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Executive Summary

The Arroyo Colorado stretches for 90 miles through the heart of the Lower Rio Grande Valley
(LRGV). It originates near Mission and empties into the Lower Laguna Madre (Lam)of

only three hypesaline lagoons in the world. As the primary source of fresh water to the Laguna
Madre, the lower 25 miles of the Arroyo Colorado is an important estuary andeayniar

many fish and shrimp species.

Originally, a habitatrich stream channel of the Rio Grande, the Arroyo Colorado now serves
many more purposes:
1 Aids in control of flooding and drainage;
1 Carries commercial barge traffic from the Port of Harlingethe Laguna Madre;
1 Receives treated wastewater from municipal plants, stormwater runoff from urban areas
and irrigation return flows;
1 Is a nursery for fish, shrimp, crab and other aquatic species,
Provides sanctuary for birds; and
1 Provides recreation fdamilies and tourists including swimming, fishing, hiking, and
bird and butterfly watching.

=

The Arroyo Colorado watershed encompasses about 420,000 acres and is mostly used for
agricultural production including row crops, sugar cane and citrus fruit;Jesyweapid
urbanization and population growth are quickly transforming the area into an urbanized
metroplex. The transformation of the river and its watershed from its natural state have
contributed to water quality problems that this plan seeks to address

Problem/Need Statement

For assessment purposes, the Arroyo Colorado has been classified by the Texas Commission on
Environmental Quality (TCEQ) into two segments called the tidal (Segment 2201) and the
abovetidal (Segment 2202) segments. Thesesegneent® i ncl uded i n TCEQOS
assessment of Texas streams that occurs every two years. The tidal segment has been included on
Texaso | ist [wodies{ChegnaMaterdc (CWA)tSection 303(d) List) since 1978,

due to periods of low dissad oxygen (DO) levels that occur mostly during the months of May
through October. Low DO levels are not optimal for the support of fish and other aquatic life.
Boththe tidal and abov&dal segments are impaired by high levels of bacteria that exceed the
statebdbs contact recreation standard.

In 2002, the TCEQ completed a total maximum daily load (TMDL) study for the tidal segment
that indicated low DO levels are related as much to the physical setting and geomorphology of
the Arroyo Colorado as it is togHoading of nutrients and oxygelemanding substances from

the watershedlhis study spawned the development of a partnership of local, state, and federal
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stakeholders called the Arroyo Colorado Partnership who were tasked with developing a
communitybasel watershed protection plan (WPP) to improve water quality in the Arroyo
Colorado. Pollution causes and sources were investigated and best management practices
(BMPs) to address them were selected by local stakeholders. Hyead plan was published in
2007.

Watershed stakeholders have achieved great success implementing the plan and many milestones
have been reached. One of the main accomplishments has been significant upgrades to
approximately eight wastewater treatment facilities (WWTFs) and the etionpbf two new
WWTFs discharging to the Arroyo Colorado. Approximately $120 million was spent upgrading
these facilities from outdated, nomechanical, lagoon treatment plants to modern mechanical
plants. The eight facilities have also adopted new Ig@&emit limits for biological oxygen
demand (BOD), total suspended solids (TSS), and ammonia. This has led to a significant
decrease in loading to the Arroyo Colorado from the main sources of continuous flow and a
significant decrease in ammonia concentragihas been observed in stream. Additional
accomplishments include:
1 Adoption of BMPs on 130,000 acres of irrigated cropland;
1 Centralized wastewater service provided to 17,054 residentscioldizias
1 Tertiary wetland treatment ponds constructed at tAW&éTFs to provide enhanced
effluent treatment and wildlife habitat;
1 Construction of a physical watershed model used to educate over 100,000 watershed
residents at 221 education and outreach (E&O) events conducted since 2007,
T AEntering theWaAtreroythe d® | @omr afd@®r ossi ng t he Ar
signs installed at 36 watershed locations;
1 Approximately 8,000 storm drain markers installed throughout the watershed;
1 22 Stormwater Management Plans developed by the Cities, Counti€sxasl
Department bTransportation TxDOT) in the watershed; and
1 9 Low Impact Development/Green Infrastructure demonstration projects completed.

The Partnership has been working to update the WPP. Workgroup meetings, Steering Committee
meetings and individual meetings lvgtakeholders were held to evaluate and make adjustments

to existing management measuaesl determine new measures to address the DO and bacteria
impairments. A Soil and Water Assessment Tool (SWAT) model of the watershed was

developed to better undersththe mechanisms influencing water quality in the Arroyo and to
quantify pollutant load reductions that management measures can produce once implemented.
Results were then used to select measures expected to yield the most water quality benefit for the
least cost. This document is a comprehensive update to the original WPP and was written to
containthEnvi r onment al P ERAX nenentinimoim elefngnés mfovatérshed (

plans which can be found in Appendix B.
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Water Quality Goals

The longterm goalof the WPP is to achieve state water quality standards in the Arroyo
Colorado by lowering pollutant loadings, enhancing streamflow and aeration, and restoring
aguatic and riparian habitat through voluntary measures and existing regulatory controls.
Specifcally, the WPP seeks to ensure the Arroyo Colorado meets an averagarddO
concentration of 4.0 mg/L or above and a daily minimum DO concentration of 3.0 mg/L or
above at least 90% of the time. For bacteria, the WPP seeks to nkeetaigeometriomean

less than 126 cfu/100 mL for the AbeValal segment and an Enterococcus geometric mean less
than 35 cfu/100 mL for the Tidal segment.

Management Recommendations

Recommendations are focused on addressing sources of bacteria, nutrients, and widnaispoll

that adversely affect DO and bacteria concentrations that can be reasonably managed. Measures
were selected primarily from a willingness to adopt perspective, but also because of their
pollutant removal efficiency.

Agriculture and livestock managemt will focus on enhancing operations through voluntary
adoption of 300 new or updated Resource Management Systems (RMS) and Water Quality
Management Plans (WQMPs) by local landowners. On farms, these plans will focus on
mitigating nutrient losses from @perties and on ranches will work to reduce bacteria runoff.

Human wastewater will continue to be addressed through WWTF permit updates and subsequent
system upgrades. The goal is to eliminate all 30 mg/L BOD and 90 mg/L TSS discharge permits
in the wateshed and transition all facilities to 10 mg/L BOD and 15 mg/L TSS treatment levels

by year 2020 and 7 mg/L BOD, 12 mg/L TSS, and 3 mg/L MHBeatment levels by 2027.

