





























1993 Barton Creek Algae Bloom
Assessment Report

Investigations of Sources

Due to the above described complexities of nutrient dynamics in the creek system,
the water quality data alone are not sufficient to determine the precise source that
originated the algae bloom. However, the physical evidence collected at the time of
the April 20 water quality survey strongly indicates that the origin of the large algae
bloom was a discharge from the tributary BCP-A which drains portions of the Fazio
Golf Course. The observed heavy algae growth - bank-to-bank, 95% coverage of
Cladophora strands up to 2 meters in length- clearly began at the mouth of this
tributary and persisted beyond the Lost Creek Boulevard bridge. Immediately above
the tributary algae growth in Barton Creek was minimal. This tributary is the
farthest upstream discharge in the vicinity of the large algae bloom in which both
essential nutrients were significantly elevated. Other potentially controlling factors
for algal growth such as light availability, flow, and temperature, did not differ
significantly from the reach upstream of the bloom.

It is not possible after the fact to determine if a single source of the nutrients in the
discharge from tributary BCP-A had indeed caused the bloom. The accidental
overflow of effluent-containing water, nutrient-rich runoff from the fertilized
course into the tributary, or potentially a chronic leak from the eutrophied
landscape pond which overflowed into the tributary - all could have contributed to
the observed conditions. (Tim Jones of Earth First! has video footage which shows
a pattern of algae growth in the vicinity of the pond indicating that the pond may
have been chronically leaking.) However, at the same approximate time period in
1992, samples collected from tributary BCP-A by ECSD staff revealed concentrations
of 0.01 mg/L ammonia, 1.2 mg/L nitrate, and 0.09 mg/L orthophosphorus. While
these instream concentrations are significantly higher than the observed
concentrations in 1993, an algae bloom did not occur that year in the vicinity of the
BCP-A confluence. It did originate downstream adjacent to Lost Creek property.
This evidence suggests that the pond overflow which occurred in February actually
triggered the 1993 bloom, and the enriched flows measured in the April 20 survey
were serving to maintain the bloom.

The high nutrient concentrations discharged at BCP-B, BCP-C, LC-A, and BCP-D
tributaries all evidently contributed further to the maintenance of the algae bloom.
Neither the data nor the observations can rule out the possibility that, in the absence
of the bloom originating at BCP-A, a bloom episode would have occurred anyway
further downstream in the same area in which the bloom occurred last year due to
the cumulative impacts of elevated concentrations in tributary discharges draining

from both the Lost Creek golf course and subdivision (LC-A) and the Crenshaw golf
course (BCP-D).

Aftermath of the Bloom

Immediately after the discovery of the Barton Creek bloom, remediation was
instituted in the affected creek segment. Although entirely appropriate under the
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term of their zero-discharge permit, clean-up efforts of the nuisance algae biomass
conducted by Barton Creek Properties in April made it impossible for ECSD staff to
track the natural persistence or demise of the bloom. Massive amounts of the long
strands of Cladophora were raked off the rocks and removed from the site. Such
practices cannot physically remove the millions of algal holdfasts, where the plants
actually attach to the rocks and regrowth can reoccur. ECSD staff observed some
limited regrowth of the algae from the rocks in the vicinity in subsequent field
visits, but nothing approaching the scale of the original bloom.

Repercussions of the eventual demise and decomposition of the remaining algal
mass were observable from two perspectives. First, in the month following the
bloom, ammonia levels in the creek downstream of the bloom were significantly
elevated. Typically, ammonia levels in the mainstem of Barton Creek range from
undetectable to approximately 0.03 mg/L; however, on May 28, 1993, ammonia
concentrations were 0.06 mg/L in the vicinity of the tributary BCP-A confluence
increasing to 0.15 mg/L at Lost Creek. These concentrations probably reflect the high
levels of ammonia which are produced as algae begins to die, release stored
nutrients, and decompose. Eventually this ammonia will undergo bioconversion to
form the more stable nitrate form of nitrogen. Both forms are bioavailable, and
could contribute to additional onset of algae blooms downstream. This boom-bust
pattern of nutrient enrichment, rapid algae growth, algae die-off, and release of
nutrients further downstream is known as "nutrient spiraling". The phenomenon
‘accounts for the increased nutrient concentrations and pronounced algal growth
that may occur in flowing waters at great distances from suspected pollutant sources.

The other major impact of the bloom demise observed by ECSD staff is the heavy
accumulation of anaerobic sediments occurring in the vicinity of the bloom and
extending downstream in quiescent areas well beyond the Lost Creek area. The
woolly strands of Cladophora naturally filter out silt and suspended solids from the
creek flow and allow deposits of fine material to form. In the months since the
bloom, much of the remaining and regrown algae has died, some has floated
downstream, and the creek has begun to dry up. Many areas where the bloom
occurred are now characterized by sediments 2-3 inches deep over the limestone
substrate. Decomposing algae are trapped in the soft ooze of the sediment it
previously captured. The anaerobic nature of these sediments is obvious from the
black color immediately below the surface and the distinctive rotten egg odor of
hydrogen sulfide when disturbed. Such accumulations severely degrade the
recreational value of the creek as well as habitat value for aquatic life.

