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EXECUTIVE SUMMARY

Little Cypress Creek and Krause Springs are at a cross-roads as rapid growth in the Austin region intersect a fragile
groundwater-fed ecosystem. The combined effects of increased groundwater pumping, extended droughts, and
climate change influences recharge and springflow from the aquifers and springs of the area. Furthermore, land
fragmentation within the larger Colorado watershed is already evident, altering the habitat and land management
activities. However, the source of water to Krause Springs is poorly understood, and without that knowledge, what
will the future hold for this remarkable Hill Country jewel?

This study represents an opportunity to better understand our creeks and rivers and how they interact with the local
aquifers. Improved understanding of these groundwater and surface water systems can lead to new development
practices and land management strategies that can change the way we use water while sustaining the economic vitality
of the region. The challenge is understanding and communicating potential water crisis, its cost, and strategies of
efficient management and conservation measures that are recognized and accepted by the Hill Country’s residents
and visitors.

The Meadows Center for Water and the Environment’s “How Much Water is in the Hill Country?” research (2015-
2019) series focused on the surface and groundwater resources of the Pedernales and Guadalupe Rivers and the
threats to their continued sustainability by examining water quality and flows across the watershed. These studies
have helped us to better define the primary water sources and potential management and conservation activities
that would protect and enhance the river flow and quality. Additional similar studies are essential in a more in-
depth understanding of the health of the Hill Country watersheds.

The primary question for this study is, what is the source of water for Krause Springs? Based on the data collected
during this study, in addition to work previously performed by others, it appears the basal sands and gravels of the
Cretaceous Sycamore Sand Formation (Ksy) provide the majority of the source water to Krause Springs and support
base flow in Camp Creek a tributary of Little Cypress Creek,. The Sycamore Sand is also known as the Lower
Trinity Aquifer. Accordingly, recharge to the Lower Trinity, and pumping within the springshed directly influences
Krause Springs. The Sycamore Sand overlays the Pennsylvannian Marble Falls Limestone (Cmf), which may also
provide additional water to the Lower Trinity and springs, or simply may act as a local conduit from the Sycamore
(Ksy) and alluvium (Qal) to the creek. Alluvial deposits in Little Cypress Creek to the southwest of the park area
may also be hydraulically connected to the Sycamore Sand (Ksy).

This provides critical data regarding the hydrogeology of Krause Springs and a portion of Little Cypress Creek.
However, to fully characterize the system additional hydrogeologic studies could be performed on the broader
watershed. Suggested next steps include: 1) Geologic characterization including geologic mapping, additional
borings including cuttings and core, and geophysical logging coupled with the collection of cuttings in area wells.
2) Hydrogeologic characterization including: monitor wells (automated recorders) in various aquifer units, weather
stations, and multiple surface flow gauges, surface geophysical surveys, targeted dye tracing along losing (recharge)
reaches of the creek, additional synoptic water level, and streamflow (gain-loss) data, and geochemistry.

Combined, these data should further delineate the source water or springshed area. Ultimately, all this information
could culminate in the development of a conceptual and numerical groundwater flow model.
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INTRODUCTION

The Hill Country is a unique region of Texas where rivers and springs rise out of a complex system of multiple
and overlapping aquifer systems. Over the past several years, the Meadows Center for Water and the Environment
has been working to answer the question — How much water is in the Hill Country? Although this seems like a
straightforward question that merits a straightforward answer, the reality is that the largely hidden and unknown
complexities of Hill Country hydrogeology make it challenging to answer.

The Meadows Center teamed up with the Central Texas Groundwater Conservation District (CTGCD) to direct
this question towards Little Cypress Creek, Krause Springs, and the surrounding aquifers, a small but significant
tributary of the Colorado River that flows into Lake Travis. Multiple aquifers contribute to base flow in Little
Cypress Creek, but there is a lack of research and awareness about the contributing and recharge zones within the
system.

The Little Cypress Creek watershed is currently made up of mostly undeveloped land use with steady spring flows
and good water quality. The goal of this study is to collect data to characterize these types of natural systems and
the interconnectedness between surface and groundwater. Such data are important for water planning, policy, and
the health of Hill Country springs, streams, and rivers.

