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FOREWORD

The Clean Rivers Program (CRP) is a water quality monitoring, assessment, and public outreach
program administered by the TCEQ and funded by state collected fees. The Northeast Texas
Municipal Water District (NETMWD) coordinates the CRP for the CypredsBa®in. As a

participant in the Clean Rivers Program, NETMWD submits its BigilightsReport to the

TCEQ and CRP partners

This report and others submitted throughout the State are used to develop and prioritize
programs that will protect the quality of healthy waterbodies and improve the quality of
impaired waterbodies. Under the CRP, biologists and field staff collect wyaddity and

biological samples, field parameters and measure flow at sites throughout the Cypress Creek
Basin.

Monitoring and analysis are the basis for maintaining good water quality within the Cypress
Creek Basin. Within a cooperative program directed by the NETNIWEE activities are an
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NETMWD contracts with Water Monitoring Solutions, [W¢MS)to fulfill the sampling and
reporting requirements of the CRP.

Cover phototake Cypress Springs between the Dam and Midlake stations
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GET INVOLVED!

Each spring, NETMWD provides a venue for local stakeholders to learn about water quality
issues affecting their region and to provide input on projects in their communities Cypress
Creek Steering Committee meetings allow stakeholders to have input on addressing water
guality concerns and to prioritize water quality monitoring within the Cypress Creek
Basin.NETMWD and its Clean Rivers Program partners continue to reach out to the public to
educate and help resolve local water quality issidembers d the public, water supply
corporations, permitted dischargers, councils of government, and city and county officials are
invited annually to become steering committee membekgoint NETMWD and Sulphur River
BasinCRP Steering Committee meeting was helanch 202 at North Texas Community
College and virtually via Zoomopics includedthformation on the construction activities of

Lake Ralph Halquatic Invasive Speciagpdateson the Total Phosphorus Load Agreement

and NETMWD QS8ite Septic Faciitprogram anddiscussios of the Sulphur River Basin
Summary Report an@ypress Creek BagitighlightsReport.

NETMWD plans and coordinates monitoring efforts with other basin entities, the TCEQ
monitoring staff, @ddoLakelnstitute, and other interested participants annually within the
Cypress Creek BasiAll entities collecting water quality data in the Cypress Creek Basin are
encouraged to coordinate their efforts with the NETMWD and participate under the NETMWD
Quality AssuranceProject Plan.

VisitNETMWaDo join the Clean Rivers Program Steering Committee or contact Robert Speight
at 903639-7538 orrspeight@netmwd.org



https://www.netmwd.com/
mailto:rspeight@netmwd.org
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INTRODUCTION

The Texas Clean Rivers Program (CRP) is a statewide water quality monitoring and assessment
program that provides funding and resources for regional watershed protection efforts. The
program is administered by the Texas Commission on Environmental U&BQ) in

partnership with river authorities and other regional governments with the goal of maintaining
and improving water quality in each river basin in the state.

As the coordinating agency in the Cypress Creek basin, the Northeast Texas Municipal Water
District (NETMWD) works with federal and state agencies, municipalities, water suppliers, and
private companies to accomplish water quality monitoring and watergiretection

objectives. Monitoring priorities are established through stakeholder input and coordination

with other organizations working in the basin. Water quality sampling regimens are established
though an annual Coordinated Monitoring Meeting with thigjective of ensuring that

resources and efforts are not duplicated or overlapped. Coordinating entities in attendance
often include the TCEQ, Caddo Lake Institute, Texas Parks and Wildlife Dep@rirmaimy)U.

S. Geologal Survey Texas State Soil and Water Conservation Board, and Texas A&M University
¢ Agrilife/ Texas Water Resources Institute.

Mostyears, a Basin Highlight Repastauthored, presented at stakeholder meetings, and
posted to theNETMWDwebsite. Thereportistypically of a nortechnical naturentendedto
provide a higHeveloverview of issues that may affestater qualitywithin the basin

Figurel: Clean Rivers Program Steering Committee Meekiftegch 21, 2024
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THE CYPRESS CREEK BASIN

The Cypress Creek watershed encompasses approximately 6,000 square miles. Its major
tributariesc. A3 / @LINBaa / NBS1> [AGGES /@LINBaa / NBS|=
Cypress Bayogdrain into Caddo Lake on the Texas/Louisiana border. Thersted has a

diverse ecology. The headwaters of Big Cypress Creek, above Lake Cypress Springs, is

intermittent. Releases int®ig Cypress Creek from Lake Bob Sangiiia through flat to rolling

terrain surfaced by sandy and clay loams that support waikarant hardwoods, conifers, and

IN} a4Sa 0SF2NBE SyGSNAy3a [F1S hQ GKS tAySaed .S
flows into Caddo Lake through bottomland thick with hardwood and cypress trees.

The watershed originates in the southern portions of Hopkins and Franklin Counties.

Headwaters flow south eastwardly into Camp, Titus, Morris, Cass, Marion, and Harrison

Counties. Reservoirs in the basicludeMonticello Reservoir, Lake Cypress Springs, Lake Bob
{FTYREAYZ [F1S DAfYSNE [1S 5FAYy3aSNFASERT 9ffA
Lake.The major tributaries of Caddo Lake include Big Cypress Creek, Little Cypress Creek

(Bayou), Black Cypress Bayou, James Bayou, and Harrison Bsybasin experienced a

pervasive drought that began around 1999 and extended through 2014. During this period, the
drought was punctuated with large rainfall events. In 2011 and 2012, the drought reached
comparable levels with the drought of record frok6 Mdpp N Qa ® ¢ KA A RNRdJzAK
nearhistoric flooding in 2015 and 2016 which ended the drought.

Rainfall records at the Fort Sherman Dam (Lake Bob Samaltiafed in the upper portion of

the basinhave been maintained since its completion in 1978. Over the pastfidyears,

annual precipitation has averaged arountl 5inches. However, from 1979 to 19%he

average was &.7inches per year, as compared48.6inches from2000through 202. During

the 1999- 2014 drought, an annual average of 48 inches of rain was recorded. At slightly over
25 inches of precipitation, 2005 was the driest year on record and was also the first year that no
water had beerreleased from Lake Bob Sandlin since its completio@023, the area received
below average rainfabif 45.7 incheswith Junebeing the wettest month a8.41inches of
precipitation.

Much of the basirexperiencedsome level ofirought in 2022, especially from January through
March and throughout the summeFigure 2oresentsthe U.S. Drought Monitodata for the
basinin Fiscal Years (FX)22 and 2023 The drought monitor is updated weekly and reports
the percent of the area in théve stages of drought: D abnormally dry; D, moderate
drought; D2¢ severe drought; D8 extreme drought; and D¢ exceptional drought.



https://droughtmonitor.unl.edu/
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FY 2022 2023 U.S. Drought Monitor
HUC 111403 Big CypresSulphur
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Figure2: U.S. Drought MonitoFY2022 - 2023

Releases from Lake Bob Sandlin play an important role in the water quality of Big Cypress Creek
FYR [1S hQ (GKS tAyS&ad LY FTRRAGAZ2Y (G2 LINRPOARA
guality water from Lake Bob Sandlin helps to offset the nutrladen discharges from

gl aGSel GSNI GNBIFGYSyda LI Iy G aherg afe no kstreamflowS h Q
requirements in Big Cypress Crestywater is only released by the Titus County Freshwater

Supply District #1 to maintatie freeboard of the Fort Sherman Dafn average, a little over

97,000 acrdeet of water are released each ye&or the first time since 2014 prwater was

released from the reservoin 2022 Between February and July 2023, over 84,000-8=t

were releasedaind almost forty percent of those releasesre in the months of June and July.

In fact, this was the most water released during those monttet irastfifteen years.These

large volumes of water impacted the timing of bioassessments in Big Cypress Creek and the
[F1S hQ GKS tAySa &ALISOAlIf &aGdzRé RAaOdzaaSR f I
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Lake Bob Sandlin
Annual Rainfall and Releases
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Figure3: Graph of anual rainfall and releases form Lake Bob Sandlin

The 202 Cypress Creek Basin Highlights Repddcusal on water quality and recent studies
NdKS [ 1S hQ I KThe reppriigladessfouriidSdudsiinIdpics:
1 Water Quality Monitoring
1 Lake Cypress Springs 5n Study
T [ 1S Mmimes Ipdcidl Study
1 Species of ConceandAquatic Life Monitoringtudies
TheWater Quality Monitoringsectionof this report detailgthe 2022 Texas Integrated Report
(IR)and Draft 2024T CEQ assessmenftwater quality forall watersheds in the Cypress Creek
Basin The Lake Cypress Springs 5n Study is the first of its kind in Texas. The study was designed
to identify possiblesources ohutrientsthat are contributing to thenew 5n impairment. The
[F1S hQ GKS tAySa {LISOAlFf {GdzRé& KI RfotusimgA YA I N
on the high pH impairments across the reservdhie Species of Concern section discusses
potentially threatened or endangered species in the basiwliscussion of th&quatic Life
Monitoring studies section etailsbioassessment sdiesperformed by NETMWD antdMS
The bkestudiesand bioassessmentgsere fundedby the TCE(Clean Rivers Program.
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WATER QUALITY MONITORING

Water quality monitoringand reportingis the heart of theCRP NETMWD WMSand TCEQ
Region & Tylerroutinely collectwater qualitydata. Monitoring is conducteat 41 siteslocated
in allten designated segments amdtwelve unclassifiedsegmentswithin the Cypress Creek
basin. TheCoordinated Monitoring Scheduis a list of all monitoring in the Basin.

Clean Rivers Program partners collect monitoring data following a-a@EQved Quality
Assurance Project Plafheproject planreferences procedures and methods for sample
collection and handling. The TCEQ Surface Water Quality Monitoring team have produced two
procedures manuals that detail the methods for collecting water, sediment, and biological
samples. All CRP partners doll these methods oflata ®llection and quality assurance

The resulting dataare submittedto the TCEQ for inclusion in the state water quality database
Surface Water Qualitylonitoring Information Systemdftera thorough reviewand approval
by TCEQ, tleedataare made availabléor public accessia theNETMWICand TCEQvebsites.
These data are used by tH€EQo assesshe basin.

Physical and chemical measuremenfswater quality are typically made at each station.
Common parameters includéissolved oxygemH, suspended sediments, nutrientsacteria,
and stream flow or lake leveBiological assessmentsr Aquatic Life Monitoring (ALMhclude
the collection of fish, aquatic insects, and habitas@ssments tassess th@verallhealth of
streams.Water quality monitoring is often described in general terms of field parameters,
conventional laboratory parameterdijel studies (data collected over a-Bdur period), stream
flow, and biologialassessments

Forthe 2022assessmenthe TCEQ evalted 49 classified and unclassifiedater bodies in the
basin. The results reported in th2022 Texas Integrated Repaf2022 IR)ndicated that over

half of the water bodiegvaluateddid not meet surface water quality standards for one or
more parametersFigure5 detailsthe segments and parameters shown on @22 Texas
8303(d) ListThe8303(d) List identifiedine classified antivelve unclassified water bodies that
were nonsupporting(NS)of water quality citeria. Low concentrations aflissolved oxygen

(DO) high levels of bacteria, and mercury in fish tissue were the most common impairments.


https://cms.lcra.org/schedule.aspx?basin=4&FY=2024
http://netmwd.com/
https://www80.tceq.texas.gov/SwqmisPublic/index.htm

The2022 Texas8303(d) Listor the Cypress Creek Basin includesithpairmentsshown in the

2024 Cypress Creek Basin Highlights Report

table below

SegmentiD | Description Parameter

0401 Caddo Lake Mercury in fish tissue
DO

0401A Harrison Bayou DQE. coli

0402 Big Cypress Crebelow | Mercury infish tissue

Lake O' the Pines DO

0403 Lake O' the Pines High pH DO

oans |8 OIS SO e o

0404A Ellison Creek Reservoir | Sediment Toxicity (LOE)
Dioxin in fish tissue
PCBs in fish tissue

0404B Tankersley Creek E. coli

0404C HartCreek E. coli

0404E Dry Creek E. coli

0404F Sparks Branch E. coli

0404J Prairie Creek DO

0404N Lake Daingerfield Mercury infish tissue

0405 Lake Cypress Springs High pH
Nutrient Reservoir Criteria

0405A Big Cypres€reek DQE. coli

0406 Black Bayou DQE. coli

0407 James' Bayou DQ E. coli

0409 Little Cypres8ayou DQ E. coli

0409A Lilly Creek E. coli

0409B South Lilly Creek DO,E. coli

0410 Black CypresBayou Mercury infish tissue
CopperLeadin water
DO

0410A Black Cypress Creek E. coli

Figure5: Table of Impairments the Cypress Creek Basin
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The Draft 2024 IR assessed data collected from DecemBérd.b,through November 30, 2022.
No new impairments were added to theraft 2024 Texas8303(d) Listvhile four were
removed.

Assessment Unit| Description Parameter | Reason

0405 _02 Lake Cypress Springs | High pH New Data

0409 01 Little Cypress Bayou | DO Listing Incorrect
0409B_01 South Lilly Creek E. coli Standards Change
0410_02 Black Cypress Bayou | DO Listing Incorrect

Figure6: Water bodies removed from the Draft Teg863(d) List in 2024

The high pH impairment iAssessment Unit (AU) 0405_02 of Lake Cypress Springs was removed
due todatacollected during the assessment periogketing the pH criteriaThree out of 31
measurements reported during the assessment period were higher than the 8.5 s.u. criterion.
Note that the other two assessment unitsthe reservoiremain impaired for high pH.