Additional Investigations

1)  Although nutrient concentrations in the Hebbingston Hollow tributary
discharge were not elevated on April 20, additional water quality surveys were
conducted up this watershed in late April and early May to look for the source
of the 0.6 mile algae bloom observed in Barton Creek immediately downstream
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of this discharge. Baseflow and wet-weather samples were collected from the
sites in the east arm of the hollow, downstream of the Barton Creek
Elementary School water quality pond, and in the west arm downstream of a
small ranching enterprise ( in which approximately 12 horses are pastured and
ducks and chickens are raised), as well as from below the confluence of the two
arms to the creek.

The data indicated that during wet weather flows, both arms were contributing
nutrient enriched discharges to the creek. However, in the east fork (where the
livestock are confined), measured concentrations of ammonia, nitrate, and
orthophosphorus were 1.6 mg/L, 2.0 mg/L, and >2.5 mg/L, respectively;
whereas measured concentrations on the west fork were 0.2 mg/L, 0.6 mg/L,
and 0.01 mg/L respectively. It appears then, that the bloom probably originated
during wet weather flows with elevated nutrient concentrations from both
forks, those of the east fork being significantly higher. Because comparative
flow data is not available for the two forks, the relative importance of the two
load sources to the established bloom cannot be determined. No malfunction
of the water quality pond was identified during a site visit to the feature.
Ranching activities are unregulated by our current ordinances in the Barton
Creek watershed, but additional investigations in the tributary are planned for
the future to track the persistence of this bloom.

Although the nutrient concentrations in the tributary discharge from BCP-B
(the spring-dominated tributary which drains a portion of the Fazio course)
were not significantly elevated during the April 20 survey, in past surveys,
ECSD staff have detected elevated concentrations of nutrients in both the
spring flow and in the tributary flow upstream of the spring. In 1990, samples
collected from the spring and tributary in response to citizen complaints about
turbidity and algae in the adjacent stretch of Barton Creek showed nitrate
values of 1.82 mg/L and 0.32 mg/L respectively, and orthophosphorus values
of less than 0.01 mg/L and 0.07 mg/L respectively. The memorandum written
by City staff at the time of the investigation said that "1.82 mg/] nitrate in the

spring is a value that would be expected if effluent is partially the source of
water".

In 1992, samples were collected from the same tributary both below and above
the spring and from the spring itself (again, in response to citizen complaints
about "green, murky water”). This data showed that, although nutrient
concentrations were normal from the spring itself, the surface runoff flowing
from above the springhead had nutrient concentrations of 0.25 mg/L

ammonia, 1.1 mg/L nitrate, and greater than 0.8 mg/L orthophosphorus. The
resultant discharge into the creek had decreased slightly to 0.11 mg/L ammonia,
1.0 mg/L nitrate, and 0.39 mg/L orthophosphorus. This combination of
nutrients could easily have resulted in the observed eutrophic conditions and
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is particularly high in orthophosphorus. At the time, Barton Creek Properties
indicated they were having trouble with an irrigation supply water line in the
area, but the precise source of the observed flows was not identified.

Algae monitoring conducted by ECSD staff since 1990 has shown that even
under non-bloom conditions, filamentous Cladophora and Spirogyra growth is
significantly more abundant in the area between the BCP golf course and Lost
Creek subdivision and golf course than in any other surveyed site from the
headwaters to the recharge zone. (Spirogyra is a filamentous green algae which
is macrophytic, grows in long strands, and is perceived as visually unaesthetic.
Growth rates of both species respond very rapidly to nutrient enrichment.)

Exhibit 3 shows the average percent of the surface area of the creek which was
covered by filamentous algae at nine study sites (see locations on Exhibit 4)
sampled quarterly from November 1990 until August 1993. The site adjacent to
BCP is #7, the Leif Johnson site. The variation in algal growth and abundance
is more apparent than the measurable variation in nutrient concentrations
from samples collected from the same sites at the time of the algal cover
measurements. (See Exhibit 5). This demonstrates that algae growth responds
to very subtle or very ephemeral changes in water quality conditions, which are
difficult to detect with standard chemical water quality monitoring.

