


Figure 3.2.8. Percent contribution of the each LULC type to the annual loads of dissolved and
suspended solids, biological and chemical oxygen demand, and E. coli to the Spring Lake and the local
groundwater pool. Re = Residential, Co = Commercial, In = Industrial, Ra = Rangeland, U/O =
Undeveloped/Open, and Tot = Total Watershed Load.
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Figure 3.2.9. Percent contribution of the each LULC type to the annual loads of heavy metals to the
Spring Lake and the local groundwater pool. Re = Residential, Co = Commercial, In = Industrial, Ra =
Rangeland, U/O = Undeveloped/Open, and Tot = Total Watershed Load.

Residential land use, which accounts for 4.5% of the watershed area, was the next highest
contributor to annual loads, accounting for 3 — 10% of the annual load of nutrients to the lake and
the groundwater. However, Residential land use in the Sink Creek watershed was estimated to
contribute a greater proportion of the annual load for BOD (18%) E. coli (23%), Pb (15%), Cu (14%),
and Zn (15%). These higher proportional loadings provide insight to the importance of residential

areas to loadings of some NPS constituents to Spring Lake and the local groundwater.

4.0 SUMMARY AND RECOMMENDATIONS

In this portion of the Spring Lake Project, we estimated the loading of various NPS constituents including

nutrients, heavy metals, and bacteria to Spring Lake and the local groundwater pool from the Sink Creek
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watershed. We also estimated the proportional loading of these NPS constituents from the various
LULC types within the Sink Creek watershed. In general, we found that magnitude of the loads from the
Sink Creek watershed to Spring Lake and the local groundwater from the various LULC types were
largely a function of the proportion of each LULC type within the watershed. However, Residential
areas, while being a relatively small portion of the watershed, had a somewhat greater than expected
contribution to the loads of several NPS constituents. In addition, our findings provide a foundation for
designing and implementing LULC-specific management measures to preserve or improve the current
water quality of Spring Lake and the Upper San Marcos River and to reduce NPS pollutant loads from

future human activities in the watershed.

Results of our modeling and calculation efforts indicate that conversion of one land use type to another
leads to changes in the yields of various NPS constituents from the landscape. When EMCs from the
different land use and land cover types are converted to annual aerial yields (e.g., lbs/acre/year or
cells/100 mL/acre/year) irrespective of the percent cover of the land use type in the Sink Creek
watershed, there is a relatively consistent pattern of increasing loads of NPS constituents with the
presence of human activities. Calculation of an aerial yield on a per acre basis allows for the direct
comparison of the yield of different NPS constituents from one acre of each land use type. In terms of
the NPS annual yield of nutrients, Undeveloped/Open land use has lower TN, TP and TDP yields than
Residential, Commercial and Industrial land use types (Fig. 4.1). In contrast, Cropland generally exhibits
the highest N and P aerial yields of all the LULC types. In addition, annual aerial yields of TSS, BOD, COD,
and E. coli when compared Residential, Commercial and Industrial land use types (Fig. 4.2). Rangeland
exhibits the lowest annual yields of TSS, BOD, and E. coli. Finally, yields of metals (Pb, Cd, Cu, and Zn)
were lowest in Rangeland and Undeveloped/Open land use types (Fig. 4.3). The results of these
calculations indicate that the annual aerial yield of most nutrients, oxygen demanding substances, E.
coli, and metals will increase if an acre is converted from Undeveloped/Open land use to a land use type

that is more intensively utilized by humans.
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Figure 4.1. Annual per acre aerial yield of nutrients from different land use types found in the Sink
Creek watershed. Re = Residential, Co = Commercial, In = Industrial, Ra = Rangeland, and U/O =
Undeveloped/Open.

In the Sink Creek - Spring Lake watershed, the intimate connectivity between surface- and groundwater
is highly likely to make any NPS loading to Sink Creek relevant to the nutrients and water quality
dynamics in Spring Lake. Although NPS loads from human activities such as the presence of faulty septic
systems and fertilizer application can run off into Sink Creek and be exported to Spring Lake via surface
waters, it is highly likely that a substantial portion of the runoff ends up as recharge to the local
groundwater pool. In this study, we assumed that 25% of annual water yield ended up as recharge;
however, this percent contribution is likely higher than this value and changes seasonally with the
hydrodynamic properties of the aquifer. Given the connectivity between the Sink Creek watershed and
the groundwater emerging into Spring Lake, changes in the intensity and composition of LULC practices
in the Sink Creek watershed have the potential to affect water quality in Spring Lake and the Upper San

Marcos River. Subsequent and ongoing data collection efforts of this overall study involve the collection
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of high temporal resolution water quality data from multiple spring openings in Spring Lake, which may

provide information on the responsiveness of springs to localized rainfall and recharge events.
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Figure 4.2. Annual per acre aerial yield of dissolved and suspended solids, biological and chemical
oxygen demand, and E. coli from land use types found in the Sink Creek watershed. Re = Residential,

Co = Commercial, In = Industrial, Ra = Rangeland, and U/O = Undeveloped/Open.
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Figure 4.3. Annual per acre aerial yield of metals from land use types found in the Sink Creek
watershed. Re = Residential, Co = Commercial, In = Industrial, Ra = Rangeland, and U/O =

Undeveloped/Open.