Reducing sanitary sewer overflows (SSO) will also reduce the effects of human derived

pol lutants. WWTFs wi |l be encouraged to partic
areas in collection systems where inflow and infiltration (I/) issues routinely occur or aging
infrastructure is a problem. Subsequent repairs in these areas comitimbdmeowner

education regarding I/l issues and problems caused by Fat, Oil, Grease & Grit (FOGG) and
improper sewer cleanout use will reduce the number of incidents where raw sewage spills occur.
Voluntary utilization of enhanced wastewater treatmeojepts will also be encouraged to

further reduce pollutant loading to the stream. These projects can include wastewater reuse for
landscape irrigation, effluent polishing pond systems, ssaalle constructed wetland systems,

and tertiary wastewater treaent using denitrification. Extending wastewater service to colonia
residents and other areas with hagtsite sewage facilitfOSSH densities in the watershed,
developing an OSSF inventory database, inspecting and replacing failing OSSFs, and conducting
OSSF education programs will all improve water quality.
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Habitat preservation and restoration is a primary concern for Arroyo Colorado stakeholders and
efforts to accomplish this will also have positive water quality impacts. Management
recommendations timprove habitat include supporting existing federal, state, and local efforts
to implement terrestrial habitat conservation objectives in the Arroyo Colorado watershed
through partnerships and funding, includprgtection and restoration ekisting ripaian areas,
resacas and freshwater wetlands. Prioritization of filter strips/buffer zones along agricultural
fields adjacent to the Arroyo Colorado will also provide additional habitat.

Urban stormwater related pollutant sources will be addressed thropgmentation of

stormwater management plans developetyicipal Separatestorm SewerSystems (MS4s).

In addition, a combination of stormwater detention and green infrastructure/low impact
development (GI/LID) projects for future and existing develeptwill be prioritized.

Mitigation of stormwater effects will also be accomplished through designation of parks and
green space, promoting urban forestry, and tree census to establish tree inventories. Enhancing
drainage policies and land development staielinances to reduce stormwater volume and

improve water quality will be encouraged. Education and outreach programs designed to address
specific stormwater pollutants will also be delivered including pet waste, proper lawn
maintenance, recycling, andegjal dumping education.

In stream practices are also recommended to improve water quality in the Arroyo Colorado.
Three aeration structures (i.e. water falls) are proposed for implementation just upstream of the
tidal segment and mechanical aeratordiffusers are recommended in the Port of Harlingen
Turning Basin in order to improve DO in the impaired zone. Dredging the Llano Grande Lake to
its original depth and restoring groundwater flow will improve water quality, provide additional
capacity and tore a native deep water habitat to the Arroyo Colorado.

Identifying flood prone areas of the watershed and implementing flood event BMPs that will
help alleviate flooding is also proposed. A project on Tio Cano Lake will alleviate flooding in
the areaad provide stormwater detention and treatment thus redaocimgoint sourceNPS
pollution into the Arroyo Colorado.

Continuing to conduct appropriate education and outreach programs in the watershed is a top
priority. Not only will these programs rais@vareness regarding water quality in the Arroyo, but
they will also allow for implementation efforts to be promoted. These efforts are critical to the
successful implementation of the updated WPP. The watershed coordinator will continue to
coordinate ang@rovide education and outreach in the watershed an
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Progress Tracking and Future Updates

The watershed coordinator will continue to track progress toward achieving implementation
targets and provide annual reports to stakeholders regarding progressg&earmittee and

some Work Group meetings will continue to be held in order to provide forums for discussion
regarding progress, BMP planning, and future updates. Planned water quality monitoring is
described in Chapter 11 and necessary to determin@lémentation efforts are having positive
effects on the Arroyo. This information will provide the Partnership with valuable information in
order to better characterize the sources of pollution in the watershed and continue to adapt the
WPP as implementatimolessons are learned.

To support adaptive management, every two years an addendum to the WPP will be developed
and approved by stakeholders. The addendum will describe modifications/updates to goals and
milestones, explain new understandings of sousnescauses of water quality issues, document
success in achieving goals and milestones, and success in achieving water quality improvement
and load reductions.
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Chapter 17 Watershed Management

Definition of a Watershed

A watershed is the land artreat dains to a commowaterway such assiream, lake, estuary,
wetland or ultimatelythe ocean. All landurfaces on Earth are includeda watershed; some
are vey small while others encompassge portions otountriesor continents. For example,

many smier watershedsor subwatersheds, combine form theArroyo Coloradowatershed,
which is actually gart of theLLM watershed

A Watershedds | mpacts on Water Qua

All activities, both human and natural, that occur within the boundaries of a wateesresthe

potential to influence water quality in the receiving waikedy. As a result, an effective
management strategy that addresses whotdlyer qual
must examine all human activities and natural processemhtit watershed.

The Watershed Approach

The Watershed Approach is fda flexible framewo
guantity within a specified drainage area or watershed. This approach includes engaging
stakeholders to make management deassupported by sound science and appropriate
technologyo (USEPA 2008). The Watershed Appro
a geographic focus based on hydrology rather than political boundaries;

water quality objectives based on scientific data;

coordinated prioritiesrad integrated solutions; and

diverse, welintegrated partnerships.

= =4 =4 2

A watershedés boundaries often cross municipa
determined by the landscape. Using the Watershed Approach, all potential sources of pollution
entering a waterway can be addressed by all potential watershed stakeholders.

A stakeholder is anyone who lives, works or has an interest within the watershed or may be
affected by decisions&akeholders can include individuals, groups, organizatioag@mcies.
Stakeholder involvement is critical for effectively employing a holistic approach to watershed
management that adequately addresses all watershed concerns.

Watershed Protection Plan Development Process

Watershed Protection Plan&/PP9 are localy driven mechanisms for voluntarily addressing
complex water quality problems that cross multiple jurisdictions. WPPs are coordinated
frameworks for implementing prioritized water quality protection and restoration strategies
driven by environmental objaees.
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Through the development process, stakeholders are encouraged to holistically address all of the
sources and causes of impairments and threats to both surface water and groundwater resources
within a watershed. To help ensure that plans will effebtiaddress water quality issues when
implemented, thé&nited States Environmental Protection Age(ld$$EPA has established nine

key elements that it deems critical for achieving water quality improvements. These elements are
listed and defined iAppendx B.