Both low DAOmpairmentsin Little Cypress Bayou (AU 0409 01) and Black Cypress Bayou (AU
0410_02) were removedfter determining that the original basis for the listing was incorrect,
and that the streamamet their DO critera. Three of 63 readings assessed in Little Cypress
Bayou were reported below the 4 mg/L DO grab criteriorergastwo out of 45 measuremens

in Black Cypress Bayou were less than the 1.84 mg/L criterion.

TheE. colimpairment in South Lilly Creek was removed due to the results of a Recreational Use
Attainability Analysis that was performed in 2016. The study demonstrated that the stream was
not being used for primary contact recreation. As a result,Etmli criterion was raised to a
geometric mean of 630 MPN/100 mL, and the stream met this criterion with a geometric mean
of samples collecteduring the assessment periaf 420.3 MPNLOOmML.
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The followingdiscussiorprovides definitions of the common field and conventional laboratory
parameters.

HELDPARAMETERS

Field parameters include those obtained using a water quality sonde such as temperature,
RA&d&a2ft SR 2Ee3S8Sys LI T aLISOATAO 02y RdzOGHyOS o6a
O2YLISyal SR O2yRdzOGAGAGREVYT YR &l f Agfdame ® h K
flow, air temperature, and general field observations.

Temperature¢ Water temperature affects the oxygen content of the water, with warmer

water unable to hold as much oxygen. Whte wateri S YLISNI (1 dzZNBE A a G22 O2f |
organisms may either die or become weaker and more susceptible to other stresses, such as

disease or parasites. Colder water can be caused by reservoir releases. Warmer water can be
caused by removing trees from thgarian zone, soil erosion, or use of water to cool

manufacturing equipment.

Dissolved Oxygen (D@)The concentration of dissolved oxygen is a characteristic of water that
correlates with the occurrence and diversity of aquatic life. A water body that can support
diverse, abundant aquatic life is a good indication of wiglter quality since allerobic aquatic
organisms require oxygen to live. Modifications to the riparian zone, decreases in stream flow,
increases in water temperature, increases in organic matter, bacteria, and over abundant algae
may lead to lower DO concentratie in water.

Specific Conductance/ 2 Y RdzOUGAGAGe Aa | YSIadaNBE 2F GKS 41
electricity and indicates the approximate levels of dissolved salts, such as chloride, sulfate,

and sodium in the stream. Elevated concentrations of dissolved salts can impact the water as
adrinking water source and as suitable aquatic habitat.

Salinity¢ Salinity is commonly calculated by the water quality sonde using an algorithm based
upon conductivity and temperaturand is typically only recorded at coastal and tidally
influenced stations. Salinity plays a role in determining estuarine sites and the composition of
saline water diluted by freshwater from streams and rivers.

pH ¢ pHis a measure of the acidity or basicity of a solution. The pH scale is a logarithmic (base
10) scale. A change of one pH unit means that the water has become ten times more acidic or
basic.Most aquatic life is adapted to live within a relatively narrow pH range, but tolerant
species can adjust to varying pH ranges. Howeigrgevels below 4 (acidity of orange juice)

or above 12 (basicity of ammonia) are lethal to most fish spelndsstrial and wastewater
discharge, runoff from quarry operationand accidental spills are examples of factors that
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can change the pH composition of a water body. For many water bodies in East Texas, the pH
tends to be naturally low (acidic) due to soil composition.

Figure7: Samplébottles and instruments used to measure field parameters

Transparency Transparency is measut@sing aSecchi disklt is a measure of the depth to
which light is transmitted through the water column and thus the depth at which algae and
aguatic plants can grow. Transparengyan important secondary parameter for assessing
eutrophication a natural aging process in lakes and reservoirs, and for identifyingdamg
trends in water clarity.

Stream Flowg Flow is an important parameter affecting water quality. Low flow conditions,
common in the warm summer months, create critical conditions for aquatic organisms. At low
flows, the stream has a lower assimilative capacity for waste inputs from point angaion
sourcesStreams have critical low flows calculated by TCEQ. When stream flows drop below
these (known as 7Q2) calculations, some water quality standards do not apply. For example,
low DO is often a result of low flows. As a resultyfle often evaluated in conjunction with

DO by the assessors to determine if a site is meeting its Aquatic Life Use designation.

10
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CONVENTIONALABORATORIPARAMETERS

[F62NFG2NE Fylfedara 2F aO02y@SyaArzyltfé LI NI YSIQ
bacteria. Conventional parameters analyzed by a laboratory include:

Solids: Total Suspended Solids and Total Dissolved Sqlitigh solids may affect the aesthetic

quality of the water, interfere with washing clothes, and corrode plumbing fixtures. High total
dissolved solids in the environment can also affect the permeability of ions in aquatic

organisms. Mineral springs, carbdaaleposits, salt deposits, and sea water intrusion are

sources for natural occurring high concentration solids levels. Other sources can be attributed

to oil and gas exploration, drinking wateeatment chemicals, storm water and agricultural

NHzy 2 FFZ | YR LI2AYI(kY 2y Eleitkdldvelsol dbdbiged solidSNghBRA & OK |
chloride and sulfate can cause water to be unusable, or simply too costly to treat for drinking

water uses. Changes in dissolved solids concentrations also affect the quality of habitat for

aquatic life

Total Hardnesg Hardness is a composite measure of ionwater andis primarily composed

of calcium and magnesium. The hardness of the water is critical due to its effect on the toxicity
of certain metals. Higher hardness concentrations in the receiving stream can result in reduced
toxicity of heavy metals.

Chloridecg Chloride is an essential element for maintaining normal physiological functions in
all organisms. Elevated chloride concentrations can disrupt osmotic pressure, water balance,
and acid/base balances in aquatic organisms which can adversely affect sgnawalh,

and/or reproduction. Natural weathering and leaching of sedimentary rocks, soils, and salt
deposits can release chloride into the environment. Other sources can be attributed to oil and
gas exploration and storage, wastewater dischardgsdfill run off, and saltwater intrusion.

Sulfate¢ Effects of high sulfate levels in the environment have not been fully documented;
however, sulfate contamination may contribute to the decline of native plants by altering
chemical conditions in the sediment. Due to abundance of elemental and organicaudfu
sulfide mineral, soluble sulfate occurs in most natural wat@ther sources are the burning
of sulfurcontaining fossil fuels, steel mills, wastewater treatment plant discharges, and
fertilizers.

E. coli(Bacteria)¢ Occurring naturally in the digestive system of wastaoded animals,

Escherichia cofE. colj bacteria are commonly found in surface watglthough not all bacteria

are harmful to human beings, the presence of is an indication of recent fecal matter
contamination, and that other pathogens dangerous to human beings may be present. Bacteria
are measured to determine the relative risk of contact with pathogens through swimming or

11
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other contact recreation activitie§Sources may include inadequately treated sewage; waste
from livestock, pets, waterfowl, and wildlife; or malfunctioning/failing septic systems.

Chlorophylla ¢ High levels of chlorophyll can indicate algal blooms, decrease water clarity,
and cause swings in pH and dissolved oxygen concentrations due to photosynthesis and
respiration processes. An increase in nutrients can lead to excessive algal production.
Chloophylla concentrations are used as an indication of eutrophication in lakes and
reservoirs.

Nutrients (Ammonia, Nitrate, Phosphorug)Nutrients are essential for life. However,

elevated nutrients can cause excessive growth in aquatic vegetation and may lead to algal
blooms. Bloom conditions may cause wide variations in pH and dissolved oxygen within a
water body. Common sources of nanit pollution are treated effluent, malfunctioning septic
systems, and agricultural runoff. Soil erosion and runoff from farms, lawns, and gardens can
add nutrients to the water. Some nutrient loading may also occur naturally through biotic
decompositionln aquatic systems, when plants and algae die, the bacteria that decompose
them use oxygen, thereby reducing the amount of dissolved oxygen in the water column
which may lead to fish kills and decreased species diversity.

Elevated amounts of nitrogen in the environment can adversely affect fish and invertebrate
reproductive capacity and reduce the growth of young. High levels of nitrite can produce
YVAGNRGS G2EAOAGEZT 2NJ GoONRGY of BlaelBabgA a Sl &S dé
Syndrome in humans, a disease which reduces the ability of blood to transport oxygen
throughout the body.

Ammonia is excreted by animals and is produced during the decomposition of organic matter.
Municipal and industrial wastewater treatment plant discharge is another common source of
ammonia.

Phosphorus is one of the most abundant elements on the planet; howmest natural
phosphate compounds are very insoluble and not biologically available. Most water bodies
are phosphorudimited, meaning that algal production is limited to the amount of soluble
phosphorus available in the water column. Common contributorsobible phosphorus are
non-point sources such as human and animal waste as well as commercial fertilizers.
Commercial fertilizers are a more soluble form that can readily be usethhispbut this
property also makes the phosphorus more susceptible to runoff.

Organics Toxic substances from pesticides and industrial chemicals pose the same concerns
as metalsPolychlorinated biphenyls (PCB®r example, are industrial chemicals that are

12
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toxic and probably carcinogenic. Despite being banned in the United States in 1977, PCBs
remain in the environment, and they accumulate in fish and human tissues when consumed.

Metals ¢ High concentrations of metals such as cadmium, mercury, and lead pose a threat to
drinking water supplies and human health. Eating fish contaminated with metals can cause
these toxic substances to accumulate in human tissue and organs, posingtarong

significant health threat. Bioaccumulation of mercury in the edible tissue of many fish species
to the point of becoming a human health concern has prompted the Texas Department of State
Health Services to issue fish consumption advisories ardumdasin. Mercury in edible tissue

has been identified in fish tissue in water bodies throughout East Texas.

Fiscal Year 2QP

The Clean Rivers Program fgmpiarterly samplingt seventeen stations in 2024alhoratory
and fieldparametersare collectedat elevenstationslocated across théasin Monitoring for
field parameters and stream floanly is conducted at three stationsinddiel sampling is
performed & anotherthree stream stations each quartdn addition,Aquatic Life Monitoring
in the upper assessment unit of Big Cypress Creek is scheidi2684 Aquatic Life Monitoring
is comprised of biological, physical habjtstream flow, and diel sampling methods to assess
the overall health of the stream. Monitoring activitiase conducted during theon-criticaland
critical periods. Thaon-critical periodis from March 15to June 3Gand from October 1 to
October 15. e critical period extends from July 1 to September 30.

The following pages inclugemap of theFiscal YealHY 2024 Cypress Creek CRP monitoring
stationsalong withatable of the stations monitored blgoth the TCEQ Region(R5)and the
NETMWDWMS(WMS). This information can also be viewed by visiting@wrdinated
Monitoring Schedulpage.

13
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Site Description Station # | Segment| Collector | Type Field Conv | Bacteria| Flow ZggR ALM
CADDO LAKE IN GOOSE PRAIRIE 10288 0401 WMS RT 4 4 4

CADDO LAKE MID LAKE 10283 0401 WMS RT 4 4 4

CADDO LAKE AT DWIGHELLMANS 15249 0401 WMS RT 4 4 4

HARRISON BAYOU AT FM 134 15508 0401A WMS RT 4 4 4 4
KITCHEN CREEK AT CR 3416 14998 0401B WMS RT 4 4

BIG CYPRESS BAYOU AT US 59 15511 0402 R5 RT 4 4 4 4

BIG CYPREGREEK AT SH 43 10295 0402 WMS RT 4 4 4 4

BIG CYPRESS BAYXBOVEBACKWATER JACK 22422 0402 WMS BS 4 4
HUGHES CREEK AT CR 2985 22321 0402B WMS RT 4 4

KELLEY CREEK AT FM 250 16934 0402E WMS RT 4 4

LAKE O THE PINES N OF SH 155 17087 0403 R5 RT 4 4 4

LAKE O THE PINES NETMWD INTAKE 10297 0403 R5 RT 4 4 4

LAKE O THE PINES NEAR DAM 10296 0403 R5 RT 4 4 4

LAKE O THE PINES MID LAKE 16156 0403 R5 RT 4 4 4

BIG CYPRESS CR BRIDGE ON SH 11 10308 0404 R5 RT 4 4 4 4

BIG CYPRESS CREEK AT1US 2 10310 0404 R5 RT 4 4 4

BIG CYPRESS CREEK AT US 259 13631 0404 R5 RT 4 4 4

BIG CYPRESS CREHHIOWF WALKERS CREl 22423 0404 WMS BS 2 2 2 2
BIGCYPRESS CREEK NEAR GREASY CREH 16458 0404 WMS RT 4 4 4 4
TANKERSLEY CREEK AT FM 3417 10261 0404B WMS RT 4 4 4 4