The focus of this study performed by the Meadows Center and CTGCD was on the stream gains and losses and a
synoptic groundwater (water level) map focused around Krause Springs. The data allows for a better understanding
of Little Cypress Creek’s flow moving downstream and where there are gaining and losing reaches where surface
water recharges the underlying aquifers. The results of this research contribute valuable insight towards strategic
conservation prioritization and sustainable water resource management.

10 WTHE MEADOWS CENTER FOR WATER AND THE ENVIRONMENT
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SCOPE OF STUDY

The study area included Little Cypress Creek north of Highway 71 to the confluence with Lake Travis. The study
consisted of several primary efforts: a literature review, preliminary data analysis of well logs and water quality, GIS
data collection and mapping, water quality sampling and laboratory analysis, a synoptic groundwater level and
streamflow gain and loss event, and interpretation of the data in this report.

METHODS AND DATA

Mapping and Database

GIS is a versatile tool that can be used for a variety of functions, including mapping physical and hydrological
features of a certain area, housing and centralizing multiple forms of environmental data, and performing spatial
and data analysis using various tools offered within the program. The study used the ESRI suite of GIS products,
specifically ArcGIS Pro. Land cover data was collected and analyzed for patterns using National Land Cover
Database (NLCD) raster files, along with shapefiles of watershed and subwatershed boundaries, tributaries and
flowlines from the National Hydrological Database (NHD). A composite geologic map of the watershed created
from Bureau of Economic Geology at the University of Texas at Austin geologic quadrangle maps was added for
analysis of geology. Groundwater quality data was extracted from the Texas Water Development Board online
database and sorted by aquifer in addition to the water quality samples collected and analyzed by Meadows Center
staff and partner laboratories.
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Subsurface Data

The primary area of interest for this study is the area around Krause Springs in the eastern part of the watershed
near the confluence of Little Cypress Creek and Lake Travis. Driller’s logs were retrieved from the Texas Water
Development Board (T'WDB) website to gain insight into area-specific subsurface hydrogeology. There are a limited
number of wells as not all logs were submitted to the state prior to 2002. In addition, individual drillers record
subsurface conditions differently and sometimes inaccurately. In some cases, location coordinates on the logs were
corrected. The TWDB database extents back to 2002, therefore no wells drilled before 2002 are included. There
are few driller’s logs in the area with uneven distribution and very sparse in the area immediately south of the park.
Even though there are limitations, there is data that can be interpreted from the logs. The wells with available
logs from the TWDB are plotted on Figure 8 along with their State Well Report (SWR) number. The SWRs are
included in Appendix B.

An electrical and electromagnetic geophysical survey was performed by Ikard (2019) at the Krause springs park.
The results indicated there may be a deeper vertical flow path, potentially along a fault, supporting the springs. An
apparent shallow flow path following the topographic gradient may also support the flow at the springs.

WATER CHEMISTRY MAPPING AND ANALYSIS

Chemical analysis of surface water and groundwater is used to evaluate water quality, examine human impacts, and
understand water pathways of groundwater to the surface and vice versa. Major ion chemistry is a standard tool used
to decipher hydrogeochemical patterns as well as impacts of human activity (Dunne and Leopold, 1978). Spatial
patterns in water chemistry were evaluated as related to both man-made and natural sources by utilizing spatial
analysis in ArcGIS. The field data points provide spatial locations for the water samples. Surface and groundwater
samples were collected by Meadows Center team and were analyzed for naturally occurring cations and anions
by the Edwards Aquifer Research Data Center (EARDC) Laboratory at Texas State University. Existing water
chemistry, including isotopes, data from Texas Water Development Board (T'WDB) were also evaluated.

DISCHARGE MEASUREMENTS

To determine losing and gain reaches of the creek, four synoptic discharge measurement events were performed.
Based on available landowner access, measurements were made at semi-regular intervals along the length of the
creek with “live” water. Flow measurements were made using a FlowIracker (FT2) handheld Acoustic Doppler
Velocimeter® generally following USGS protocols. River miles from the confluence of Little Cypress Creek and
Lake Travis were determined using GIS techniques. Due to low flows during the synoptic gauging events, discharge
values are expressed as gallons per minute (gpm) as opposed to cfs (1 cfs= approximately 449 gpm).