WPPs serve as tools to better leverage resources of local governments, state and federal agencies
and norgovernmental organizatiofslGOs) WPPs integrate activities and prioritize

implementation projects based upon technical merit and benetits watershed, promote a

unified approach to seeking funding for implementation and create a coordinated public
communication and education program. Developed and implemented through diverse, well
integrated partnerships, a WPP assures thetkrng healthof the watershed with solutions that

are socially acceptable, economically viable and achieve environmental goals for water

resources.

Private Property Rights

This WPP establishes a coordinated plan to voluntarily implement management strategies to
restae and protect water quality through partnerships and cooperative efforts. Although this plan
is completely voluntary, stakeholders realize that the goals of this plan will not be achieved
unless action is taken. As a result, this plan includes implenwngativities that can improve

water quality without infringing upon the rights of watershed landowners.

Adaptive Management

Adaptive managemeis a defined natural resourcsenagement appraat¢hat promotes
decision makingupported by an ongug, sciese-based process. Thégproach incorporates
results ofcontinual testing, monitoringgvaluation of applied strategiaad incorporatiomf new
information inb revised management approactied are modified badeon science and societal
needqUSEPA 200). Essentillly, adaptive management allowtakeholders to maintain a
flexible approach in their decisianaking process tocaount for inherent uncertaingndto

make adjustmenthat improve the performance @ésignated managemeneasures over time
(Williams etal. 2009). Wing thisprocess, members of teroyo Coloradowatershed
Partnership will implement strategiknown to address manaaple pollutant loadings withihe
watershed.
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Chapter 27 The Arroyo Colorado Watershed

The Arroyo Coloradotsetches for 90 miles through the heart of tR3V. For much of its

course, the Arroyo Colorado is a floodway and conduit used for wastewater convélyance.
originates near Mission, Texas, and empties into thé Lone of the most productive
hypersalinedgoon systems in the world (TPWD 2006a). As the primary source of fresh water to
theLLM, the lower 25 miles of the Arroyo Colorado is an important estalagyursery for

many fish crab,and shrimp specidbat require less saline waters in their devedeptal stages.

The Arroyo Colorado is the primary source of fresh water to the buMometime provides

too much freshwater to the systefime lower third of theiver alsoserves as an inland waterway
for commercial barge traffic and a recreational doedoating and fishing.

Perennial (yearound) flow in the Arroyo Colorado rimarily sustained by flows from

municipal wastewater treatment facilities. Irrigation return flows and urban runoff supplement
the flow on a seasonal basis. Shallow groustgwis also known to contribute bak®av to the
stream, primarily in Cameron County.

Brief History

In its most pristine condition before the arrival of European settlers, the Arroyo Colorado was
undoubtedly a coastal stream of extraordinary grace aaaypdts pools of mirrestill water

bore the reflection of a diverse and unique seopical, coastal environment which exists today

in only avery few and special places. Gliding across the delta plain of the once mighty Rio
Grande River, the quiet waat of the Arroyo Colorado would have crept almost unnoticed

through a haunting maze of mafsped hardwoods that crowded its baméthered by woody

vines and shading a thick, thorny understory of acacias, low palms, scrub brush and cactus. In its
slowjourney to the coast, the Arroyo Colorado flowed into large expanses of brackish marshland
where shorter but equally dense vegetation concealed a complex coastal ecosystem no less exotic
than the rich wildlife community that thrived in the headwaters @ibper delta region. Sadly,

this image of the Arroyo Colorado vanished long,aong with those who were fortunate

enough to behold it.

Shortly after the beginning of the 2@entury, largescaleproductionagricultue began in the

Rio Grande Valleyand Arroyo Colorado watershe@learing native plant cover was the first
stepnecessaryo access the rich organic soils of the delta pl@iearing was accomplished on a
massive scale in the 1920s and 1930s.

Theregiorts semtarid climate led to the sered necessary step agricultural developmerit
construction of airrigation system capable of extracting, conveying and distributing huge
guantities of water over large areas of farm |aahal building began in the 1900s, the modern
irrigation systemn the Rio Grande Valley was not completed until the early 1930s.
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The flat topography and flogprone nature of the Rio Grande Delta led to the third necessary
step in the development of th&GV i theconstruction of a flooadontrol system capable of
mitigating the effects of catastrophic floodirdajor floods areelatively frequent evesin this
andall natural deltaic systems.

In 1947 the United States Section of the International Boundary and Water Commission (IBWC)
completed the LRGV Flood Controtdject It spannedhe entire length of theRGV from the

city of Mission (in the west) to theity of Harlingen (in the east) and thigy of Brownsville (in

the southeas(Figure 2.1) The Main and North floodways drain a total of 2,344 square miles

(TWC 1990) and approximately 80% of the Arroyo
Floodway during flood conditions, which the IBWC defines as flow exceeding 1,400 cubic feet

per second (IBWC 2003).
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Figure 2.1: Hydro logic map of the Arroyo Colorado showing floodway systemgArroyo Colorado WPP 2007)

Channel Classification and Characteristics

The Arroyo Colorado is described by tTh€EQas having a freshwater segment and a tidally
influenced (i.e., marine) segment. ThREEQ classifiedthetwo portions 6éthe Arroyo Colorado
separatelypecause athe distinct physical characteristics of each segment of the stream.

The tidally influenced segment is approximately 26 miles long and is referred to as Segment
22010r Arroyo Colorado Tida(Figure 2.2) It extends from the confluence with the Laguna
Madre in Cameron/Willacy County to a point 100 meters south of the Port of Harlingen in
Cameron County and includes the Port of Harlingen turning bassignated usea Segment
2201 includecontactrecreationhigh aquaticlife and fish consumption
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Thefreshwateiportion of the Arroyo Colorado is approximately 63 miles long and is referred to
as Segment 2202 the Arroyo Colorado Above Tidal. It extends from the tidal segment
boundary, south of the Port of Hiagen, to its headwaters located southwest of the city of
Mission.Designated uses in Segment 2202 include contact recreation, intermediateliégjuatic
use, and fish consumption.

The Arroyo Colorado Above Tidal is an extensively modified natthiahnédesigned to carry
floodwater from the Rio Grande and thRGV to the Laguna Madre. It is characterized by a
steepwalled channel entrenched within a wide floodplain bounded by flood control ldvees.
averages less than 40 feet wide and is approximatelyo three feet deep. The channel bottom
is mainly composed of loosely consolidated sittiay sediments and the sparsely vegetated
banks are in a continual state of sloughing.