HART CREEK AT CR 4550 10266 0404C WMS RT 4 4 4 4

LAKE DAINGERFIELD AT HEADWATERS 17337 0404N R5 RT 4 4 4

LAKE CYPRESS SPRINGS AT FM 115 10313 0405 R5 RT 4 4 4

LAKE CYPRESS SPRINGS NEAR DAM 10312 0405 R5 RT 4 4 4

BIG CYPRESS CREEK AT CR SW 3170 22151 0405A WMS BS 4 4 4
BLACK BAYOU AT CR 4659 10314 0406 R5 RT 4 4 4 4 5
BLACK BAYOU AT SH 43 10318 0406 R5 RT 4 4 4 4 5
JIMS BAYOU AT SH 43 14976 0407 WMS RT 4 4 4 4

15
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Site Description Station # | Segment| Collector | Type Field Conv | Bacteria| Flow ZggR ALM
LAKE BOB SANDLIN AT FM 21 16158 0408 R5 RT 4 4 4

LAKE BOSANDLIN AT MID DAM 10329 0408 R5 RT 4 4 4

LITTLE CYPRESS BAYOU AT US 271 16017 0409 R5 RT 4 4 4 4

LITTLE CYPRESS BAYOU AT US 259 16861 0409 R5 RT 4 4 4 4

LITTLE CYPRESS CREEK AT US 59 10332 0409 R5 RT 4 4 4 4

LITTLE CYPRESS BAYOU AT SH 154 22455 0409 R5 RT 4 4 4

LILLY CREEK AT FM 556 20153 0409A WMS RT 4 4 4 4

SOUTH LILLY CREEK AT FM 2454 17954 0409B WMS RT 4 4 4 4

LAKE GILMER AT MID DAM 17478 0409D R5 RT 4 4 4

LAKE GILMER AT FM 852 18825 0409D R5 RT 4 4 4

BLACK CYPRESS BAYOU AT SH 11 10247 0410 WMS BS 4 4 4
BLACK CYPRESS BAYOU AT SH 11 10247 0410 R5 RT 4 4 4 4

BLACK CYPRESS CREEK AT SH 49 10243 0410 R5 RT 4 4 4 4

BLACK CYPREREEK AT CR 2924 21729 0410A R5 RT 4 4 4 4

Figure9: FY2024 monitoring schedule in the Cypress Creek Basin

16



2024 Cypress Creek Basin Highlights Report

['Y9 hQ ¢19 tLbo{ 2

Segment narrativesforthe I 1S h Q ( KS Heding & the headwafeNBIBI§ Bypress
/I NBS1 YR F2ftf26a (KS ghopulstiddcenters hglude2Mt. Pleagagt h Q
(pop. 16,273), Pittsburg (pop. 4,707), Daingerfield (pop. 2,460), and Ore City (pop. 1,204).

The watersheds composed of fousegments:

1 Segment 0405 Lake Cypress Springs

1 Segment 0408 Lake Bob Sandlin

1 Segment 0404 Big Cypress Creek below Lake Bob Sandlin
f Segment 0403 [F1S hQ GKS tAySa

Major tributariesti 2 [ I 1 S hnBudéBig Eypted€reé&k@404), Tankersley Creek
(0404B), Hart Creek (0404C), Dry Creek (0404E), Sparks Branch (0404F), and Prairie Creek
(0404J)Reservoirs in the Lake(Ibe Pines Watershed include Lak&l Pines (0403), Ellison
Creek Reservoir (0404A), Welsh Reservoir (0404D), Lake Dangerfield (Q484N)ypress
Springs (0405}),ake Monticello (0408A), and Lake Bob Sandlin (0408).

FigurelQ: Stream flow measurement at station 15260 in Segment 0405A
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UNCLASSIFIEREGMENTD405A¢ BIGCYPRESGREEK

Big Cypress Creek originates in Hopkins County near the Franklin County line and flows
southeast into Lake Cypress Sprinfse current is assesment is based upon data collected at
station 15260, located ostate Highway3H 37 between Mount Vernon andlVinnsboro,and
from station 22151, located upstream on County Road SW.R&@ular sampling at station
15260 began in FY 20gment 0405Avas listedas impairedn the 2022 Texasg303(d) List

for bacteria and dissolved oxygen. The geometric nedhe bacteriasamples collected

during the assessment period wa83 MPN/100 ml_well over the 126 MPN/100 mL geometric
mean criterion About10 percentof the dissolved grab samplésl below the 2 mg/L criterion
with an averag of 1.0mg/L.

The2022 IRalso includd aconcern for screeing level for dissolved oxygemd chlorophylb.
Eighteen percenof the dissolved oxygen grab samples were below the 3.0 mg/L screening
level All but three of the seventeenchlorophylla results exceeded the seening level ofl4.1
pg/Lwith an average of 30.78 pg/L.

Due to the typically low flow conditions at the SH 37 location, low dissolved oxygen values were
often obtained during periods of low flow. Stream flow undesubic feet per seconcfs) was
reported for overone-third of the site visits, and less than 2 cfs were measured at nearly half.
Discussions about the representativeness of station 15260 were held at coordinated monitoring
meetings. After reviewing historical data, the Coordinated Monitoring Committee dgree

move the station upstream to a siteahhad more representative conditions to address the DO
impairment. Diel monitoring at station 22151 at CR 3170 commenced in FY 2019. Out of seven
diels conducted during the assessment period, only one efrent October 2019 did not meet

the 24Hour DO Average and Minimum criteria. A flow measurement of O cfs was reported for
this diel. Of interest, dissolved oxygen met its criteria ewdrenthe stream was flowing at only

0.1 cfs. Similar results have been found for diels conducted it #02ugh2023.

UNCLASSIFIEEEGMENTD405Bc PANTHERREEK

Panther Creek rises near Purley in Franklin County. The stream, which is intermittent in its upper
reaches, originally ran southeast for 6.5 miles to it confluence with Big Cypress Creek before Lake
Cypress Springs was impounded in 19h@2022 IRshowed a concern for impaired habitat. No
samplinghas been conductenh thisstreamsince 2002and nones presently scheduled.

Thesetwo streams are the primary tributaries to Lake Cypress Springs.
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LAKE CYPRESS SPRINGS 5N IMPAIRMENT STUDY

Lake Cypress Springs is located approximately eight miles south of Mount Vernon in Franklin

County TexasThe reservoir impounds the upper reach of Big Cypress @nekkas been

voted byD Magazind & GG KS Y2ad oS|I dzi A F dzour fadoriteSakeainst ¢ SE | & ¢
ashort drive from Dallagé ®he watershed is primarily rural though many niewmuryhomes

have been constructesh the areaover the past decade.

The reservoir is owned and operated by the Franklin County Water District (FCWD) for the
purposes of municipalkater supplyand public recreationThe FCWD maintains several boat
ramps as well as six parks, which includes campgrounds and RV parks. Walleye Park is the
largest park and has a number of tent camping spots, RV pads with water and electrical
hookups, a pavilion, restrooms, showers, dumgitisin, and boat ramp.

Authorizationfor constructing the dam and impounding up to 72,800 aeret of water was
granted on November 10, 1966. Construction commenced in July 1968 and was completed in
February 1971. Théexas Parks and Wildlife Departm§fPWD) reports that the watershed

area is approximately 75 square miles and has a shoreline length of 43 miles. The shoreline is
highly developed with over 800 docks and boat houses.

Figurel2: Drop inlet water release structure at Lake Cypress Springs dam
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TheFranklin County Dam, agarth-fill embankment dam, is 5,230 feet long with a top crest
elevation of 395 feet. The uncontrolled emergespyilway is excavated on natural ground to

the north side of the dam and has a crest elevation of 385 feet. The service spillway is located
near the south end of the main embankmeandwater is dischargethroughan uncontrolled
rectangular drop inlet measuring 23 by 23 fétater isonly releasedwhen the lake level

exceeds the normal conservation padévation 0f378.0 feet.The fixed structure has no valves

or gates to adjust the rate of releases from Lake Cypress Springs. As a result, floodng in th
watershed in December 2015 caused damage to homes and property along the shoreline.
Water released from the reservoir flows directly irttee headwaters of.ake Bob Sandlin.

Based on the 2007 volumetric survey by thexas Water Development BoafEWDB), the lake
has a total storage capacity of 66,756 afwet, encompassing 3,252 surface acres, at the
conservation pool elevation of 378.0 feet. This survey estimated that sediment was filling the
reservoir at a rate of approximately 100 adeet per year.
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TheTPWDreports thatLake Cypress Spriniggs an average annual water level variation of 2 to

2.5 feet. Lake level data compiled by the TWDB shows that the lake historically fills in the winter
and spring months and reaches its lowest levels in the late summer and fall. From 1998 through
2022, theTWDB reported that the median percent full has ranged feolow ofaround 95% to
100%full. A relatively dry fall and winter in 2021 caused the levels to decline below 90% full at
the beginning of 2022. The lake somewhat recovered in the spring but declined through the
summer due to drought. Lake levels recovered in the wintedQ#2 when normal amounts of
rainfall returned to the region. The lakeached conservation pool in February 2023 and
remainedat or nearl00% full throughmost of Juf 2023before declining due to the lack of
significant rainfall in late July and August
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Figurel4: TWDB Lake Cypress Springs historical lake elevation
Watershed

The mostly rural watershed of Lake Cypress Springs is approximately 75 square miles and is
located in the Pineywoods ecoregion while its western tributaries extend into the Post Oak
Savannah ecoregion. Much of the watershed immediately surrounding thedd&eested,
although the western portion includes unimproved and improved pastures used for poultry,
cattle, and hay production. All residential waste is treated usingitaseptic systems.
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Permitted Discharges

There are no permitted municipal or industrial wastewater treatment outfalls in the Lake
Cypress Springs watershed. Two permit@uehcentratedAnimal FeedingOperations are

located in the northwestern portion of the watershed. Runoff from these operations flows into
tributary streams of Big Cypress Creek before entering the western portion of the reservoir.

Drinking Water Supply

Lake Cypress Springsrves as a drinking water supply for approximately 21,000 residents
located in the cities of Mount Vernon and Winnsboro, and for residents in the unincorporated
areas of Franklin County, and portions of Hopkins, Wood, and Titus counties. The Cypress
Sprigs Special Utilities District (CCSUD) supplies water to most of this population, serving
almost 15,000 peoplacross 344 square miles

Water Monitoring Solutions, Inc. met with Kevin Spence, CCSUD General Manager, to discuss
changes in Lake Cypress Springs water quality and treatment processes during his tenure with
GKS RAAGNAOG 6KAOK SEGSYRA (2 hdiaduntbflcheficalm by n Qa
used to treat Lake Cypress Springs water to meet drinking water standards has not significantly
changed over the years. With the exception of switching from the use of chlorine to

chloramines to reduce the potential production ofitalomethanes, no major changes to the

treatment process have been necessary during his-tiegade tenure with the organization.

According to the most recemWDB Water Use Suryeslightly more thar2,500 acrefeet of
water was withdrawn from the reservoir for drinking water production in 202k arhount of
water withdrawn in 2021Irepresents less than four percent ité total storage capacity.
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Figurel5: Spring at roadside park on SH 37 near Lake Cypress SpringsLi&2d62

Groundwater

Lake Cypress Sprinigss over the CarriziVilcox Aquifer, a major aquifer, which generally
follows along the path of Interstate 30 from Texarkana to Sulphur Springs before turning
south/southwest towards San Antonio and eventually to the Rio Grande near Carrizo Springs.

Although no quantifiable data have been discovered, conversations with local residents suggest

that as many as 1,000 springs, primarily located near/in the West End to the Midlake region of

the reservoir, were inundated by the construction of the reseryvaird contributions from the

springs were once believed to be the reason that the water was colder than other reservoirs in

the region. In factLake Cypress Springs- & a i 201 SR ¢6AGK gl ffSeS o0GKS
Walleye Park). Unfortunately, the wateras not cold enough to support a sustainable walleye

fishery.

Since the land in that area is primarily sandy loam and has historicallyuseerforagriculture
and silvicultureg a question has been raised about the possibility of the shallow groundwater
being contaminated with nitrate singewill migrate through sandy soils into tishallow
groundwateror alluvium
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The TWDBnaintains agroundwater databasthat includes alfecordsof wells drilled across

the state. According to the TWDB si#d,wells have been drilled in the watershed near the
NBaSNIB2AN aAyOS GKS S| Mas®dniyweden refodelbr ténodidost af | G S NJ |j
these wells were 350 to 450 feet deep and the majooityhe results were from samples

collected prior toor within a few years athe construction of the reservoir. At present, the only

active well being used for water supply is Well #1763501 which is owned and operated by

CCSUD. According to the CCSUD, the other welie areaare no longer in uséavebeen

capped or have beerremoved.

The CCSUD water well in current use was drilled in 1985 to a depth of 440 feet. Water quality
samples are collected every four years as required by TCEQ. Laboratory results are available on
the TWDB website for samples collected in 2006, 2010, 2014, 30688022 Dissolved nitrate

values were reported below the detection limit in all years except 2018. The 2018 dissolved
nitrate result was 0.053 mg/L. Dissolved phosphorus had a mean of 0.24 mg/L while the
average pH for the five samples was 7.99 s
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Figurel6: Groundwater wells around Lake Cypress Springs

Well #1762602 is a spring located on SH 37. In the past, this spring served as a source of

drinking water for nearby residents as well as for those traveling on the highway. A basin to

contain the spring water was constructed by the Civilian ConservafloNLJa Ay (G KS wmdo n
the Texas Department of Transportation currently operates a rest area at this location. The
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results of two water testsvere available in the TWDB database. Samples were collected in June
1942 and in March 1993. Dissolved nitrate from the 1993 test was 17.68 mg/L and had a pH of
5.41 s.u. while dissolved nitrate was 11 mg/L in 1942.