LAND COVER ANALYSIS

Land cover, particularly developed land use containing impervious cover, septic systems, sewage treatment, and
nonpoint source pollution plays a role in determining water quality, and both storm and base flow. GIS files of basin
land cover data from 2001 and 2016 were obtained from the National Land Cover Database (NLCD) provided by
the Multi-Resolution Land Characteristics (MRLC) Consortium (MRLC 2011). Although the data sets contained
a detailed breakdown of many land cover types, many similar land uses were combined for the purpose of this
report and consolidated into six categories. As stated in the Regional Water Quality Plan (2005), “various published
and unpublished reports and in unpublished data compilations, the City of Austin has indicated that physical and
biological degradation of streams begins to occur at between five and eighteen percent (5-18 percent) impervious
cover”. Analysis of several water chemistry parameters could indicate water chemistry is primarily influenced by
geology and land cover.
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SETTING AND WATERSHED SUMMARY

The Little Cypress Creek watershed, a tributary to the Colorado River basin, is located in Burnet County,
approximately 30 miles west the City of Austin and 14 miles southeast of the City of Marble Falls, TX. US Hwy
71 traverses the watershed from southeast to northwest. The watershed covers an area of 13.55 square miles (8,673
acres). The creek is approximately 8 miles in length and originates in the western part of the watershed, before
coming to a confluence with Lake Travis.

Large ranches occupy most of the watershed. Other land uses include pastureland, vineyards, single family residences
and some commercial development along Hwy 71 at CR 191 and CR 413 in the town of Spicewood (LCRA, 2008).

Krause Springs, a major tourist attraction in Burnet County, TX, is located on a 150-acre piece of property owned
by the Krause family for over 50 years (Brune, 1981). This property contains as many as 32 springs, as well as a man-
made swimming pool and 25 acres of campground. Located near the town of Spicewood, Texas, Krause Springs
is listed on the National Registry of Historical Sites and has served as a recreational destination for central Texas
residents since its founding in 1955 (Krause Springs, 2020).

The surrounding land cover of Krause Springs is primarily undeveloped (National Land Cover Database, 2011).
The 115-acre property containing Krause Springs has sparse recreational development, including campsites, a man-
made swimming pool, parking lots, and a few small structures (Krause Springs, 2020). Under a mile away from
Krause Springs is the town of Spicewood (population 7,666), containing development that ranges from rural to
low-density urban (U.S. Census Staff, 2011) (National Land Cover Database, 2011). Aside from sparse areas of
moderate development, the land surrounding Krause Springs is primarily dominated by scrublands, grasslands, and
small concentrations of deciduous and evergreen forest (National Land Cover Database, 2011).

The Little Cypress Creek Watershed

4y Road 410

¥y I'.‘-,':J_rr

W Krause Springs Campground

—— Tributaries e
=~ Little Cypress Creek 0 05 4 - )
[ watershed Boundary — — 3 Mi NS

Figure 1. Little Cypress Creek
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LAND COVER

GIS files of basin land cover data from 2001 and 2016 were obtained from the National Land Cover Database
(NLCD) provided by the Multi-Resolution Land Characteristics (MRLC) Consortium (MRLC 2016). NLCD is
updated every five years. The surrounding land cover of Krause Springs is primarily undeveloped (National Land
Cover Database, 2011). The 115-acre property containing Krause Springs has sparse recreational development,
including campsites, a man-made swimming pool, parking lots, and a few small structures (Krause Springs, 2020).
Under a mile away from Krause Springs is the town of Spicewood (population 7,666), containing development
that ranges from rural to low-density urban (U.S. Census Staff, 2011) (National Land Cover Database, 2011).
Aside from sparse areas of moderate development, the land surrounding Krause Springs is primarily dominated by
scrublands, grasslands, and small concentrations of deciduous and evergreen forest (National Land Cover Database,
2011). Figures 2 and 3 indicate 2001 and 2016 land cover of the Cypress creek watershed.