The Arroyo Colorado Tidal is dredged to accommodate barge traffic to thefftarlingen and

is characterized by steep eroding slopes with bank heights up to 50 feet. The steep banks are
partly the result of plang dredge spoil material on tisgreambanks. In the upper portions of the
Tidal segment, steep banks are thoughitcimasionally impede the dlow across the surface of
the streamThiscan reduce aeration and vertical miximgich, contribute to low levels of
dissolved oxygeiiDO) observed in this streasegmentThe average widtand depttof the

Tidal segmenareabout 200 feet and the average depth is 13résgtectivelyWater qualityis
brackish to saline and usually stratifies under warm weather conditions, forming layers of
warmer, fresher water on the surface and cooler, more saline water near the bottaostfedr

its course, thébove Tidal segment of the Arroyo Colorado has a significant degree of natural
sinuosity.This is diminishedn the final four miles of th&idal segment of the Arroyo Colorado
asit flows into a marmade channel that leads to theracoastal Waterway and théM .
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Figure 2.2: Arroyo Colorado Classified Segments

Topography

Generally the watershedlopes from west to east through the heart of RE€Y with an

average slope of less than 1.5 feet per mile. The highest elevatienAnroyo Colorado
watershed is about 120 feet above mean sea [éorimon natural landscape features in the
LRGV includedepressions, resacas (oxbow lakes), salt lagoons, coastal marshéstsidal
pointbars and barrier islands. Mamade landscapgeatures include levees, drainage ditches and
raised irrigation canals.

Geology and Soils

The upper twethirds of the Arroyo Colorado are underlain by alluvium consisting mostly of

muds and silts deposited by the Rio Graride lower third is underlain dyarrier island

deposits of mostly sand with some silt and clay. Almost all of the deposits underlying the Arroyo
Coloradowatershedare of Holocene origin except for a short distance in the lowettoreof

its course where the Beaumont Formatieigure 2.3) of Pleistocene origin, abuts the northern

and western banks of tiheroyo Colorado (Brown et. al., 1980).

Geologic age of the sediments in the region inciefise east to west. Pleistocene sediments,
(Beaumont Formatignwere deposited after@Hast interglacial period about 70,000 years ago.
This formation ismostlycomposed of clay with some fine sand and silt. Holocene sediments
(approximately 10,000 years old) consist of sands and silts and are both open nthrine a
meandering fluvial
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Figure 2.3: Surface Geology in the Arroyo Colorado Watershed (Arroyo Colorado WPP 2007)

TheLRGV is characterized by its unconsolidated soil substrate. The soils in the Arroyo
Colorado watershed are clays, clay loamssamtly loamsMost soil depths rangedm about

63-78 inches. The Harlingen, Mercedes and Raymondville soil series consist predominantly of
clay soils with low permeability. A representative soil profile consists of abe@87iches of

clay. The Hidalgo, Rio Grande and Willacy soil seriessist predominantly of sandy loam and
sandy clay loam soils with moderate permeability. A representative soil profile consists of about
14-15 inches of sandy loam overlying-88 inches of sandy clay loatdydrologic soil group B

and D dominate the watesth (Figure 2.4).
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Figure 2.4: Hydrologic soil groupsin the Arroyo Colorado watershed(Arroyo Colorado WPP 2007)
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The Arroyo Coloraddlows over the fluviedeltaic plain of the Rio Grande. Fluviteltaic plains

are large geographic features that fornsoastal areas near the owlet large rivers. Fluvie

deltaic sediments are typically composed of interwoven lenses of sands, silts and clays deposited
by rivers as they reach the coast and distribute their load of fine, crgangediment over a

triangular coastal region known as the delta plain. The entire delta plain of the Rio Grande

slowly subsides or sinks, as does the entire Gulf Coast. However, subsidence rateR@G\Mhe

(~6 mml/yr) are some of the lowest in the Gulf Coast.

The Arroyo Colorad is thought to have been an ancient channel of the Rio Grande that became
isolated from the main river during one of many flood events that caused the river to change its
course Prior todamconstructioronthe Rio Grandgeit overflowed its banks annuglldepositing

new sediments and moving fresh water into a variety of abandoned river segments and meander
channels that became cut off from the main flow of the river. These abandoned channels are
known as resacas. The Arroyo Colorasloonsidered a spetitype of resaca that once flowed
naturally into the Laguna Madre. Resacas are found scattered throughout the LRGV, where they
form isolated freshwater reservoirs and wetlands.

Groundwater in theRGV is typically shallow (330 feet from the surface) andries in quality

from fresh to very brackish (TDS <10@fy/L to TDS >10,000ng/L) with local occurrences of

high nitrate, sodium, chloride and boron. The shallowest groundwater is found throughout the
watershed in surface sand deposits that alternatelayiers of clays and silts in the shallow
subsurface. In the upper portion of the Arroyo Colorado watershed, the Gulf Coast Aquifer is
sometimes used as a consistent source of groundwater. The aquifer typically produces fresh to
brackish groundwater frome Chicot (61000 feet) and Evangeline-g500 feet) formations.
Groundwater quality in the Gulf Coast Aquifer generdiéglines towardhe coast and is

generally too brackish for human use in Cameron and Willacy counties (TWDB 2003a).

Climate and Rainfall

The climate of th& RGV is hot, windy, dry and subject to frequent droughts and occasional
floods.Dramatic wet and dry cycles commonly yield rainfall totals that are considerably above
or below normal. Tropical weather systems also occur and prodtreenexrainfall totalsSince
1954,8 hurricaneshave maddandfall in south TexadVinters are mildand temperatbutare
subject to arctic cold frontsvhich canproduce freezing temperaturfes up to 24 hours every
10-15years The climate of th&€ RGV is characterizedyy divergingtemperate and tropical
climates andis semtarid and subtropical. Average annual precipitation in the area is about 26
inches and the mean annual temperatures. 72

Demographics

TheLRGV is one of the fastest growing regsom the natior{Tables 2.12.2). There ard.1
cities with populations greater than 10,000 withinwaershedMcAllen, located in southern
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Hidalgo County, is the largesity with an estimated population #88,082as of January 1, 29
according to thd@exas DemographiCenter From 2000 to 208, the population of the major
cities in the watershedcreased by abo®8%. By 2050, he population of Hidalgo County is
expected toncrease by 130%nd the population of Cameron County is estimatedd@ag by
more than 50%