Since theravere no water quality data available from shallow wells, the question of nitrate
transport into the shallow or alluvial aquifeowld not be answered.

InvasiveAquatic Species

The most recent vegetation survey was performed by TPWD in August 2022. Tim Bister,
Marshall District Supervisor, reported that the reservoir has remained relatively free of invasive
aguatic vegetation and that hydrilla has not been detected in severaby®#ore information

about their work is available in tH&23 Cypress Creek Basin Highlights Report

Potential Future Impacts to Water Quality

Development of largecale industrial solar farms has beengwing in the region over the past

few years. At present, there are several solar farms being proposed in Franklin County including
some within the watershed of Lake Cypress Springs. Some estihatas much of on¢hird

of the agricultural land in Franklin County may be converted into solar farms. Construction of
these farms can result in increased runoff of sediments and are potential sources of
contaminants causing negative impacts to wataaliy.

Recently, extensive lithium deposits have been discovered in the Smackover Formation that
extends from Mount Vernon east to the state lines with Arkansas and Louisiganalard
Lithiumestimates that this formation could have the highgsade brine resource of lithium in
the United States. At the time of this writing, plans for the development of lithium mining are
underway.
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BACKGROUNINFORMATION

Located on the west side of Lake Cypress Springs, Big Cypress Creek is a significant contributor
of water to the reservoir. Segment 0405A of Big Cypress Creek originates in western Hopkins

County and flows through rural areas with limited residential depeient. Land use is largely
agricultural and primarily used for dairy, cattle, and poultry production. Much of the
pastureland is improved for grazing and hay production. The use of poultry litter and
commercial fertilizers is common throughout this wateed to improve coastal Bermuda hay
yields. Due to the rural nature of the watershed, all residential waste is treated {syt®@septic
systems.

Figurel?: Satellite image of the Big Cypress Creek watershed

Segment 0405B Panther Creek is another source of irdhahis in the nortkcentral portion of
the lake.Althoughno concerns for nitrate, ammonia, or total phosphorus were shown in the
2022 Texas Integrated ReppBig Cypress Creek had a concern for chlorophylhis concern
was the result of fourteen out of seventeen samples collected during the assessment period
exceeding the 14.lig/L screening level with an average of 30ug8L. Regular samplirfgr
laboratory parametersiad been ciectedin Big Cypress Creakstation 15260locatedat SH
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37, from 2008 through June 20ZBield parameters and diels are currently conducted at station
22151, located at County Ro&¥V 3170No sampling has been conducted in Panther Creek
since August 2002.

The TCEQ Region 5 (Tyler) office samples Lake Cypress Springs on a quarterly basis. The
reservoir wa first listed as impaired for high pH in th@12 Texas 8303(d) Lastd for excessive
algal growth in 2016The 2022 IR included the new 5n impairment for excessive algal growth
along with the high pH impairmentis all assessment unitsh& Draft 2024 IR removed the high
pH impairment for assessment urfAU) 040502 because sampling data met thggh pH
criterion during the assessment period.

Statistically significant increasingssolved oxygeand pH trends were identified at station
10313 in the2009 Cypress Creek Basin Summary Repand analyses were performed on
data collected between January 1972 and August 2007. It should be noted that the pH trend
did not continue into the 2014 or 2019 analysis.

2009 Basin Summary Report
Station 10313 pH

1’0 ® | Tstar 3817 o
6.5 p-value:<0.001
o
6
5.5

Figurel8: pH trend in 2009 Cypress Creek Basin Summary Report

Approximatelytwenty percentof the average mixedurfacelayerpH measurement the
2022 IR exceedetthe 8.5 s.ucriterion at all stations in Lake Cypress Sprifigse highest pH
reported was 9.2 s.lA review of all historical data in the TCEQ database revealedHbat t
highest pH valuef 9.5 s.uwasreported in August 2013 at station 103h2ar the Danand at
station 17548n the Panther ArmFor station 10318Midlake) the maximumvalue of 94 s.u.
wascollected in May 2010.
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Using the results from station 10312e2022 Texas Integrated Repartassified Lake Cypress
Springs as eutrophic and ranked the reservoir in thettognty-five percent of reservoirs
statewide for chlorophyl& despite having relatively low phosphorus concentratiofise mean
chlorophylla concentration during the assessment period was 24102 while the mean
transparency was 1.14 meters.

Gontributors of oxygen into the water column, such as phytoplankton and aquatic pleers

raise the amount of oxygen above saturation during photosynthesis. If the primary contributor
of oxygen is from phytoplankton, then these organisms along with bacteria, can cause oxygen
to rapidly decline during nighttime respiration.

AlthoughDOconcentration (mg/L) is used for assessment purposes, DO percent saturation is a
useful indication of gmary productivity. DO concentration is a calculated parameter based
uponthe percent saturatiorof oxygen temperature, and salinity@uper-saturatedDO

conditionsare alarmingsince &arge diel changes iDOcan stress the organisntigingin the

water body. During peak hours of photosynthe®i§may become supesaturatedto levels

high enough to cause fish killSxygen is consumebly aerobic organiasthrough respiration

which can cause DO fall to levels low enough to cause fish kills.

In eutrophic reservoirs, algae and other primary produaansconsume the available carbon
dioxide (C@) during the process of photosynthesis. Once the available carbon dioxide is
exhausted, a COnolecule will be broken away from carbonic acid, thereby increasing the pH in
the water column. After sunlight is no longer available for photosynth&€ssreleased through
respiration will bond with hydrogen to form carbonic acid, thereby decreasind bid.pH

cycling phenomenon can be assumed in Lake Cy@mssgs since all of the grab samplsgd

in the assessmemvere collected between 10 AM and 2 PM, the peak hours of primary
productivity. However, without diel data, pH cycling cannot be demonstrated, nor the pH range
calculated. The pH cycle is especially pronounced in waters with low alkalinity, sihcises

found inLake Cypress Springs

Dissolved oxygen percent saturation is a useful parameter to evaluate relationships between
DO and pH and between DO and chloropaylTheTCE@R5does notregularlyreport DO

percent saturation tdhe Surface Water Quality Monitoring Information System database.
WMSreversed the algorithm to calculate DO saturation from concentratiowrite the 2019
Cypress Creek Basin Summary Rep@tpercent saturation results were compared with the
high pH readingé> 8.5 s.u.)n Lake Cypress Sprirfgs datareported from 200l through 2017.

All but one of the high pH measurements coincided vidtBsaturation values abovene

hundred percentThat lone reading was 99@&rcentDO saturation. For all sites in the
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reservoir, the correlatioroefficientbetween pH and DO percent saturation ranged from 0.81
at station 17548n the Panther Arnto 0.83 atthe Midlakestation 10313.

A review of the surface data collected by TCEQ Region 5 between 2017 and 2023 showed that
pH has continued to exceed the high pH criterion at station 1B&2n) One high pH reading

was reported in each year from 2019 to 20E&ch high readingras recorded during the warm
weather months of June through September. No high pH values have been reported at station
10313(Midlake)since October 2018. No sampling has been conducted at station 17548
(Panther Armisince March 2017. All high pH surface values reported in Lake Cypress Springs
are compared with the DO percent saturation in the following graph.

Lake Cypress Springs
High pH versus DO Saturation
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Figure19: Comparison of pH and DO percent saturation from 2000 through 2023

The correlatiorcoefficientbetween pH and chlorophydl data reported from 2000 to 2018 a%
not robust and only ranged from@ to 0.3. The correlatiorcoefficientbetween DO percent
saturation and chlorophyd was slightly lower. Although the correlati@oefficientswere low,
these results dl not necessarily negate that the cause of high pH was eutrophication. By
following the TCEQurface Water Quality Monitoring Procedures, Volumallisurface water
grab samples in reservoirs are collected atid&er below the surfaceAlthoughmost other
laboratory parameters are subject to diffusion, moving from high concentration to low
concentration, phytoplankton are motile organisnifie movement of pytoplankton vertically
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through the water columrno a depth that is most suitable for photosynthesis and reproduction
is well documented in the literatureThat depth maypossiblybe well above or below O-Beter

at the time of samplingvhich may explain the lack of strong correlations between chlorophyll
and DO or pH

A review of data collected since 2000 showed that chlorog@higligenerally trending higher
across the reservoir, although not astatistically significant rate. The historical average
concentration at the Dam station 10312 was 2diL and 29.4ug/L at the Midlake station
10313. Of note is that the mean chlorophgNalues for samples collected from 2004 to 2013
and from 2014 to 2023 were quite different. For the Dam station, the mean chlorogphsgiult
was 18.6ug/L for samples collected from 2004 to 204r3d 27.0ug/L for those obtained from
2014 to 2023. Fahe Midlake station, the average chlorophgivalue was 28.3g/L in the
previous decade and 361/L in the current decadeChlorophylla at both stations were
slightly correlatedo TKN with coefficients of 0.35 and 0.2fdinversely correlatedo Secchi
transparency at0.50 and-0.40.

Lake Cypress Springs
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Figure20: Chlorophyll a sample results from 2000 through 2023
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began developingumerical nutrient criterido include in theSurface Water Quality
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Standardsn the early200QQ, &stablishing its first nutrient criteria development plan in 2001.
TCEQ has updated that plan several times, most recently in 20ddgidination with EPA, an
advisory workgroup, and through other public meetings and forums

In 2010, TCEQ adopted reservsprecific numerical nutrient criteria for 75 reservoirs into

Section 307.10 (Appendix F) of th@10 Texas Surface Water Quality Standards. Ttréeeia

were intended to maintain existing water quality and to protect the kbeigm existing

conditions in these reservoir§he objectives of theaumeric and narrative criteriareto

preclude excessive growth of aquatic vegetatamd are also intended to protect multiple uses
such as primary, secondary, and noncontact recreation, aquatic life, and public water supplies.
In July 2013EPA approved the adopted criteria for 39 of the 75 reservoirs, whose anere

first used for assessment purposes in 20lke 36 EPA disapproved reservoirs were
subsequently removed from consideration in the 2018 Standards revision and are currently
under review by TCEQ.

Lake Cypress Springs is the only reservoir in the Cypress Creek BakiRAsifiproved

numerical nutrient criteria. Unlike other reservoirs in the basin, Lake Cypress Springs has
reservoirspecific numerical criteria assigned for chloroplylnd narrative thresholds for

total nitrogen, total phosphorus, and Secchi transparency. The chlorephyilerion was

based upon ambient data collected between July 1990 and October 2008. Using several factors
to evaluate the water quality in Lake Cypress Springs, the EPA agreed that these criteria were
protective of the water quality aaditions in the reservoir. It should be noted that the

assessment of the reservoir is based only upon the results collected at station 10312, located
near the dam, and is assessed using the following values:

1 Chlorophylia 17.54ug/L
1 Total Nitrogen 0.8 mg/L
1 Total Phosphorus 0.03 mg/L
1 Secchi 1.19m

As part of the2022 Texas Integrated Report of Surface Water Quatiey TCEQ revised their

assessment methodology for the 39 reservavith EPA approved chlorophylcriteria. The

ySs6 YSGK2R2t 238 &Gl SRS al fchlordgiyltabriveliva WNnH S EOS S
0S AYLI ANBR FYR ARSYUGATASR BBOI2ZSIANRILIEE NTGA vAID:
created for reservoirghat do not meettheir applicable chlorophy# criterion, butan

additional study is needed to verifigat the exceedance is associated with causal nutrient

parameters or impacts to response variables. Due to exceedances in its chloeypbidl

nitrogen, total phosphorus and Secchi transparency values as part @02 Texas Integrated
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Report for Surface Water Qualityake Cypress Spring was one of the first reservoirs to fall into
category 5n within the state and became a candidate for this special study.

SECIASTUDYDESIGN

This is the very first 5n impairment study in the state of Texas. The special study of the 5n
impairment for excessive algal growth in Lake Cypress Springs was designed to identify
potential sources of the impairmentake Cypress Springcomprised of three assessment
units:

1 AU 0405 _01 From the confluence with an unnamed tributary NHD RC
11140305002717 upstream 37.2 km (23 mi) to Lake Bob Sandlin

1 AU 0405_02 Upper 2,600 acres

1 AU 0405 _03 Panther Arm

The project included monthly sampling for one year (September 2022 through August 2023) in

each of the three assessment units plus a station located in the western end of the reservoir in

AU0405_02. Although the West End station (20346) is in a transition zone and is not

representative of the assessment unit, this area was widely believed to receive much of the

nutrient loading to the reservoir due to contributions from Big Cypress Crealpl®g was

conducted at the following stations:

Assessment Unit Location Station Number(s)
AU 0405_01 Dam 10312

AU 0405_02 Midlake; West End 10313; 20346
AU 0405 _03 Panther Arm 17548

Figure21: Table of assessment units astdtion numbers and locations

Sampling included the collection of field and laboratory parameters at each of the four stations.
Field parameters consisted of depth profiles for DO, pH, conductivity, and temperature along
with observations of transparency, lake and weather conditionsd, \&ater color. Laboratory
samples were analyzed for the nitrogen suite (ammonia, nitrite, nitrate, total Kjeldahl nitrogen),
total phosphorus, total alkalinity, sulfate, chloride, pheophwjrand chlorophylh. Total

nitrogen was calculated by addingetinesults of nitrite, nitrate, and total Kjeldahl nitrogen.

