significant
difference in flow observed between upstream and downstream sites prior to excavation of the
shaft through the geologic layer most likely bearing groundwater that fed the tributary on or
around December 1, 2012. Differences between flows at the two sites were also not significant
after shaft construction began. The flow differences between sites upstream and downstream
from the Spicewood Shaft are less than the error of the instrument.
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A single relatively high flow measurement at both sites in March 2013 appears not to be
attributable to rainfall and is not consistent with declining flows on the main stem of Bull Creek
during the same period. As Tributary 4 is downgradient of residential development and is known
to carry some water quality indicators of potable water used to water lawns, it is possible that
the increase in flow comes from either runoff or baseflow derived from increased lawn or nearby
golf course watering during a dry period.

The T4DS, T4US, and T4AR sites on Tributary 4 were sampled for water quality parameters 58,
11, and 48 times respectively, from July 2011 to June 2015. Water quality data for the
downstream site T4DS are shown in Figure 19. Water quality for the upstream site T4US sampled
from July 2011 to June 2012, and the replacement upstream site T4AR, are shown in Figure 20.

A TSS and turbidity spike occurred at T4AR in April 2013 (Figure 20), potentially as a result of an
algal bloom. An improvement in sampling methodology — a longer time for readings to stabilize
and more care in placement of probe — made for lower TSS and turbidity values in 2014, although
the algal bloom recurred. Nitrate concentrations were variable, but generally the same in water
from both upstream and downstream from the Spicewood Shaft. The observed variable nitrate
concentrations are likely indicative of impacts from residential areas that are upgradient from
both sites.

Water quality parameter values generally correlated with changes in stream discharge. Similar
water chemistry was observed for sites upstream and downstream of the Spicewood Shaft and
indicate no observable impacts to Tributary 4 from shaft construction.
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4.0 SUMMARY AND CONCLUSIONS

Environmental monitoring was conducted to determine effects, if any, from construction of the
Jollyville Transmission Main (JTM). The Environmental Monitoring Program included
measurements and data assessments of water levels, flows, and water quality data obtained
prior, during, and after excavation of shafts and tunnels, and the grouting of the tunnels and
backfilling of the shafts.

The evaluation of groundwater levels observed at monitoring wells prior to, during, and after
construction of the shafts and transmission main is addressed in a separate report titled
Assessment of Groundwater Elevation Drawdown and Recovery Resulting from Jollyville
Transmission Main and Shaft Construction (INTERA, 2016) (included as Attachment 1). The
evaluation presented herein of environmental monitoring is primarily focused on the
presentation and evaluation of the water quality component of the monitoring program.

Environmental monitoring occurred in three phases: baseline from October 2010 to September
2011, construction from October 2011 to August 2014 and post-construction from September
2014 to October 2015. Samples for water quality analyses were collected beginning in July 2011
and ending in June 2015. Because no water quality impacts were observed at any of the sampling
sites during the construction period from October 2011 to August 2014, water quality sampling
in the post-construction period was limited to only surface water sites in the proximity of the
Spicewood Shaft. The extended monitoring schedule at this location was based on it being the
last shaft to be completely backfilled and its location adjacent to known Jollyville Plateau
Salamander habitat.

Because water depth in the shafts during shaft excavation was minimized to allow operation of
the mechanical excavators, hydraulic gradients and groundwater flows were directed inward to
the shafts, thus preventing egress of construction related contaminants from the shafts into
surrounding groundwater. Groundwater flows into the transmission main tunnel were minor,
ranging from drips at one location beneath the WTP4 site to generally below detection. Because
water pressure at the excavated tunnel wall was at atmospheric conditions and low compared to
pressure in the surrounding groundwater, gradients were towards the tunnel, thus also
minimizing potential contaminant egress during excavation, pipe installation and grouting.

The water quality monitoring results were presented and evaluated for well, spring, and surface
water sites. Continuous measurements of electrical conductivity from an AquaTROLL 200 were
available for periods of time at one spring and one surface water site. Plots of water quality
results for water samples from the monitoring sites were presented in a format with four panels
on each time-series plot:

1. Alkalinity and specific conductance;

2. Total suspended solids (TSS) and turbidity;
3. Chloride, calcium, magnesium, sulphate, and sodium; and

4. Chromium, copper, zinc, phosphorus, ammonia, and nitrate.
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The time period presented in the plots is from October 2010 to October 2015 with the baseline,
construction, and post-construction phases displayed at the top of the plot. Key construction
events of interest are also displayed as gray bars or dashed and annotated vertical lines on the
plots.

Data from the Environmental Monitoring Program demonstrated no changes in surface water,
spring, or groundwater chemistry attributable to JTM shaft or tunnel construction.
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Figure 14
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Figure 15
Water chemistry for Ribelin Spring site %I
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Figure 16
Surface water chemistry for Bull Creek %I
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Figure 19
Surface water chemistry for Tributary 4 -
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Figure 20
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