Land Cover in the Little Cypress Creek Watershed
2001 R

NLDC Land Cover Classification

M Open Water M Evergreen Forest
Developed, Open Space . Shrub/Scrub
Il Developed, Low Intensity Grassland/Herbaceous t;,»;@ ;
B Developed, Medium Intensity [l Cultivated Crops “"H-u._ﬁ_h_
B Developed, High Intensity Woody Wetlands N hx-""‘*--mm‘
W Deciduous Forest A 0 025 05 —_1Mies
[ R S T el

Figure 2. NLCD Land Cover — 2001
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Land Cover in the Little Cypress Creek Watershed
2016

NLDC Land Cover Classification

B Open Water [ Deciduous Forest
Developed, Open Space M Evergreen Forest
| Developed, Low Intensity Shrub/Scrub

B Developed, Medium Intensity Grassland/Herbaceous
B Developed, High Intensity Woody Wetlands

0 025 05  T—iMies
Barren Land I Emergent Herbaceous Wetlands A '

Figure 3. NLCD Land Cover — 2016
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The land cover data sets from 2001 and 2016 were compared to determine land cover changes over the fifteen-year
period. Although the data sets contained a detailed breakdown of many land cover types, similar land uses were
combined for the purpose of this report and consolidated into a few categories to analyze land use changes. The
watershed was primarily deciduous forest, evergreen forest, shrub/scrub, grasslands and developed in 2001. Table 1
includes a listing of land cover types with a detailed description of each type contained in Appendix A.

In general, there were small changes in land use types between 2001 and 2016. While the six major land cover types
still dominate the watershed in 2016, there was a decline in deciduous forest and grasslands, totaling approximately
323 acres. Shrub and scrub areas increased by 349 acres (Table 1). All of the cultivated land along Hwy 71 has been
replaced by grasslands. In total, there have been land cover changes of approximately 10% between 2001 and 2016.

Table 1. Land Use Change 2001 — 2016

2001 Land Cover 2016 Land Cover Change in Land

Land Cover Type (acres) (acres) Cover (acres)

Open Water
Developed, Open Space 175 185 10
Developed, Low Intensity 41 49 8
Developed, Med. Intensity 20 22 2
Developed, High Intensity 2 6 4
Barren Land 0 16 16
Decid. Forest 1549 1308 -241
Evergreen Forest 2002 2028 26
Mixed Forest 0 28 28
Shrub/Scrub 2507 2825 318
Grassland/Herbaceous 2285 2220 -65
Cultivated Crops 79 0 -79
Woody Wetlands 57 28 -29
Emergent Herbaceous Wetlands 0 1 1
Land Cover 2016 Change in Land Cover Type 2001 - 2016
= Decid. Forest Other [ ]
Developed
S Tt Grassland/Herbaceous --
= Shrub/Serub Evergreen Forest |
Shrub/Serub S —
= Evergreen Forest e 0
Grassland/Herbace Decid. Forast | E—
ous -400 -200 0 200 400

= Developed Change (acres)

Figure 4. Land Cover - 2016 Figure 5. Land Cover Change 2001 - 2016
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CLIMATIC CONDITIONS

Precipitation during the 2020 study period was variable. Monthly precipitation for 2020 is shown on Table 2.
Precipitation was above average (wet conditions) during the first three months of the year, whereas below average
(-3.8”) for the last six months of the year (dry conditions).

Table 2: Precipitation Data, 2020

PRECIPITATION DATA* -2020

Month Actual 30 Year Average Departure From Average
January 1.97 1.75 0.22
February 2.29 2.02 0.27
March 4.01 2.76 1.25
April 2.88 2.09 0.79
May 4.44 748 -3.04
June 4.33 2.67 1.66
July 0.63 1.88 -1.25
August 1.25 2.035 -0.785
September 5.96 2.99 2.97
October 0.35 3.88 -3.53
November 0.73 2.96 -2.23
December 4.07 2.4 1.67
Total 32.91 34.92 -2.005

*Data from Austin Camp Mabry station.
Source: https://w2.weather.gov/climate/index.php ?wfo=ewx
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STUDY RESULTS

GEOLOGY OF THE LITTLE CYPRESS CREEK BASIN

There are several sources of geologic mapping data which include all or parts of the Little Cypress Creek Watershed.
Primary sources used in this study include:

*  Geology of the Spicewood Quadrangle by V. Barnes (Barnes, 1984),

*  Geologic Map of the Upper Lake Travis Area by C. Woodruff and E. Collins (Woodruff and Collins, 2016),
and

*  Hydrogeologic Atlas of Southwest Travis County by B. Hunt and others (Hunt et al., 2020).
Complete citations are included in the reference section of this report.