Depth profiles and field observations were recorded at the time of laboratory sample
collection.

Monthly diel monitoring was conducted in each assessment unit. Dissolved oxygen, pH,
conductivity, and temperature were recorded every fifteen minutes for a period of twénty
hours. Water quality sondes were deployed on buoys to maintain the instrument whkin t
mixed surface layer. Both the sondes and buoys were retrieved from the reservoir after each
deployment.Diels were not conducted at the West End station since it is in the same
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assessment unit as the Midlake station and because it is not representative of the assessment

unit due to being in a transition zone.

¢
Segment 0405 | 3 ot
g SR :m,l) Mt Vernon ¢ CAFO
. i - = WWTP Outfall
Lake Cypress Springs unscedpoicos s
I Forest
- Developed/Urban -
.fv../"‘ ‘\"\ %
i e L IS
‘ ) 3 Mafors o
\,\.
w ‘. i % ey
T 04058 N Macon
305 6 T N
17548 N
(37 @ N
( + ' AR =
f ; L(l.(f Cypress 10312
I Springs
X 10313 L
\ ! 20346 @ o)
|301% @ o
o A = Lake Bob
| M\‘ mosa_,"'""@z:"f?% r/ Sandlin
B b, Y e '
'q;:m 3357
L\ 1519
Comlupwlle -~
S
s 2
Fan S J
ot o S A N
//ﬂ.v/ ¥ Scrogqins
Y
1 TTes2)
f"”-’ ! Pineview
~J 0 SMiles AT N
| | 3
pastrigt Stout Soutces: B4 HERE: Gormin. FAD; NDAKX USGS, & l?n-:n".l'--("UW?"‘.M;..HM' :
/ arid the GIS User Community

Figure22: Map of Lake Cypress Springs watershed and monitoring stations
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Mean dailylake elevatiorand rainfall is recorded by the U.S. Geological Survey at their station
(#0734448% located at the dam. Due to heavy rains in August 2022, the lake level began to
recover from its minimum elevation of 374.98 feet and reached its conservation pool level of
378.0 feet in February 2023. The lake remained near or above its conservatiaimmamgh the
middle of July 2023. The lake level began to decline due to the lack of significant rainfall after
July 16, 2023.

Lake Cypress Springs
Mean Daily Elevation
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Figure23: Lake Cypress Springs mean daily elevation
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The table below shows the monthly rainfall totals during the study period and the average lake
elevation by month during the study period. Because August 2022 had the lowest lake level
since 2014, those data were included to illustrate the lake recovefyiteonservation pool.

Month Rainfall (in.) Mean Elevation (ft.)
August2022 8.02 375.41
September2022 0.48 375.89
October2022 4.70 375.40
November2022 5.13 375.85
December2022 3.84 377.19
January2023 1.83 377.48
February2023 4.18 378.56
March2023 2.79 378.35
April 2023 4.71 378.31
May 2023 3.66 378.42
June2023 5.24 378.19
July2023 4.69 378.11
August2023 0.07 377.54

Figure24: Rainfall and mean lake elevation during the study period

Figure25: Monitoring buoy deployed in the Panther Arm
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RESULTS AND DISCUSSION

Monthly sampling commenced in September 2022 and emspleted in August 2023.
Sampling was conducted under ambient conditions and on dates when weather did not present
any additional safety concerns. The following table lists the dates that sampling was conducted.

Samping Dates
2022 2023
September 2728 | January 45 May 16- 17
October 30- 31 February 5 6 June 21- 22
November 21 22 March 13- 14 Julyl7¢ 18
December 1415 | April 10- 11 Augustl6-17

Figure26: Lake Cypress Springs 5n Staiypling dates
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Figure27: Homes along the shoreline of Lake Cypress Springs
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AU0405_01¢ DAM STATIONLO312

Nutrient criteria for Lake Cypress Springs are assessed from samples collected at this station.
The mean of the twelve chlorophyisamples collected was 26.Q§/L, exceeding the 17.54

Mg/L criterion. Seven of the samples exceeded the criterion with the highest concentration of
56.3pug/L collected in September 202&Ithough he January 2023 sample was only slightly
above the criterion at 17.6g/L, the February, March, June, July, and August results were
elevated at 24.8, 45.8, 33.10, 47.50, and 4038, respectively. The lowest concentration of
3.03pug/L was collected in April 2023.

All total nitrogen results between September 2022 and February 2023 exceeded the 0.8 mg/L
screening threshold. None of the results from samples collected in March to June 2023
exceeded the threshold. The average of all samples was 1.05 mg/L and rangér@domg/L
(June 2023) to 1.45 mg/L (November 2022).

Total phosphorus concentrations averaged 0.034 mg/L and were above the screening threshold
of 0.03 mg/L for seven results. Samples ranged from undetectable (<0.02 mg/L) in December
2022 to 0.0483 mg/L (October 2022). Samples collected in November 202, ldiagt, June,

and August 2023 were also below the screening threshold.

Station 10312 Dam
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Figure28: Station 10312 chlorophyll a and nutrient sample results

Secchi transparency had a mean of 0.83 m and ranged from 0.55 m in September 2022 to 1.20
m in December. The December result was the only value recorded above the 1.19 mg/L
screening threshold.
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Field parameter profiles were collected at the time of sample collection. Profiles were collected
at 0.3meter, 1 meter, and at every following meter to thakebottom. Field parameters were
evaluated based upon the measurements collected in the mixed surface layer. The mixed
surface layer is defined a@ke portion of the water column from the surface to the depth at

which water temperature decreases more than 0.5 °C. The mean of the DO and median pH
readings were calculated for each profile. The totaltthepf this station averaged 12.8 meters

with a minimum of 10.8 meters and maximum of 13.9 meters. The mixed surface layer
averaged 6.7 meters and ranged from 2.0 meters in February 2023 to 13.0 meters in October
2022.

Figure29: Station 10312 near the dam

The average DO in the mixed surface layer met or exceeded the 5.0 mg/L grab screening level in
all months except September 2022 when the mean mixed surface layer DO was 4.7 mg/L. The
0.3meter measurement was 5.0 mg/L while DO ranged from 4.8 mg/L atéiérito 4.5 mg/L

at 7.0 meters below the water surface. The median pH of all mixed surface layer samples was
7.5 s.u. Samples collected in March, May, and July 2023 were the only months to exceed the 8.5
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s.u. criterion with median mixed surface layer pH of 8.7, 8.6, and 9.0 s.u., respectively. In all
cases of high pH, DO percent saturation was over one hundred percent.

Sondes recorded DO, pH, conductivity, and temperature every fifteen minutes for a period of
24 hours. Out of 1,152 values collected during these diels, almosthari(32.2%) of all

readings had elevated p&&.5 s.u). All results collected in March, May, and July 2023 were
reported above the 8.5 s.u. criterion while 23 of the 96 values reported during the September
2022 and 60 out of 96 in the August 2023 diel were Hifd.was greater than one hundred
percent saturation in all cases where high pH wiasesved. None of the diel pH readings
collected from October 2022 through February 2023 or in April and June 2023 exceeded the
criterion.
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Figure30: Diel DO percent saturation and pH at station 10312

It should be noted that thirty diel DO measurements fell below the 5 mg/L criterion during the
September 2022 deployment with a minimum concentration of 4.4 mg/L. Thirteen DO readings
in August2023fell below the threshold with a minimum of 3.9 mg/L. No other DO
measurements wereeported below the criterion during the other deployments. Station 10312
was the only station to have diel DO values reported below 5.0 mg/L.

Correlation analysis was performed to identify relationstbpsveenseveral parameters
including grab, diel, and laboratory daf@O percent saturation and pH were strongly
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correlated during each monthlyiel. The mean correlation coefficient for diels was 0.9. The
highest correlation coefficient of 0.99 was observed in September 2022 followed by 0.98 in
March 2023. The lowest coefficient was 0.78 in November 2022.

Using the mixed surface layer grab results, comparison analysis was conducted on DO percent
saturation to pH, chlorophyd, and Secchi transparency. Values for DO percent saturation and
pH were strongly correlated with a coefficient of 0.90. Both DO percent saturation and pH were
weakly correlated with chlorophydl at 0.39 and 0.49, respectively.

Unsurprisingly, transparency and chloropladlere inversely related with a correlation
coefficient of-0.61. This result suggests that as the concentration of chloroplytireases,
water transparency decreases. Of note was that chlorophiyid a weak inverse correlation
with total nitrogen and total alkalinity, with a coefficient €f.33 and-0.27, respectively.
Chlorophylla and water temperature were correlated with a coefficient of 0.56. This
relationship would be anticipated since primary protiuity accelerates in warmer water.

Figure31: Station 17548 in the Panther Arm
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AU0405 03¢ PANTHERARM STATIONL7548

Although the nutrient criteria are only assessed for samples collected at station 10312, the
results of sampling at the other statiomgere compared with these criteria and thresholds. The
chlorophylla mean for samples collected at the Panther Arm station 1754832a59ug/L,
exceeding both the 17.54g/L criterion and 26.7.g/L screening level used for reservoirs
without numerical nutrient criteriaAll butone of the samples exceeded the criteriomith a
maximum a concentration of 53g/L collected n July 2023while the lowest value of 15.0
pg/Lwascollected in December 2022.
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Figure32: Station 17548 chlorophyll a and nutrient sample results

Ten of the total nitrogen results exceeded the 0.8 mg/L screening threshold with an average of
1.09 mg/L and ranged from 0.71 mg/L (May 2023) to 1.53 mg/L (November 2022).

Total phosphorus values averaged 0.038 mg/L with four results reported below the screening
threshold of 0.03 mg/L. Those samples were collected in December 2022, and in February,
June, and August 2023. Results ranged from <0.02 m@eamber 2022 and August 2023 to
0.0556 mg/L in April 2023.

Secchi transparency had a mean ofdné and ranged from 0.51 m in July 2023 to 0.92 m in
November 2022.
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The total depth of this station ranged from 5.7 to 7.3 meters with a mean of 6.6 meters. The
mixed surface layer averaged 4.4 meters and ranged from 2.0 meters in June 2023 t0 6.0
meters in September and December 2022 and in February 2023.

Similar to station 10312, the average DO in the mixed surface layer met or exceeded the 5.0
mg/L grab screening level in all months except September 2022 when the DO was 4.6 mg/L. It
should be noted that DO in the upper 2.0 meters were above the scre@iegwhile the low

DO values were obtained at 3.0 to 6.0 meters below the surface. The median pH of all mixed
surface layer samples was 7.6 s.u. Samples collected in March and June 2023 were the only
months to exceed the 8.5 s.u. criterion with median eabsurface layer pH of 8.6 and 8.7 s.u.,
respectively. In both cases of high pH, DO percent saturation was above one hundred percent.

Of the 1,152 diel readings collected during the study period, 339 pH measurements exceeded
the 8.5 s.u. high pH criterion. All peladings obtainedn June 2023 were reported over the
criterion, while 93.8 percent of the July 2023 and 82.3 percent of the August pH measurements
exceeded the high pH criterion. None of the diel pH values exceeded the criterion in October
2022 through February 2028 all but two diel measurements with high pH, DO percent
saturation was greater than one hundred percent. Thivge values were near full saturation at
98.4 and 98.9 DO percent saturation. Percent saturation and pH were correlated during all
deployments with a mean coefficient of 0.89 and ranged from 0.59 in November 2022 to 0.99
in September 2022 and April 2023.
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Figure33: Diel DO percent saturation and pH at station 17548
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A correlation analysis of the mixed surface layer grab data was conducted on DO percent
saturation to pH, chlorophyd, and Secchi transparency. Values for DO percent saturation and
pH correlated well with a coefficient of 0.79. Chloroplaydind pH correlated with a coefficient

of 0.60 while transparency and chlorophglinversely correlated with a coefficient €d.54.

Similar to the results found at station 10312, as the concentration of chloropinydreases,

water clarity decreases. Temperature waso correlated with chlorophy#l at 0.65.

Chlorophylla and total phosphorus had a weak correlation with a coefficient of 0.29. However,
it had aninverse relationship wittiotal nitrogen at-0.48. There was no correlation between
chlorophylla and total alkalinity.

Figure34: Station 10313 Midlake
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AU0405 02¢ MIDLAKESTATIONLO313

The mean of the chlorophydl samples collected at the Midlake station 10313 was 44478,
far exceeding both the 17.54g/L criterion and 26.7ug/L screening level used for reservoirs
without numerical nutrient criteria. All samples exceeded the criterion with the highest
concentration of 70.5ug/L collected in October 2022 and the lowest value of 20
collected in May 2023.

Total nitrogen results often exceeded the 0.8 mg/L screening threshold and averaged 1.09 mg/L
for the study period. Total nitrogen ranged from 0.74 mg/L in April 2023 to 1.42 mg/L in
November 2022.

Total phosphorus values averaged 0.053 mg/L, and all results were reported over the screening
threshold of 0.03 mg/L. It should be noted that the November 2022 sample slightly exceeded
the screening threshold at 0.0302 mg/L. The highest concentration elesi@d in March 2023

at 0.071 mg/L followed by 0.0655 mg/L in May 2023.