Table 2.1: Population Changes ofCities in the Arroyo Colorado Watershed

2000 2010 2015 Percent

Census Census Estimated Increase
City Population | Population | Population* | (20002012)
McAllen 106,414 129,877 138,082 30%
Harlingen 57,564 64,849 66,037 15%
Pharr 46,660 70,400 76,476 64%
Mission 45,408 77,058 83,394 84%
Weslaco 26,935 35,670 37,797 40%
San Juan 26,229 33,856 36,634 40%
San Benito 23,444 24,250 24,670 5%
Donna 14,768 15,798 17,429 18%
Alamo 14,760 18,353 19149 30%
Mercedes 13,649 15,570 16,798 23%
Hidalgo 7,322 11,198 12,610 72%
La Feria 6,115 7,302 7,773 27%
Progreso 4,851 5,507 5,999 24%
Palmview 4,107 5,460 6,667 62%
Rio Hondo 1,942 2,356 2432 25%
Total 400,168 517,504 551,947 38%

*Source:Texas Demographi€enterestimates as of January 1, 301

Table 2.2: Population Projections for Cameron, Hidalgo, and Willacy Counties
County 2010 2020 2030 2040 2050

Cameron | 406,220 493,571 584,883 668,322 741,902

Hidalgo | 774,769 1,005,539 1,271,656 |1,531,900 |1,779,370

Willacy 22,134 26,817 31,526 35,787 39,693
*Source: Teas Demographi€enter 2014 Population Projectsn

Despite prolific trade and high industrial production occurring acrossR&V border area, the
Arroyo Colorado watetsedis in an economically distressed a@able 2.3) Many communities
within or adjacent to the watershark lacking ohave inadequate water and wastewater
infrastructure however, the number of these areas are decredsetp recent extensions of
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savice. These communities are typically unincorporated developmétitdow income housing
knowncolanie® fand are frequentl y f oalangithemexasr many
Mexico borderEvidencesuggestshat the lack of sanitary sewage, stornavatrainage and

solid waste disposal facilities aoloniassignificantly contributes to water quality problems in

the Arroyo Colorado.

Table 2.3: Median Household Income for Cameron Hidalgo, and Willacy Counties
County | Median Household Incomg

(20097 2013

Cameron $33,179
Hidalgo $34,146
Willacy $25,886
Texas $51,900

*Source: U.S. Census Bureau, American Community Survdeds Estimates

Land Cover

The watershed is characteristic of the Western Gulf CoastiPlaower Rio Grande Valley

ecoregio. It once supportelbw woodlandslense, diverse grassland and shrub communities.

Now, the watershed mostlycropland, pasture, and urban la@er50% of the watersheis
cultivatedand20% is urbanizedFigure2.5). Pastureland, rangeland, and wedsicomprise the
remainder of the watershed (Table 2l4jban growthin the watersheavill primarily occur in

areas that are currently cultivated and wil/l

TCEQ Segment
e A e
B cuvvaned crogs N
[ wosdy wermnos ] swar Subwatersheds Datn Sosroes b s if

- e D Arroyo Colorado Watershed National Land Cover Databiase (NLCD) - 2011 —

Taans Commission an Envesamanial Osally (TOREQ)

Figure 2.5: Land cover map
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Table 2.4: Land coverin the Arroyo Colorado watershed.

Land Cover Acres % of Total
Open Water 8,717 2%
Developed, Open Space 24,896 6%
Developed, Low Intensity 31,231 7%
Developed, Medium Intensity) 20,382 5%
Developed High Intensity 5,846 1%
Barren Land 4,267 1%
Deciduoud~orest 2,753 1%
Evergreen Forest 217 <1%
Mixed Forest 422 <1%
Shrub/Scrub 33,057 8%
Grassland/Herbaceous 15,810 4%
Pasture/Hay 24,805 6%
Cultivated Crops 219,051 52%
Woody Wetlands 9,656 2%
Herbaceous Wetlands 17,185 4%
Total 418,294

*Source:2011 National Land Cover Database
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Chapter 31 Habitat, Wildlife and Ecotourism

The people that settl ed t he [LnReB¥enchHoghpa n
seemingly magical fertility and biodiversity of the regidhe LRGV is a floodplainwhere

c al

temperate sendesert, brush and grassy plains meet and mingle wittrgpical vegetation and
riparian forest, river antesacaslagoons, and oceahhese vegetative communities are known

as Tamaulipan brushlanBiologically, the LRGV is one afhe richest, most diverse areas in

U.S. supporting at least76 plant specie®lant communities occur as a continuum across the

landscapehanging from one into another depending primarily on topography,,soitirology
or physiographic zone3here aresix major physiographic zones in the LRGwhich influence
the types of vegetative communities (Fig8r#).
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Figure 3.1 Physiographic zones of the LRGV (Hathcoclet al.2012)

Much of the watershelies within the Rio Grande Delthysiographizone which naturally

contains mostlyvoodlands and shrublantsat includemesquite and granjeno association mixed
with Texas ebony, anacua and brailgar hackberry and Rio Grande Ash are common within

riparian areas of the watersh@@maulipan brushland oa formed an extensive thicket that

covered most of the Rio Grande delta but now is highly fragmented and covers less,than 5%

mostlyalonghighways, canals, ditch banks, and fence rows (USFWS 1®&gnsive

vegetation in this habitaincecapturel stormwater and sloed runoff allowing it to evaporate or

infiltrate into the groundits loss has increased stormweadedsediment loss.
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The Arroyo Colorado is one of the most important and prominent landscape features in the

LRGV. Many of the vegetative comumities found in the LRGV arenly found along the banks

of the Arroyo ColoradoThe Arroyo Colorado is just as vital to the flora and fauna found in this

region as the Rio Grande River that created it. The Arroyo Colorado and the Rio Grande shaped
and fomed the LRGV andrethe main reasothatthis region is so biologically diverse.

Wetlands, resacas, pothole depressions and the various water features in the LRGV were created
by the ancestral Rio Grande and are key habitats and invaluable sources td wéthife that

relyonthe regionWat er i s the biggest factor in making

The Arroyo Coloradas an abandonedver channel of the Rio Grandad the largest resaca in
Texas. Once cut off from tHeio Grandefreshwater iflow only occurred when thRio Grande
flooded. The Arroyo Colorado is also a Yazoo Riedributary that parallels the main channel
of a stream for a considerable distamaking it particularlyunique to this portion of Texas.