Results of our analyses indicate that the Sink Creek watershed is dominated by Rangeland and
Undeveloped/Open areas and that these areas are the largest contributors to NPS loadings to Spring
Lake and the local groundwater. These findings show that most of the watershed (based upon 2006
NLCD data) is relatively undisturbed by human activities and that potential future management
measures should take this into account. Our estimates of annual aerial yields also indicate that
conversion of land use from Rangeland and Undeveloped/Open to other more intensively-occupied land
use types will lead to larger exports in many NPS constituents to Sink Creek and the groundwater pool.
Specifically, future management measures could obtain conservation easements in areas and to

preserve areas which are currently classified as Undeveloped/Open. Indeed, we suggest that future NPS
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management efforts should strongly consider these land conservation efforts as a part of their overall

waters quality management plans.

Rangeland in the Sink Creek watershed is an important LULC type both in terms of its percent coverage
in the watershed and its percent contribution to the annual NPS loads. It is important to note that in
this analysis the literature-based EMCs for various NPS constituents for Rangeland were relatively low
(Table 3.1.1), especially for most nutrients, BOD, and E. coli. This result highlights some of the
consequences of assumptions made during modeling efforts such as this report. Cattle and livestock
practices can potentially have large effects on nutrient loading and water quality; however, the
magnitude of these effects are likely a function of the density of livestock in an area and the specific
management practices involved with the livestock operation. In the Sink Creek watershed, there are no
concentrated animal feeding operations (CAFOs) and cattle densities are relatively low (~1 cow/25
acres), thus the lower EMCs for Rangeland used by this study are likely to be reflective of conditions in
the watershed. In addition, the actual loadings from Rangeland activities are likely to be dependent
upon specific management practices within the watershed, such the timing and duration of grazing in

locations, cattle access to the stream bed and/or the riparian zone.

Our results also highlight that Residential area within the Sink Creek watershed, although a small
percentage of the watershed area can have a substantial contribution to the loading of some NPS
constituents, such as BOD, E. coli, and some heavy metals. Given that residential areas within the
watershed are dominated by septic systems, wastewater and stormwater management measures are
likely to be important in order to reduce the loads coming from Residential -dominated areas. Indeed,
calculation of the per acre aerial yield of NPS constituents indicates that Residential land use has higher
per acre yields in some nutrient forms, BOD and COD, E. coli, and metals than Rangeland and
Undeveloped/Open land uses. Future development within the watershed is likely to be a conversion of
Undeveloped or Rangeland to Residential area; thus, our results clearly suggest that stakeholders need
to plan management measures accordingly if areas are converted to Residential land use. In particular,
the Windmere Ranch Development has a high likelihood of impacting water quality in the lake and the
upper river because it will be located along Sink Creek near Spring Lake and will be positioned
downstream from the farthest downstream flood retention structure. It is recommended that future
development activities should be carefully examined and best management practices (BMPs) should be

applied to maintain water quality.
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Based upon these findings, we generated a map indicating several areas within Sink Creek — Spring Lake
watershed which should be considered for maintaining or improving current and future water quality of
Spring Lake and the Upper San Marcos River (Figure 4.4). Within the figure, several areas are
highlighted to illustrate issues related to the current and future NPS loadings. Area 1 is largely a
residential area that sits within San Marcos city limits. Residents use city sewer systems so septic
loading is not much of a concern; however, there is substantial impervious cover and management of
application of lawn materials, pet waste management, and stormwater runoff should be a priority. Area
2 on the map is relatively low density residential area located along Lime Kiln and Hilliard area. These
residents are on septic systems and often have several trailer homes on a single lot. Management
measures associated with septic systems, application of materials to lawns, and pet waste are of
concern. Area 3 is again largely residential and contains a mix of high- and low-density housing. Like
Area 1, lawn materials, pet waste management, and stormwater runoff should be a priority
management issues. The final area, Area 4, is located in the western portion of the watershed and
contains relatively large houses on large (>2 acre) lots. There is a low density of houses and although
issues such as septic systems, application of materials to lawns, and pet waste are of concern, this

portion of the watershed is likely to be the area of lowest priority.

Figure 4.0. Highlighted areas within the Spring Lake - Sink Creek watershed which should be
considered for improving or maintaining current and future water quality in Spring Lake and the
Upper San Marcos River. Detailed explanation of the different areas indicated by the coloring and
numbers is provided in the report text.

Preservation of water quality and quantity in Spring Lake and the Upper San Marcos River requires an

integrated management plan that incorporates both surface- and groundwater, spans agency

jurisdictions, allows for stakeholder involvement, and maintains the sometimes difficult balance
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between natural resource management and economic development. Future portions of the Spring Lake
Watershed Characterization and Recommendations Project, including the periodic collection of water
guality data and the determination of NPS loads associated with storm events from the Sink Creek
watershed will play a vital role in initiating the generation of such a management plan. These loading
estimates also provide an foundation for the future WPP for the entire Upper San Marcos River

watershed.
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