Station 10313 Midlake
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Figure35: Station 10313 chlorophyll a and nutrient sample results

Secchi transparency had a mean of4n6 and ranged from 0%m in October 2022 to 0.90 m
in February 2023.
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The mean total depth of this station was 5.3 meters and ranged from 4.1 to 5.9 meters. The
mixed surface layer averaged 3.7 meters and ranged from 1.0 meters in February 2023 t0 5.0
meters in December 2022 and in March, April, and August 2023.

The average DO in the mixed surface layer met or exceeded the 5.0 mg/L grab screening level in
all months. The mean of all mixed surface layer DO readings was 8.5 mg/L and ranged from 5.2
mg/L in September 2022 to 12.1 mg/L in February 2023. The mediahgHmnixed surface

layer samples was 7.7 s.u. The only month to exceed the high pH criterion was June 2023 with a
median mixed surface layer pH of 8.8 s.u. while the mean DO percent saturation was 112.5
percent.

On average, over forty percent of the diel pH readings exceeded the 8.5 s.u. high pH criterion
during the study period. A total of 483 out of 1,152 diel pH measurements exceeded the
criterion. All deployments except for November 2022, December 2022, anld2A@3 had high

diel pH readings.
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Figure36: Diel DO percent saturation and pH at station 10313

Unfortunately, a DO sensor failed during the March 2023 deployment, so a comparison
betweendiel pH and DO percent saturation could not be performed. In all other cases of high
dielpH, DO was greater than one hundred percent saturatioel. BD percent saturation and

pH were highly correlated during all deployments with a mean coefficient of 0.97 and ranged
from 0.87 in December 2022 to a perfect 1.00 in September and October 2022 and in January
2023.These dielDOreadings werghe only missing dateof the entire study.
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A correlation analysis of the mixed surface layer data was conducted on DO percent saturation
to pH, chlorophylh, and Secchi transparency. Profile values for DO percent saturation and pH
were wellcorrelated with a coefficient of 0.68. DO percent saturation and pH had weak
correlations with chlorophykh at-0.21 and 0.13, respectively. As found at the other stations,
Secchtransparency and chlorophydlwere inwersely correlated with a coefficient ed.57.
Chlorophylla did not correlate with total phosphorus; however, it had a weak correlation with
total nitrogen at 0.28 and with total alkalinity at 0.47.

STATION20346¢ WESTEND

The West End station is alsoA0405_02 and is in a transition zone of the reservoir. Since the
station is in a transition zone, data collected at this statiolhnot used to assess Lake Cypress
Springs. This station was selected for sampling because it is widely believed that much of the
nutrient input into the reservoir is likely due to contributions from Big Cypress Creek. Diel
monitoring was not conducted at thistation since it is in a transition zone.
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The mean of the chlorophydlsamples collected at this station was 41 8L which was well
above the 26.7g/L screening level used for reservoirs without numerical nutrient criteria. All
results were above the 17.54g/L criterion with September 2022 having the highest
concentration at 65.71g/L. The lowest value of 194y/L was collected in January 2023.

All total nitrogen results exceeded the 0.8 mg/L screening threshold with an average of 1.28
mg/L and ranged from 0.92 mg/L in March 2023 to 2.62 mg/L in December 2022.

Total phosphorus averaged 0.148 mg/L and all samples were reported higher than the
screening threshold of 0.03 mg/L. Samples ranged from 0.0392 mg/L in November 2022 to
0.524 mg/L in December 2022.
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Figure38: Station 20346 chlorophyll a and nutrient sample results

Secchi transparency had a mean of@0v and ranged from 08 m in August2023to 0.70 m in
November 2022.

Total depth averaged 2.4 meters and ranged from 1.4 to 3.1 meters. The mean mixed surface
layer was 1.5 meters. The shallowest mixed surface layer was 0.3 m&eptember through
November 2022. In all other months, the mixed surface layer was 2.0 meters except for May
2023 at 1.0 meter.

The average DO in the mixed surface layer met or exceeded the 5.0 mg/L grab screening level in
all months with a mean of 8.8 mg/L. The lowest mixed surface layer DO was 5.2 mg/L in May

48



2024 Cypress Creek Baditighlights Report

2023 while the highest was in February 2023 at 12.0 mg/L. The median pH of all mixed surface
layer samples was 7.9 s.u. The high pH criterion was exceeded in November 2022 and March
2023 at 8.6 and 8.7 s.u., respectively. The mean DO percent saturatf@nmxed surface

layer was over one hundred percent on both occasions.

A correlation analysis of the mixed surface layer data was conducted on DO percent saturation
to pH, chlorophylh, and Secchi transparency. Profile values for DO percent saturation and pH
were wellcorrelated with a coefficient of 0.75. DO percent saturation and pH had correlations
to chlorophyllaat 0.29 and 0.37. Transparency and chloropaylad a slightly inverse

relationship at-0.22. This was the weakest relationship for all stations. Chloroalmgtl an

inverse correlation with total nitrogen@.42) and with total phosphorus@.37) meaning that

as chlorophylh increases, total nitrogen and total phosphorus concentrations decrease.
Chlorophylla correlated to alkalinity with a coefficient of 0.37.

GOMPARISONS ACRA3KECYPRESSPRINGS
The following discussion is a comparison of the results across all stations in Lake Cypress
Springs.

Only seven of the 48hlorophylla samplescollected during the study period did nekceed the
17.54ug/L chlorophylk criterion with a mean of all samplesf 36.28 ug/L. Thehighest

chlorophylla result of 70.5.1g/L was obtained in October 2022 at thadihke stationfollowed

by 65.7ug/L at the West End in September 2022. All samples collected from both stations were
reported above the chlorophydl criterion. Theaverageresult was 44.73g/L at the Midlake

station while the mean value at the West End station was 4fug/B. The average chlorophwll
concentration was lowest at the Dam at 26 J0§/L followed by the Panther Arm with 32.59

Ma/L.

A singlefactor Analysis of Variance Analysis (ANOVA) test was performed on the chloeophyll
data using an alpha value of 0.05. The results of the ANOVA showed that chloeaisvillts
were statistically significantly different between the stations with-egtue of 0.0267Further
analysisshowedthat the Dam station had significantly lower chloroptagloncentrations than
the other stations, but there waso significant difference between the Panther Arm, Midlake,
and West End stations
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Figure39: Chlorophyll a results by station

Chlorophylla had an inverse correlation with Secchi transparency at all stations. The correlation
coefficients ranged frorr0.61 at the Dam te0.22 at the West End station. The inverse
correlation indicate that asthe chlorophylla concentration increases the transparency of the
water decreases. These resulisre similar to those discussed in the historical data review.

The average water temperature in the mixed surface layer directly correlated with chloraphyll

at all stations. The coefficients ranged from 0.33 at Midlake to 0.68 at the West End station. The
Panther Arm had a coefficient of 0.65 areasthe Dam was 0.56. The direct correlation
suggesedthat as water temperature increases, chloropleylilso increases.

Mixed surface layer DO and pH correlated with chloropydlithough most coefficients were
low. For DO, the Dam station had the highest coefficient at 0.38wte other stations ranged
from -0.21 at Midlake to 0.29 at the West End. A correlation between pH and chlor@pligh
found at all stationsAlthough te Midlake station was very low with a coefficient of Q.t&
West End station was 0.37. The Dam and Panther Arm had stronger correlations with a
coefficient of 0.49 at the Dam and 0.60 in thanther Arm.

All but six of the total nitrogen results were reported over the 0.8 mg/L screening threshold.
Four of those low values were obtained at tham station in March through June 2023 while

two were collected at the Panther Arm station in May and June 2023. The highest average was
found at the West End station at B2ng/L. In December 2022, the total nitrogen

concentration was over three times the threshold with 2.62 mg/L followed by 2.11 mg/L in
February 2023. The Panther Arm had the lowest mean total nitrogeoectration of 1.

mg/L followed by the Dam station at H@ng/L.
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Figure40: Total nitrogen results by station

A singlefactor ANOVA was conducted on the total nitrogen data and no statistically significant
difference vasidentified between the stations. This test was also conducted on the individual
nitrogen series parameters of ammonia, nitrate, nitrite, and total Kjeldahl nitrogen. The
difference between the stations for total Kjeldahl nitrogen was statistically signifiwith a p
value of 0.0264. When removing the West End station from the analysis, there was no
significant difference between the stations. Beeresults may be influenced by the outlier
samples collected at the West End station. It should be noted that since less than half of the
ammonia and nitrite results and just over half of the nitrate samples were reported above the
laboratory quantitationlimits, significant differences between the stations would not be
anticipated.

Total nitrogen inversely correlated with chlorophglat all stations except for Midlake. The
coefficients were0.48 at the Panther Arm;0.42 at the West End, and).33 at the Dam. These
resultswere in contrast with the historical data review where total Kjeldahl nitrogen was
directly correlated to chlorophyi at the Dam and Midlake stations.

Ninetotal phosphorus samples were reported below the 0.03 mg/L screening thresliadcbfF

the low results were obtained at the Dam statj@mdfour were collected in the Panther Arm.
Similar to total nitrogen, total phosphorus was highest at the West End station with a maximum
concentration of 0.524 mg/L in December 2022 and with an average d L. The

Midlake station had a much lower average at B@&g/L, but higher than the averages at the

51



2024 Cypress Creek Baditighlights Report

Dam and Panther Arm station. The Dam station had the lowest mean concentration &t 0.03
mg/L closely followed by the Panther Arm at 0.038 mg/L.
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Figure4l: Total phosphorus results by station

A singlefactor ANOVA wasonducted on the total phosphorus results and statistically
significant differences were identified between the stations with~aapue of 0.0007. After
removing the West End station from the analysis, the difference continued to be statistically
significant with the same pvalue of 0.0007.

Total phosphorus had an inverse correlation with chlorophgl the West End station with a
coefficient of-0.37. There was no correlation found tite Midlake or Dam stations; however,
the Panther Arm had slight correlation with a coefficient of 0.29.

Mean S=cchi depth wagreatestat the Dam station at B3 meter. This station alsbad the
greatest rangef measurement$rom 0.55 neter in Septembef022to 1.20 metersin
December2022 The Panther Armtationwassecondwith a meantransparencyof 0.60 meter
and ranged from &1 meterin July 2023and April2023to 0.92 neterin November2022 The
Midlake stationhadan averagesecchi transparenayf 0.64 meter and rangel from 0.6 min
October 20220 0.90 meter in February 2023TheWest End stationhad the leastransparengy
with ameanof 0.40 meter and ranged from 08 meterin August 20230 0.70 neterin
November2022

52



2024 Cypress Creek Baditighlights Report

Secchi Transparency
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Figure42: Secchi transparency by station

A singlefactor ANOVA was conducted on Secchi transparency and statistically significant
differences were identified between the stations with arplue 0f3.853E07. After removing

the West End station from the analysis, the difference continued to be statistically significant
with a pvalue 0f0.0132

Total dkalinitywas consistentacross.ake Cypress Springsd ranged from @.1to 52.8mg/L
with a mean of 8.73 mg/L TheDam station had the highest mean &9.49 mg/Lwhile the
West Endstationhad the lowestiverage aB843 mg/L.

Chlorideand sulfate had little variationacross alltmtions with meansof 13.16 mg/L and13.36
mg/L, respectivelyThe lowest chloride concentration was 10.40 m@hdthe greatest was
13.70 mg/L. Both samples were collected at the West End station. The lowest sulfate
concentration of 10.70 mg/L was collected at thamstation while the highest concentration
was collected at the West End with 17.40 mg/L.

The mean total depth of each station ranged from 2.4 meters at the West End to 12.8 meters at
the Dam station. The Panther Arm averaged 6.6 metmdthe Midlake station had a mean

depth of 5.3 meters. The mixed surface layer was, on average, deepest at the Dam at 6.7
meters and shallowest at the West End station with a mean of 1.5 meters. The Panther Arm
and Midlake stations had similar mean mixedfage layers of 4.4 and 3.7 meters, respectively.

In September 2022, the average DO in the mixed surface layer fell below the 5.0 mg/L grab
screening level at the Dam and Panther Arm stations. The mean dissolved oxygen concentration
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was 4.7 and 4.6g/L, respectively. All other grab samples measured in the mixed surface layer
were above the 5.0 mg/L screening level throughout the study period.

The median pH in the mixed surface layer was below the 8.5 s.u. high pH criterion during most
months across the reservoir. In total, eight median pH grab readings exceeded the criterion
during the study. Three of these values were recorded at the Danostathile two high pH

grab measurements were reported at the Panther Arm and at the West End station. Only one
pH grab exceeded the criterion at the Midlake station. The highest mixed surface layer median
pH was recorded at the Dam station in July 2023.@tsu. In all cases of high pH grab readings,
DO percent saturation was reported over one hundred percent.

Singlefactor ANOVA analyses were conducted on the average mixed surface layer DO and
median pH measurements. No statistically significant differences were identified between the
stations.