Wetlands are comman the LRGV. Saltwater wetlands occur alotige coast while freshwater
wetlands and resacas are scattered throughout the coastal plain. Wetlands were once prolific due
to ample freshwater frofnequentflooding across the LRGWlood control projecthiavemastly
eliminated thisvatersourcemaking rainfall the primary source of inflow wetlands and resacas
(Jahrsdoerfer and Leslie 198Bespite this,@sacas and other depressional freshwater wetlands
remain good habitat for waterfowl, shorebirds, wadinmg$and several species of mammals,

fish and invertebrates, including the state listed threatened-$petted newt and lesser Rio

Grande siren (TPWD 199 Riparian areas bordering natural resacas often retain forest and
woodland vegetation communitieace prevalent throughout the deltaic plain of the Rio Grande

In urbanareas many resacas have been modified to serve as water supply storage systems,
stormwater retention areas amenities within commercial and residential developments.
Shorelines areften bulkheaded and water levels are artificially maintained. In addiésaca

riparian zones in urban areas have been cleared to build homes and other developments and the
natural plant communities have been replaced with nonnative landscapes.

Historically, the Arroyo Colorad@ b o v e banksdiead donsinated bgubtropicalmesic
woodland plant communitie®Remnants othis habitat are nofound along some portions of the
Rio Grande and its former channels. These communities have a relativetahayy

dominated by Texas ebony and anacua, a dense shrub layer dominated b@ dmdsilid

hooker) and a sparse ground layer dominated by plant Itense brush and wetlands provide
feeding, nesting and cover for many wildlife species. The Riod&;alrroyo Colorado, resacas
and their associated riparian forgstsvidecorridorsthatconnect remnant tracts of undisturbed
terrestrial habitatandsupports an abundance of neotropical migratory songbirds, mammals,
snakes, lizards and salamanderg #lso home to rare and unique plant and animal species,
many of which reach the northernmost limits of their distribution in the LRGV (USFWS 1997).
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Several state and federally listed threatened and endangered species are found in the region
including theocelot (eopardus pardalisand the jaguarundHgrpailurus yagouarounli

Adjacent to the Arroyo Coloradalal, mangrove swamps, flats and marspesvidefeeding and
nursery habitat for important marine fish species and feed®@gor manyavian sgcies.
Productivity of these coastal environments is highly dependent on water gAaligyicate

balance of physical and chemical factors typically ogcuareas where rivers meet marine
environmentand drives water quality in these areasthropogeit changes can dramadity
effectproductivity of these coastal systems. For example, excessive algal growth resulting from
high nutrientievelscan reduce light penetration in shallow areas of the bay, threatening the
growth of sea grasses and reducimg important shallow bottom habitat they provide for

juvenile marine species.

High and steep ctlianks occur regularly along the Arroyo Colorado. Erosion is a natural
process along riverine systemhsit contributeso changes in natural river courses, thatiso
contributes to pollutant loading in those systems. Erosion can be exacerbatateisyhedand
uses includingonversion of open space to impervious cowayp production, roads/trails and
livestock grazing. When riparian areas disturbed their ability to intercept and slow runoff
from adjacent uplands reducedThis leads ta@ully formation redu@dstream banlkntegrity,
and further degradation of riparian hahitat

Habitat alterations, including modification of hydrology, dredgingasiréank destabilization

and the loss or degradation of wetlands also contribute to impaired water quality in streams and
rivers (USEPA 2005). The combined impacts of physical modifications, placement of dredge
materials and loss of riparian habitat areutjftt to be exacerbating low dissolved oxygen (DO)
concentrationén the Arroyo ColoradoTidal (TCEQ 2003) Straightening, widening and

deepening to facilitate barge traffiasreducel velocity of the stream flow, circulation-re

aeration rates in the str@aSand bars and woody debris rerabalso decreasdarbulence that

would facilitate reaeration of the water column (APAI 2006).

Invasive plant species occur in terrestrial and aquatic habitats associated with the Arroyo
Colorado and the LRG¥nd theyhave a negative impact on native plant and wildlife
populationsin riparian areasammon reedRhragmites australisand giant reedArundo

donay, spread quicklandform expansive monospecific starttiat decreasplant diversity and
reduce valuable wilde habitat Exotic plants excludeativeplant species from growing near or
beneath them either directly, through allelopathic processes (suppression of growth through the
release of toxins) as is the case with tamaiiskr(arixsp.) and buffelgras$émisetum ciliarg,

or indirectly, through competition for water and/or light, as with Brazilian pegmirus
terebinthifoliug. Other invasive species, such as guinea gMsgdthyrsus maximupreduce

the vigor and density of desirable native speciearad them through resource competition.
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Invasive plant species generally provide lower quality habitat (including food, cover, and nesting
sites) for native wildlife species than do raggressive native plant species.

Arroyo Colorado Connection to Bay

The Arroyo Colorado is the primary source of fresh water to the LTIiM.Arroyo Colorado

Tidal is an estuary that serves as a nursery for juvenile fish, shrimp, crabs and other marine
wildlife. In contrast to other Texas estuaries, the LLM is a hgpknelagoon, ecosystem that
did not develop with a substantial reliance on freshwater inflow to maintain a sound
environment. The Lower Rio Gran@asin and Bay Area Expert Science Te@BEST)
determined that freshwater flowannegatively impact the LLMUnder wet conditions, high
freshwater pulses create low salinities that stress seagrass communiiessdry conditions,
freshwater inflonis dominated by municipal and agricultural retflow thatexceedfinat ur al 0
flow volume. Additionally, thesanflows contain ahigh nutrient loading that creates
phytoplankton blooms, excessive growths of seagrass epiphytes and drifting macwaicae
canreduce light availability to sea gragoer Rio Grandd8BEST2012) The BBEST study
concluded that the overdikalth of the LLM would improve and be a sound environment with
substantially less freshwater inflow and nutrient loading than it currently rec&hes.
recommendations offered by the BBEST are intended to provide necessary information and
guidance so thatakeholders and the regulatory commyioén uséhemto explore strategies to
reduce wastewater flows and nutrient loading to the LLM

Ecotourism

Ecotourism isa major economic driven the LRGVand generatefi360 million in 2014 alone

and is expectkto grow in the futurdt started with birding and has expanded to other nature
related activities such as butterflying, dragonfly watching, nature photography, and general
nature and wildlife experienceBhere are many state, local, and federally owpeaatts and land

in the aredhat are visited annually by tourista addition, there are seven major nature festivals
held in the valley every year, including the Rio Grande Valley Birding Festival.