This summer, ECSD initiated a comprehensive Bioassessment Project in
Barton Creek to focus specifically on the impacts of nonpoint source pollution
on the biological components of the creek. The proposal for a bioassessment
study of both Barton Creek and Onion Creek (the Onion Creek portion of the
study will begin later in the year) was submitted by ECSD to the Lower Colorado
River Authority (LCRA) who is administering the State's Senate Bill 818 Clean
Rivers program funding, and jointly selected for funding by LCRA and TWC at
the level of $309,000. The study is focusing specifically on impacts of nonpoint
source pollution to algae growth and the aquatic invertebrate community, both
of which are excellent indicators of the health of a creek. The grant will
provide ECSD with the additional staff and other resources needed to closely
monitor these facets of Barton Creek from the area of the Uplands to below Lost
Creek. Monitoring sites were selected and sampling protocols were developed
earlier this summer; actual monitoring has now begun. The first phase of the
study will be completed by August of 1995.
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Exhibit 3
Percent Cover of Green Filamentous Algae in Barton Creek Nov 90 - Aug 93
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Discussion

Three effluent-irrigated golf courses and a high-density residential development
(built before stringent water quality controls were required) drain into the short
stretch of Barton Creek which experienced the 1993 Cladophora bloom. This 2.7
mile area remains "at-risk" for future algae blooms, as does the creek for several
miles downstream, due to this relatively high level of development, and activities
dependent upon heavy nutrient applications to the landscape. It appears that the
Barton Creek system is highly responsive to the stimulation of nutrient pulses from
natural sources or intermittent discharges resulting from the variety of potential
failures - mechanical and human - which are associated with effluent irrigation.

Assuming the Freeport McMoRan/City of Austin agreement is successfully
concluded, the elimination of effluent irrigation from the golf courses could still be
as much as 6 years away (through extension of the City's interceptor sewer system.)
Moreover, the local aquatic system will not necessarily be free of future nutrient
enrichment problems if enhanced supplemental fertilizer application simply
replaces effluent irrigation. The following courses of action are recommended to

aid in further identifying specific problems and to mitigate the impact of known
problems:

1) The wastewater effluent irrigation permits for the Lost Creek and the BCP golf
courses should be reviewed by TWC for their suitability in the Barton Creek
watershed in light of our present state-of-knowledge regarding the sensitivity
of the system. The City should participate in that process to ensure that the
nondegradation goal for this watershed is not compromised. The nutrient
reduction programs for these golf courses could be developed cooperatively
prior to final TWC review of the permits.

2) A full review of landscape practices and irrigation procedures should be
included both in the permit review process and by the City since maintenance-
related accidents (such as the February 1993 pond overflow) and mechanical
failures (such as breaks in effluent supply lines or other irrigation-related
malfunctions) have been the perceived sources of problems in the past.

3) Cooperative water quality investigations between BCP and the City of Austin
should be initiated. The City cannot conduct in-depth and comprehensive
water quality sampling efforts without the full cooperation and assistance from
BCP. Specifically needed are:

a) Studies of flow and nutrient contributions from wet-weather runoff from
golf course areas. Almost all the currently available date was collected
during dry weather, baseflow conditions.

b) Shallow groundwater investigations in which nutrient concentrations are
measured during both dry weather and wet weather conditions to
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determine if effluent irrigation is elevating nutrient concentrations in
local groundwater. This pollutant source to the creek may be particularly
significant since evidence suggests that irrigation on the courses has
enhanced springflow in the area. (For example, the spring at BCP-B only
flowed during wet weather before the course was built; it now appears to
flow year-round.)

Opportunities to retrofit existing golf courses to ensure that they are truly fail-
safe, no-discharge systems should be carefully evaluated. Water distribution
features whose failures could result in rapid runoff of nutrient-rich water to
Barton Creek tributaries should be relocated, or any potential drainage
pathways from the features should be rerouted away from tributaries. These
modifications should include any effluent-containing ponds or water features
which have a tendency to become eutrophied. There have not been any
documented problems in areas in which runoff from the golf course flows
overland through vegetated buffer zones rather than to tributaries where
nutrient-rich runoff concentrates and flows quickly to the creek.:

In addition to golf course-related enrichment, tributaries such as LC-A (see
Exhibit 1) also drain large areas of existing high density residential property.
These urban runoff discharges are typically high in nutrients, but also appear to
be contributing large loads of fine-grained silt, which contribute to the
anaerobic sediment accumulations in the creek. Further investigations are
needed to determine the relative contributions of the residential development
versus the golf course, and to determine whether there are retrofitting
possibilities to improve the quality of runoff from these types of developed
areas. These subwatersheds could become a high priority for the Non-urban
Watersheds Retrofitting Program; however, retrofitting outside the City limits
may require additional City authority or intergovernmental agreements.

In summary, a review of the ECSD data and of the events of the past several years
suggests that very slight or transient perturbations in the nutrient balance in Barton
Creek flows may result in continued and increasing incidents of algae blooms. The
recommendations listed in this report, as well as any and all other BMPs (best
management practices) that serve to reduce nutrients in runoff to Barton Creek,
should be implemented as soon as possible. The full cooperation of property
owners adjacent to the creek and the full energies of the City of Austin will be

necessary if annual algae blooms are to be avoided in the currently degraded reach
and beyond.
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