Diel measurements were recorded every fifteen minutes over-ad@4 period for a total of

1,152 measurements at each station. The median diel pH ranged from 7.5 s.u. at the Dam
station to 8.4 s.u. at the Midlake statio®imilarlythe mean pH ranged from 7.9 s.u. at the

Dam to 8.3 s.u. at Midlake. At the Dam station, the minimum pH was 6.9 s.u. and maximum was
9.4 s.u. for a pH range of3s.u. For the Panther Arm, the median pH was 7.9 s.u. with a
minimum of 6.6 s.u., a maximum of 9.3 s.u., and rang&®&.u. The Midlake station had the
highest diel pH median at 8.4 s.u., a maximum pH of 9.4 s.u., minimum of 7.2 s.u., and range of
2.2s.U.

High pHduring diel measurementaere mostoften observedat the Midlake sation with 483

out of 1,152readings 41.9 percentexceeding the pH criterioidigh pH measurements were
recorded in nine out of twelve months at this station. The median of the 96 pH readings of each
monthly diel exceeded 8.5 s.u. for five diels ranging from 8.6 s.u. in February to 9.0 s.u. in July
2023.

For the Dam and Panther Arm stationgyshof the highdiel pH measurementsvere collected

during the warm weather months of September 2022 and in March through August Z02B.
pHmeasurementsvere above the criterion in 32.2 percent of the readirajghe Dam station

and 29.4 percent in th@antherArm. The median of the diel pH readings exceeded 8.5 s.u. at
the Dam for three months ranging from 8.9 s.u. in May to 9.2 s.u. in July 2023. The median diel
pH at the Panther Arm was elevated in each of trenths of June through August 2023

ranging from 8.9 to 9.0 s.u.
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Percent of High Diel pH Measurements

Month Dam Panther Arm Midlake
September 2022 24.0% 24.0% 30.0%
October 2022 0.0% 0.0% 26.0%
November 2022 0.0% 0.0% 0.0%
December 2022 0.0% 0.0% 0.0%
January 2023 0.0% 0.0% 35.4%
February 2023 0.0% 0.0% 53.0%
March 2023 100.0% 34.4% 84.4%
April 2023 0.0% 13.5% 0.0%
May 2023 100.0% 5.2% 5.2%
June2023 0.0% 100.0% 92.7%
July 2023 100.0% 93.8% 88.5%
August 2023 62.5% 82.3% 87.5%

Mean 32.2% 29.4% 41.9%

Figure43: Percent of high diel pH measurements by station

High diel pH measurements were most common in the wasather months while no

readings exceeded the 8.5 s.u. criterion in the months of November and December 2022 at any
station. No high pH values were recorded at the Dam and Panther Arm stations from October
2022 through February 2023. The average percentddegh diel pH readings in the warm

weather months of September 2022 and April through August 2023 was 47.8 percent at the
Dam, 53.1 percent at Panther Arm, and 50.7 percent at Midlake. For the cooler months of
October 2022 through March 2023, the avesggercentage of diel pH readings exceeding the
criterion were 16.7ercent at the Dam, 5.7 perceit the Panther Arm, and 33.1 percent the
Midlakestation.
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Figure44: Diel pH measurements by station

A singlefactor ANOVA was conducted on the monthly mean diel DO concentration and median
diel pH value for the three stations. No statistically significant differences were observed
between stations for either parameter.

Figure45: Deploying a water quality sonde at Midlake station 10313
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Diel DO percent saturation and pH values were swetrelated for the entire study period.
Measurements made at the Midlake station had the highest correlation with an average
coefficient of 0.97. These parameters correlated perfectly (1.00) in SeptembeDetober
2022 and in January 2023. Both the Panther Arm and Dam stations had strong correlation
coefficients with averages of 0.91 and 0.89, respectively.

Correlation DO percent saturation with pH

Month Dam Panther Arm Midlake
September 2022 0.99 0.99 1.00
October 2022 0.81 0.67 1.00
November 2022 0.78 0.59 0.99
December 2022 0.90 0.77 0.87
January 2023 0.91 0.89 1.00
February 2023 0.82 0.91 0.95
March 2023 0.98 0.98 X
April 2023 0.97 0.99 0.98
May 2023 0.91 0.96 0.96
June 2023 0.96 0.98 0.96
July 2023 0.97 0.97 0.95
August 2023 0.97 0.97 0.99

Mean 0.91 0.89 0.97

Figure46: Correlation coefficients of DO percent saturation with pH
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CONCLUSIONS

Although nitrate and total nitrogen were relatively abundant at the Dam station with averages
of 0.30 mg/L and 1.05 mg/L, this station had the lowastin concentrations dbtal

phosphorus (0.034 mg/land dlorophylla (26.06ug/L). This station alsbad the highest
transparency (0.83 meter) of all stations.

Sample results from the Panther Arm were similar to those found at the Dam station. The mean
nitrate was 0.30 mg/L, and total nitrogen concentratiorrethe lowest of all stations at 1.01

mg/L. Total phosphorus was slightly higher than at the Dam with an average of 0.038 mg/L.
Chlorophylla had a mean of 32.5Qg/L and transparency of 0.69 meter. These results indicate
that nutrient loading in the Panther Arm was much lower than at the West End station.

Laboratory analyses support the assumption that Big Cypress Creek is a significant contributor
of nutrient loading into Lake Cypress Springs. The West End station had the highest total
nitrogen, total phosphorus, and lowest transparency of the four statidrotal nitrogen

averaged 1.28 mg/L and surpassed 2.0 mg/L in December 2022 and February 2023. The mean
total phosphorus concentration was 0.148 mg/L, or almost five times the screening threshold of
0.03 mg/L. The average chlorophg/lfalue was 41.78g/L, exceeding both the 17.54/L site
specific chlorophykh criterion and the 26.7ug/L screening level for reservoirs without numeric
nutrient criteria. This station also had the least transparency with a mean of 0.40 meter, less
than half of the transparency at the Dam station.

Although the mean total nitrogen (1.09 mg/L) and total phosphorus (0.053 mg/L) results at the
Midlake station were lower than at the West Esi@tion, the Midlake station had the highest
chlorophylla concentration in a single sample (7Qé/L) and as an average of all samples
(44.73ug/L). Total Kjeldahl nitrogen, total phosphorus, and Secchi transparency were
statisticallydifferent at the West End station than the othstations.Theseresults suggest that

Big Cypress Cre&kthe primary contributor ohutrientsinto Lake Cypress Springs.

Diel pH readings were generally consistent across the three stations in Lake Cypress Springs
with the median pH of all 1,152 diel measurements ranging from 7.5 s.u. at the Dam, 7.9 s.u. at
Panther Arm, to 8.4 s.u. at the Midlake station. The Panther Arirtina greatest pH range of

2.7 s.u. while the Dam station tied with Midlake for the highest individual diel pH reading of 9.4
s.u. Almost 42 percent of the pH measurements at the Midlake station exceeded the high pH
criterion whereasapproximately 29 pera# at the Panther Arm and 32 percent of the readings

at the Dam were elevated.

High diel pH measurements were most common in the warm weather months of September
2022 andAprilthrough August 2023. About half of all diel pH readings were over the 8.5 s.u.
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criterion at all stations. In comparison, the average percentage of diel pH readings exceeding
the criterion fell to less than twenty percent at the Dam and Panther Arm statiofils alout

a third of all diel pH readings were high at the Midlake statdaningthe cool weather months

of October 2022 througMarch2023

DO percent saturation and pH were wedirrelated at all stations. The average correlation
coefficient ranged from 0.89 in the Panther Arm, 0.91 at the Dam, to 0.97 at Midlake. The
highest correlation coefficient for an individual diel was 1.00 at the &Higlistation. The perfect
correlation was identified from three individual monthly diels at this statibmese strong
correlations oupled with a much greater percentage of elevated pH readings in the warm
weather months indicate that the high pH impairnias likely a result of primary productivity.
This is further supported by the direct correlation between the average mixed surface layer
water temperature and chlorophydl concentrations at all stationgn addition togood
correlations between chlorophydl and pH at the Dam and Panther Arm.

Excess nutrients found in the West End are likely being converted into algal biomass at the
Midlake station. This assertion is supported by the Midlake station having the highest
chlorophylla concentrations but much lower total nitrogen and total phosphorus results than
found at the West End station. The Dam station chloropdhgtd total phosphorus

concentrations were forty percent and 34 percent lower than found at Midlake. These results
suggest that the reservoir is possibly phosphorus limited. Bagemmended that nutrient

sampling in Big Cypress Creek above the reservoir should be considered in the future to further
evaluate these findings.
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SEGMENT 04G8LAKE BOB SANDLIN

Lake Bob Sandlin is locatedmediatelybelow Lake Cypress Springsd Lake Monticello,
located in the upper reaches of the reserv@ompleted in 1977 hie Fort Sherman Dam
impounds over 8,700 surface acres with a capacity of almost 191,000estref water.The
reservoiris a popular recreational and fishing laded isregulated by the Titus County
Freshwater Supply District #1. In recgetars,many new home$iave been constructed along
the shoreline.

The2022 IRshowed that Lake Bob Sandlin was one of the least pollkgsérvoirsin the state.
The reservoirankedin the top 8percentfor the least amount of phosphorus, top pgrcent
for the highest water clarity, and top 3gercentfor the lowest concentration of chlorophyl

There were p impairments or concernor Lake Bob Sandlin shown in @22 IR Unlike Lake
Cypress Springs, chlorophgltoncentrations were typically lottroughout the assessment
periodwith only twoout of 63samples reported above th26.7 ug/L screening level. Both high
values were obtained in July 2019 with 3AdiL at station 16158 and 50.ug/L at station
10329

Nutrient concentrations were also very low during the assessment period with half of the
nitrate and over sixty percent of dthtal phosphorus samples reported below their respective
detection limits while less than fifteen percent of ammonia samples were measurable. Five
nitrate samples exceeded the 0.37 mg/L screening level with a mean of 0.42 mg/L. A single
ammonia result of @7 mg/L was reported over the 0.11 mg/L screening lededreasnone of
the total phosphorus samples exceeded the screening level of 0.2 mg/L.

Unlike Lake Cypress Springslfell within the criteria during the assessment period in all but
two out of 66 surface readings. Both high pH results were 9.1 s.u. and were etds¢station
16158 in July 2017 and at station 10329 in September 2017.

Quarterly sample$or bacteria, conventionals, and field parameters are collected by TCEQ
Region 5 at stations 16158ear Farm to Market RoadM) 21 andat 10329(dam)
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Water released from the Fort Sherman Dam enters Big Cypress Creek. These releases highly
influenced KS 6 GSNJ ljdzl ft AGe Ay . A3 . JikdiBaranoinNBES] |y
stream flow requirements, water is only released from the reservoir to maintain freebdard.

total of 939,956 acrdeet of water was released from the reservoir from 2000 through 2014.

Due to the pervasive drought, there were zero releases during seven of those fifteen years

causing the stream flow of Big Cypress Creek to becdominated by effluent flows.

Due to flooding, aecord amount of water was released from the Fort Sherman Dam in 2015 at
more than 280,000 acréeet. An additional 150,000 aciffeet was released by the end of April
2016. This amount of water could fill Lake Bob Sandlin more than tdicest1.3 million

acrefeet were released between 20Emd 2021 which represents about thirty percent of all
water discharged from Lake Bob Sandlin since its completion in 1979. However, drought
conditions from the summer of 2021 through 2022 resultedio water being released

between July 2021 and the end of 2022.
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FEGMENT 0404BIG CYPRESS CREEK BELOW LAKE BOB
SANDLIN

Segment 0404s the most urbarAnfluenced segment in the Cypress Creek basin. Population
centers include Mount Pleasant, Pittsburg, and Daingerfigh& segmenbeginsat the release
from Fort Sherman Dam on Lake Bob Saratid continues about 60 kilometers (38 miles) to
0KS KSIFRg!l GSNB .2Swealn flojirthistre@dch dfiBi§ Cypresg Sréshighly
influenced by releases frotrake Bob Sandliburing griods of drought or low flow, the
stream flowis primarily composed of treated municipal and industrial wastewater effluent.

The2022TexadntegratedReportshowed concerns for nitrate in both assessment units of
Segment 0404, Big Cypress Creek below Lake Bob Sandlin, ahbfophylla in the lower
reach of the streamThe tablebelow details impairments (NS), concerns for near-non
attainment (CN), and concerns for screening level (CSpkmxific waterbodies iSegment 0404
as shown in th022 IR.

Segment AU Description Parameter Support
0404 01 . A3 [/ @LINB&aa / N Chlorophyla CS
the Pinesupstream 24 km Nitrate CS
0404_02 Big Cypress Creek E. coli NS
upstream 37.2 kn: Nitrate CS
0404B Tankersley Creek Habitat Benthos CSs
E. coli NS
Nitrate; Chlorophyll Cs
DO screening level Cs
0404C Hart Creek E. coli NS
Nitrate CS
0404E Dry Creek E.coli NS
Nitrate CS
0404F Sparks Branch E. coli NS
Nitrate CS

Figure48: A portion of the able of the 2022Rin Segment 0404

Station 10310 at US 271 ashtion 10308 at SH 14re routinely monitored in the upper
assessment unit of Big Cypress Creek while stations 16458 (near the confluence with Greasy
Creek) and 13631 at US 259 represent the lower assessment unit. Station 10310 is located
downstream of the confluence with Tamisley Creekandstation 10308 idelowthe

confluence with Hart Creek and Walkers CrééREQ Regionrbonitors quarterly atstations

10308 and B631for flow, bacteria, and fofield andlaboratoryparameters NETMWD/WMS
samples quarterly for flow, bagtia, and forfield and conventiondbboratoryparametersat
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station 16458 located below the confluence with Greasy Creesddition, WMS is performing
a bioassessment at station 22423 in Big Cypress Creek below the confluence with Walker Creek.