The Eastern and Centiidbrth AmericarBird migration outesconverge in the LRG\s they
round the Gulf of Mexico (Figurd.2). To date, 503 of the 624 Texasd930 U.S. bird species
identifiedcan be found in the LRGW.he LRGYV is home to 300 of the 500 U.S. butterfly
speciesilackland2004). These factorsombine to make the LRGV the most populastination
for bird and butterfly watchingh North America The Rio Grande Birding Festiviaéld in
Harlingen every Novembels the largesBirding Festivalin the US. The LRGV is also home to
the World BirdingCenter(WBC). It is a network of nine sites dotted along 120 miles of river
from South Padre Island west to Romawdis created in partnership with thexas Parks and
Wildlife Department TPWD), the United States Fish and Wildlife ServiceBW9, and ne
LRGV communities. The mission of the WBC is to protect native habitat while increasing the
understanding and appreciation of the birds and wildlife.
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Figure 3.2 Convergence of two major migration flyways (World Birding Center 2016)

USFWS Refugesand TPWD ManagedL ands

Maintainingnative habitain the LRGV is very importarginceless than 5% afative habitats
still intact The USFWS and TPWD work to protect, maintain and manage these remaining
tracks of landandprovide outdoor recreational opptunitiesto the public Representatives from
USFWS and TPWD senwn theArroyo Colorado Steering Committee and technical advisory
committee for the Arroyo Colorado HabitAtorkgroup As the Partnership continues
implemening the habitat component of tlipdatel WPP, it is vital that the Partnership
collaborats with these agencies to protect and preserve remaining native vegetation in the
LRGV.

National Wildlife Refuges

The USFWS National Wildlife Refuge System is a national network of lands and seiters

aside for the benefit of wildlife and people. The USFWS works with willing landowners to
purchase tracts of land or conservation easements within the approved acquisition booindaries
the refuge. The LRGV is home to three USFWS National Wildlife Refi{gigure3.3): the

Lower Rio Grande Valley, the Laguna Atascosa, and the Santa Ana National Wildlife Refuges.

TheLRGV Refuge was established in 1979 to connect and protect remaining tracts of habitat

andto protect biodiversity in the region. The reguillows the Rio Grande aloritg last 275
river miles, connecting isolated tracts of land managed by private landowners, nonprofit
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organi zations, the State of Texas,
approved acquisition boundary indes all of Hidalgo, Cameron, and Willacy counties.

The Laguna Atascosa refuge was established in 1946 to provide habitat for wintering waterfowl
and other migratory birds, principally redhead ducks. Since establishment, focus has expanded to
include endagered species conservation and management for shorebirds. The refuge is a
premiere birewatching destination and includes more recorded bird species than any other

refuge in the National Wildlife Refuge Systenie refuge islsohome to the largest poptilan

of ocelotsinthel 8. The refugeds approved acquisition
coast and a strip of land along both sides of a portion of the Arroyo ColoradoTFd&anta

Ana refuge was established in 1943 for protection of amagy birds. This small 2,088 acre

refuge along the Rio Grande River offers visitors opportunities to see birds, butterflies, and other
species found nowhere else in the U.S. outside deep South Texas.
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Figure 3.3 State and Federal wildlife refuges, mangement areas, and parks.

TPWD Managed Land

TexasWildlife Management Areas (WMAS) offer a unique opportunity for the public to learn
and experience the natuedosystemsf Texas WMAs are established to represent habitats and
wildlife populations typial of each ecological region of Texdfie Wildlife Division of TPWD
manages 18 WMABR the LRGVtotaling 3,828 acreflable3.1).
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Table 3.1: TPWD managed properties/acreage

TPWD Managed Properties No. of acres | City/Location
Estero Llano Grande StaBark 270 Mercedes, TX
Las Palomas WMA Anacua Unit 243 Hidalgo County
Las Palomas WMA Arroyo Colorado Unit 800 Hidalgo County
Las Palomas WMA Baird Unit 123 Hidalgo County
Las Palomas WMA Carricitos Unit 118 Cameron County
Las Palomas WMA Champion Unit 2 Hidalgo County
Las Palomas WMA Chapote Unit 220 Hidalgo County
Las Palomas WMA Ebony Unit 276 Cameron County
Las Palomas WMA Frederick Unit 35 Willacy County
Las Palomas WMA Kelly Unit 46 Hidalgo

Las Palomas WMA La Grulla Urnit 136 Starr

Las Palomas WMA Longoria Unit 374 Cameron

Las Palomas WMA McManus Unit 56 Hidalgo

Las Palomas WMA Penitas Unit 120 Hidalgo

Las Palomas WMA Prieta Unit 164 Starr

Las Palomas WMA Taormina Unit 601 Starr

Las Palomas WMA Tucker/Deshazo Unit 176 Cameron

Las Palomas WMA Voshell Unit 68 Cameron
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Chapter 41 Water Quality Assessment

Water quality in the Arroyo Colorado has been monitored and assessed by TCEQ since 1974 to
satisfy requirements of Sections 305(b) and 303(thefClean Water Act (CWA). Section

305(b) requires states to survey the health of surface hadérs every two years and submit a
report summarizing results to the USEPA. Title 30, Chapter 307 of the Texas Administrative
Code (30 TAC Chapter 307) dedizs the Texas Surface Water Quality Standards. These

regulations specify designated uses (Table 4.1) of surface veatixs and establish water
quality criteria to protect these ugd@sble 4.2). When a watéody fails to meet criteria

associated withgpc i f i c

bodies (Table 4.1).

designated

uses,

it i s

Table 4.1: Designated uses, impairments and concerns for the Arroyo Colorado

Intermediate
Aquatic Life Use

Total phosphorus,
nitrate, chlorophyHa

Waterbody Designated Uses] Impairments and Corrective Action
Concerns**
Contact \
. Bacteria Arroyo Colorado WPP
Arroyo Colorado Recreation
y . Fish DDE, mercury, PCBs in | DDET TMDL
Above Tidal, Consumption edible tissue Other Impairments none
Segment 2202 P P

Arroyo Colorado WPP

Contact

Arroyo Colorado
Tidal, Segment
2201

: Bacteria Arroyo Colorado WPP
Recreation
Fish DDE, mercury, PCBs in
. . : None
Consumption edible tissue
ngh Aquatic DQ, chlorophylta, Arroyo Colorado WPP
Life Use nitrate