The surficial geologic units of the Little Cypress Creek watershed range in age from Ordovician to Quaternary,
though most of the watershed is dominated by Lower Cretaceous strata. There is a complex of strata of in the
western part of the watershed consisting of Ordovician, Mississippian, and Pennsylvanian formations, though this
area is not the prime area of interest for this study. Individual units in this area include the Honeycutt formation
(Oh) of the Ellenberger group, Barnett Shale (Cb)(Mississippian), and the Pennsylvanian Marble falls Limestone
(Cmf) (Figure 06).

Geology of the Little Cypress Creek Watershed

Y Krause Springs Campground

—— Little Cypress Creek 0 05 1 2
[ Primary Area of Interest — — 1 Miles A

Figure 6. Geologic Map of the Little Cypress Creek Watershed (after Barnes, 1982)
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The surficial geology is primarily Pennsylvanian and Cretaceous strata. The Pennsylvanian Marble Falls Formation
(Cmf) is a limestone that primarily crops out along the north side of the creek starting at TX Hwy 191 and
extends to the confluence with Lake Travis. It is also found on the southside of the creek just upstream of the park.
The formation dips to the southeast (Figure 9) and is primarily characterized by disarticulated crinoid columnals
(Figure 10). To the south of the creek, the Marble Falls is overlain by the Pennsylvanian Smithwick Formation
(Csw). Hunt (2020) inferred a southwest - northeast trending fault along the southside of the creek that brought the
Marble Falls (Cmf) to be juxtaposed alongside the Smithwick (Csw) (Figure 11). The Marble Falls (Cmf) is highly
fractured just upstream of the park on the south side of the creek (Figure 12).

The Smithwick Shale (Csw) overlies the Marble Falls (Cmf) in the subsurface in the park area (Figure 11) and crops
out along the shore of Lake Travis to the east (LCRA Grelle Recreation Area ). A sandy facies of the Smithwick
(Csw) was identified in this area (Brian Hunt personal communication, 2020).

Figure 10. Photograph of disarticulated crinoid columnals (up to 1/2” diameter) of the Marble Falls Limestone (Cmf)
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Figure 11. Geologic Cross Section (from Hunt et al., 2020)

Figure 12. Fractured Marble Falls Limestone (Cmf) upstream of Krause Springs Park
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Unconformably overlying the Smithwick (Csw) and Marble Falls (IPmf) in the study area is the Cretaceous Trinity
Group. Near the Krause Park, the Sycamore Sand (Ksy) is the surficial unit. The Sycamore (Ksy) may be in contact
with the Marble Falls (Cmf) just west of the park picnic grounds due to the aforementioned fault. The Sycamore
(Ksy) is of variable lithology, though commonly expressed as a well cemented, poorly sorted, pebble to boulder
sized conglomerate (Figures 13a and 13b) composed of Paleozoic and Precambrian rocks (Barnes, 1982). Woodruff
(2016) describes the Sycamore (Ksy) as “mostly conglomerate, local sand lenses deposited on underlying Paleozoic
terrain: up to 50 feet thick”. Based on a review of local driller’s logs, it appears there is an unconsolidated water
bearing sand and gravel component to the Sycamore (Ksy), likely similar to the sand lenses mentioned by Woodruff
(2016). The occurrence of sand and gravel from drillers well logs showing the top elevation and thickness is shown
on Figure 14 and Figure 15 is an isopach map of the unit. The top of the unit ranges in elevation from 752 feet above
msl at Krause Springs Park, to 779 feet above msl to the southwest. Thus, the structural dip of the top of the Ksy
from the Southwest to the Northeast toward the Springs. The sand/gravel unit itself ranges in thickness from 5 feet
to 65 feet. Figure 16 is a geologic cross section showing the thickness of the unit.

Table 3 is an inventory of available SWRs indicating the presence/absence of the sand facies. The lateral extent of
the sand/gravel unit is in part inferred from drilled water wells that did not encounter the unit. Many of these wells
did not produce water and were subsequently plugged as shown on Figure 14. The transition along the margins of
the sand/gravel unit to limestone can be very abrupt as shown on margins o