*As described in TexaSurface Water Quality Standards (TAC 3630%.10)
**Concerns are shown in italics

The2014 Texas CWA Section 305(b) Water Quality Inventory Report and 303(aBafismed
the longstanding water quality impairment in the upper 7.1 miles of thd $etamen{2201)of

pl aced

the Arroyo Colorado, where DO concentrations are sometimes lower than criteria established to

assure optimum conditions for aquatic life. This portion of the Arroyo Colorado is known as the
| mpai r me nt ariginah\WPPwraaslditibnhtlee Tidad segnment wals
first listed as impaired for bacteria in the 2006 303(d) List and remains impaired today. In the

iZone of

freshwater segment of the Arroyo Colorado (Segment 2B)2pli concentrations have

exceeded water qualityadards established for contact recreation since 1998. This WPP
addresses the DO and bacteria impairments and nutrient and chlorophyll concerns. A prior

TMDL addressed the DDE impairment in the Above Tidal segment.
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Table 4.2: Water quality standards fordesignated uses of the Arroyo Colorado

Segment Segment Name Cl SO, TDS DO pH Bacteria| Temp
# (mg/L) | (mg/L) | (mg/L) | (mg/L) | (SU) (°F)

2201 Arroyo Coloraddidal 4.0/3.0| 6.59.0 | 35 95

2202 Arroyo Coloradoabv tidal | 1,200 | 1,000 | 4,000 | 4.0/3.0| 6.59.0 | 12¢ 95

! The indicator bacteria for saltwateristerococci#/100 mL).
2 The indicator bacteria for freshwaterdscoli (#/100 mL).

For assessment purposes, wately segments are subdivided by TCEQ into smaller assessment
units (AU). The Arroyo Colado Above Tidal (segment 2202) and Tidal (segment 2201) are
divided into four and five AUs, respectively (Figure 4.1). Watally assessments are completed

at the AU level thus a watbody segment can have multiple impairments for the same use.
Table 4.3provides written descriptions of each AU and defines their extent in the watershed and
the current impairments according to the 2014 303 (d) List (TCEQ 2014). In this WPP, all
available data from the monitoring stations used by TCEQ in the 2014 303t(f)r.the

parameters of concern collected since December 1, 2005 (start date of the 2014 303 (d) List)
within each segment were evaluated to gauge compliance with water quality standards. This
approach differs from the biennial assessment conducted b T¥liere each AU is assessed
using a sevefyear moving window of time; however, it presents useful information regarding

the general water quality in each segment and captures more recent data collected. For more
detailed assessments of DO concentratioesiah AU and for determining if water quality in the
Arroyo Colorado is improving over time, the
relied upon.

AUs with Dissolved Oxygen Impairment VN Bicwranin

A1 AUs Tor Segments 2202 and 2201 ane mpared for bactana

Source Tedas Commeson an Ensironmental Quakly Surtace Yater Qualty Monionng Frogram W

Figure 4.1: Arroyo Colorado Assessment Units
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Table 4.3: Arroyo Colorado assessment units fistream to downstream)

AU Length | Description Impairment* | *Assessment
(mi) Monitoring
Stations
Used
2202_04| 18 From confluence with La Cruz Resaca to| Bacteria 13083
upper end of segment at FM 2062 13084
13086
17644
2202 _03| 25 From confluence with La FexiMain Canal | Bacteria 13081
just upstream of Dukes Highway to 13082
confluence with La Cruz Resaca just 16137
downstream of FM907
2202_02| 15 From confluence with Little Creek to Bacteria 13079
confluence with La Feria Main Canal just 13080
upstream of Dukes Highway 16141
16445
2202 01/ 6 From downstream end of segment to Bacteria 13074
confluence with Little Creek just upstrean
of State Loop 499
2201 05| 4 From just upstream of Hondwastewater | Bacteria, 13072
discharge at paoit N-97.58359, DO 16142
W26.247186 to upstream end efgsnent 17650
20200
2201 04| 2 From confluence with Harding Ranch Ditq Bacteria, 13073
tributary to just upstream of the city of DO
Hondo Wastewater Discharge at poinrt N
97.58359, W26.247186
2201 03| 6 From confluence with an unnath drainage| Bacteria 13559
ditch with NHD RC 12110108005353 at
point N-97.53, W 26.31 to confluence with
Harding Ranch Ditch tributary
2201 02 4 From confluence with San Vincente Bacteria 13071
Drainage Ditch to confluence with an
unnamed drainage ditch with NHD RC
12110108005353 at point497.53, W 26.31
2201 01/ 9 From downstream end of segment to Bacteria 13782
confluence with San Vincente Drainage 15551
Ditch

*Texas 2014 Integrated Report (TCEQ 2014)
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Dissolved Oxygen and Associated Parameters

DO concatrations are largely dependent on water temperature and salinity. The amount of air
entering the water column through diffusion, physical turbulence, and photosynthesis are also
key factors in determining DO concentrations, as is the presence of edgmanding

substances and living organisms in the water. DO coratents typically fluctuate dailyHigher

DO levels are usually observed in the afternoon at the height of photosynthetic activity, and the
lowest DO levels typically occur in the early momnhen algal respiration (i.e., oxygen
consumption) is at its maximum. Detailed hourly data forda period of depressed DO is
provided in Figure 4.2 showing how the observations vary during the day. Elevated nutrient
levels in the Tidal segment contife to periodic low DO levels by enhancing instream algae
growth. Wide diurnal fluctuations in DO observed in the Tidal segment, which range from 0 to
12 mg/L, are characteristic of a eutrophic (i.e., high algal productivity) Wwathr (APAI 2006).

Figure 4.2: 24hour data collected within the DO Zone of Impairment

Data collected at Bnited States Geological Survey$GS operated station in the Tidal

segment at FM 106 near Rio Hondo demonstrate this effect. DO data have been collected at this
locaion hourly at four fixed depths since May 30, 2014. Data collected nearest the water surface
were analyzed for March 1, 2015 through February 29, 2016. Comparing daily average DO and
minimum daily DO to their respective criterion of 4 mg/L and 3 mg/L @ueid that occurrences

of depressed DO below each criterion are most common during summer months and depressed
minimum DO is more common than depressed average DO (Table 4.4 and Figure 4.3). Further
analysis indicates that minimum and maximum DO conceatraibccur at 8 AM and 5 PM,
respectively. DO observations at this station support the description of a eutrophibogigter
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