The bacteria impairment in the upper assessment unbegment 0404vas first listed in 2002.
The geometric mean of thE. colsamples collected during the assessment period was 215.7
MPN/100 mL exceeding the 126 MPN/100 mL geometric mean criterion.

Nitrate and chlorophyl& were included as concerns in this segmenthia 202 IR High

nitrateswere a concern in both assessment units. All but seven of the 88 nitrate samples

collected in the upper assessment unit exceeded the 1.95 mg/L screening level with a mean
exceedancef 19.09 mg/L. For the lower assessment unit, about 34 percent of all nitrate

results exceeded the screening level with an avemgeedancef 6.92 mg/L. Since the

t AfANAYQAE t NARS gl adSsl G§dSNI G N&tlyR S toial LI F y i dzLJ
phosphorusconcentratiors have noticeably declined with mostlues falling below the

screening level of 0.69 mg/L.

The high nutrient concentrations in Big Cypress Creek resulted in a concern for chloaaphyll

the lower assessment unit. About thirty percent of the chlorophylalues exceeded the 14.

Mg/L screening level with an averageceedancef 34.6ug/L. Theseexcessive nutrients
O2yAydzS Ayid2 [F1S hQ (KS tAySa IyR KI@S I f
RAaO0Odzaa SR Ay 7FdzNI KS NJSpesidl Sthdly sedtight thie keort.[ I 1S h Q

i Q)
N N
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Figure49: Stream flow measurement at station 16458 in Big Cypress Creek

Major tributaries of Big Cypress Creek inclsdgmens 0404B- Tankersley CreeR404C- Hart
Creek 0404E¢ Dry Creekand 0404F, Sparks BranciThe 202 IR had concerns for nitrate and
chlorophyllain Tankersley Creek and for nitrate in Hart Cré&ke to high nitrate results
collected in Tankersley Creek and in Hart Creek, special studies of these parameters were
funded by the CRP in 2018 and 2019. Monthly samples for sulfate, chloride, ammonia, nitrite,
nitrate, total Kjeldahl nitrogen, and totahpsphorus were collected at three stations in
Tankersley Creek and at two stations in Hart Creek to identify potential sources. The nitrate
special study monitoring began in July 2018 and was completed in June 2019.

A sulfate special study of Tankersley Creek and the upper assessment uniCgpBigs Creek
commenced in November 2019 and continued through October 2020. The results of both
da0dzRASE aK2gSR (KFd GKS tAfaINARYQa t NARS LI Iyl
K26SOSNE y2yS 2F (KS &l YLI $limsBReslzts dfbotrSstdeS S RS R
were detailed in th2021 Cypress Creek Basin Highlights ReNdrate concerns were also

identified in Dry Creek and in Sparks BrawhS samples quarterly for field and laboratory
parameters, bacteria, and flow at station 10261 in Tankersley Creek and at station 10266 in

Hart Creek. No sampling is currently being conducted in Dry Creek or Sparks Branch.

¢CKSNBE INB SAIKG LISNYAGGSR 461 aiaSsel GSNI GNBIFGYSyY
with half of the plants located in Segment 0404e total permitted discharge for these

systems combined is 9.67 million gallons per day (MGiR)two largest plants are the City of

az2zdzyd tf€SFaAlyd |yR t AfNGDRayhOBDth plands &SlacatedSaad A 0 G SR
GKS /AGe 2F azdzyid ttSlFalydo t AfqHdlersl€yLre¢kNA RS R
and the City of Mount Pleasant discharges into Segridf84Cc Hart Creek. The City of

Pittsburg operates two plants with one on Segment 040BEy Creek and another on Segment

0404F Sparks BranciThe Dry Creek plant is only used when specific flow conditions are met.

¢CKS NBYIFIAYAYy3 LXFyGda Ay (GKS [F1S hQ KS tAySa
Star, Omaha, and Ore City.

LAKEh @HEPINESTMDLIMPLEMENTATION

Excessive nutrient inputs into the reservoir from both point and-pomt sources hee long
0SSy | O2yOSNY F2NJ[IF1S hQ GKS tAySa aidllSK2f¢
2Ee3Sy tS9Sta Ay [I1S hQ (KS tAySa 4SNB f
speciesAlthoughthe amount of dissolved oxygen in water fluctuates naturahthropogenic

sourcescan cause unusually or chronically low dissolved oxygen lévéistal Maximum Daily

Load (TMDL) was implemented to reduce oxydemanding substances to improve water
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guality conditions for aquatic life. The study determined that a 56 percent reduction in
phosphorus entering the reservoir was needed to improve dissolved oxygen concentrations in
the reservoir. In 2013 and 2014, stakeholders reviewed the 2008 TMDL Imptioa Plan

and revisedhe Implementation Plan to continue their efforts in improviitgwater quality.

Through therevisedTMDLImplementation Plapa group permit for phosphorus was issued to

Fff 61FadSelFdSNI ONBFGYSyYy(d LIXlFyda €t20F0SR Ay GK
as theTotal Phosphorus Load Agreement (TPLA), is an agreement between NETMWD and

entities operating permitted wastewater treatment plantBhe TPLA was the first of its kind in

the State of Texas.

The TMDL program worked with tFe€CEQVater Quality Division through the Water Quality
Management Plan update process to specify permit limits and other permit language for these
eight permittees Althoughthe total allocation of phosphorus from these point sources has
remained the samghe individual allocationsvere differentthan originally allocated in the

TMDL Implementation Plan. This chamgeeflected in the current versions tfeir permits.In
HAMHZ tAfINRYQ& t NA R SsphoBdN&iGeton ieduired b et tiey (G KS T
TMDL. This meant that its allowable annual discharge is much lower than what appears in the
TMDUmplementationPlan and in the TPLA, wigasthe allowable allocations for the seven
municipal permittees are now higher (matching their observed amounts in the original TMDL)
than in thelmplementationPlan and in the TPLK 2023, all entities renewedhe TPLA permit

for anotherten years

Permitted Discharger Dissk?;rrgi:(zlc\j/l GD) IT::EJSCF:;%:S 202;;2;?52?”5 Difference
Daingerfield 0.7 231 738 507
Lone Star 0.44 204 464 260
Mt. Pleasant 291 989 683 -306
Omaha 0.2 118 304 186
Ore City 0.22 453 379 -74
t Af ANAYQA ¢t 3.0 24,127 4,270 -19,857
Pittsburg/Dry Creek 0.2 259 0 -259
Pittsburg/Sparks Branch 2.0 807 282 -525
Total 9.67 27,188 7,120 -20,068

Figure50: TPLAhosphorus gchargesin 2022 (in klograms ofphosphorus)
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b20S GKI i 2y Wastewatet HedimentPian\WIR hasa phosphorupermit

limit. Theother seven municipal permitteeare all requiredto sampleand report their

phosphorus discharges. Their allocated amounts are noted in the "Other Requirements" section
of their permits, with wording stating that their permits can be amended to include those
numbers as permit limits if the group fails to meet thieosphoruggoalof the TPLAIn 2022,
aboutone-fourth of the permitted phosphorus allocation walischarged into the watersheds
SYGdSNAy 3 [ | TH dties@f Dairfg&fielt Loye Starpan®maha exceeded their
allocationswhile all otherpermitteessuccessfully metheirsthat year.

The TPLAermitted thet A f 3 NRA Y Q & antahduaRdischargi@hit of 24,127kilogramsof

phosphorus. In 2014, the plant discharged more than double that amount at 45,813 kilograms.

That year, a multimillion-R2 € £ I NJ dzLJANJI RS (G2 GKS tAf INAYQA t NA
completed in April 2015. In 2@2the WWTP released a total of abay270 kilograms of

phosphorus, oraboutone-fifth of its permittedallocation.

Stakeholderfiavealso specified voluntary actions aimed at reducing-pomt source
contributions, such as stormwater runoff, were necessary to achieve the goals of the TMDL.
Technical and financial programs were created for agricultural producers; and local/county
programs were created to address aite sewage facilities, marine sanitation, and education.
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['Y9 hQ ¢19 tLbOo{ {
¢CKS [I1S hQ G4KS tAySa gFGSNBRKSR SyoO2YLJ aasSa |
portion of the watershed lies within the Pineywoods Ecoregion and is composed of hardwood
and pine forests. The upper portion, near Lake Bob Sandlin, is in the PdSazalah
Ecoregion which is comprised of patches of oak woodlands interspersed with grasslands. The
watershed is rural. Land is predominantly used for agriculture, including silviculture, poultry,
and cattle.

[F1S hQ GKS tAySas ¢ KA Qs cledted fofl@odziontmalyafierrtien & dzNJF
historic flooding of the City of Jefferson in 1945. The reservoir was authorized by the U.S.

Congress through the Flood Control Act of 1946. Construction of the Ferrell's Bridge Dam on Big
Cypress Bayou was completedl959. Despite historic rainfall in 2015 and in early 2016, Lake

hQ GKS tAySa LISNF2NYSR Ada LINAYFNEB FdzyOQlAz2y |
Through controlled water releases,@vone million acrdeet of water was discharged from the

reservoir between January and August 2016 which is enough water to fill Caddo Lake nearly

seven times.

Releases from the two gates in the control structure vary from a minimum of 5 cfs to a

maximum of 3,000 cfs. The storage capacity of the reservoir is 254,006 &8 i ® [ 1S hQ
Pines provides water for eight cities and towns, numerous rural watelasta steel

manufacturer, and electricity generators. In addition to recreation and tourism, the reservoir is

an important resource to the timber industry as well as to agricultural enterprises such as

poultry, dairy, and cattle operations.

Segment0403[ 1S hQ (GUKS tAySa Aada RAGARSR AydG2 F2dzNJ
1 AU 0403_01 Lower 5,000 acres near the dam and represented by station 10296
1 AU 0403 _02 Middle 5,000 acres; station 16156
1 AU 0403_03 Middle 5,000 acres below State Highway 155; station 10297
1 AU 0403 _04 Upper 3,700 acres above State Highway 155; station 17087

The2022 Texag303(d)Listidentified the three lower assessment units as impaired for high

pH. The high pH impairment was due to pH samples exceeding the 8.5 s.u. criterion during the
assessment period. For AU 0403_01, fourteen percent of the pH readings weramigi

percent of the measurements in AU 0403 &#l 27 percent iU 0403_03 exceeded the 8.5

S.u. criterion.

The2022 Texas Integrated Rep&®tS FAY SR [ 1S hQ (KS tAySa lFa |y
ranked it in the top twenty percent out of 139 Texas resevoirs for elevated chloraphyll
Although chlorophyla was not shown as concern in the 2022 IR for the three lower assessment
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units, data collected during the assessment period revealed many elevated chloraphyll
results. Approximately half of all samples collected in the three assessment units exceeded the
26.7 pg/L screening level. The mean of the exceedances was 42.3 pg/L.

For the headwaters assessment unit, AU 0403_04, the 2022 IR included an impairment for 24
Hour DO along with a concern for DO grab screening level. FRe@ADO impairment was a
carry-forward from previous assessments since no diel studies have beesrmed in this
assessment unit since 2002. Four of the 26 DO grab samples fell below the 5.0 mg/L screening
criteria with a mean of 3.66 mg/L. Unlike the other assessment units, none of the pH values
exceeded the criterion. However, sixteen percent of riérand twelve percent of the total
phosphorus results were reported over their screening levels while a third of the chloraphyll
samples were high. The mean of the chlorophykceedances was more than twice the
screening level at 56.83 ug/L.

A w4 A x

I NBGASg 2F Ittt LI RFEGE 02ttt SOGSR A3019[ 1S hQ
Cypress Creek Basin Summary Rapwdaled statistically signficant increasing pH trends in the

two middle assessment units of the reservéirdecreasing trend fdransparency was

identified in the lower assessment unit (AU 0403 _01). Since chloraphgtl been increasing

at a statistically significant rate in the 2009 and 2014 basin summary reports, the decreasing
transparency trend was possibly a result of increased algal production.

Lake O' the Pines pH Trends, Middle Assessment Units
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Figure51: pH Trends shown in the 2019 Cypress Creek Basin Summary Report

The Basin Summary Report also revealed that high pH readings had been rare prior to 2010.
Historically, only one pH value was reported above the 8.5 s.u criterion from 1973 through 2009
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in AU 0403_01.He report demonstrated that all high pH measurements collected since 2010
corresponded with supesaturated DO. A strong statistical correlation between all pH and DO
percent saturation was identified.

Lake O' the Pines
High pH versus DO Percent Saturation
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Figure52: High pH versus DO Percent Saturatibown in the 2019 Cypress Creek Basin Summary Report

In eutrophic reservoirs, algae (phytoplankton) consume available carbon dioxide during the
process ophotosynthesis. Once the available carbon dioxide is exhausted, carbon dioxide will
be broken away from carbonic acid, thereby increasing the pH in the water column. When
sunlight is not available for photosynthesis, carbon dioxieleased through respiration, will

bond with available hydrogen ions to reform carbonic acid, thereby lowering the pH. Since
oxygen production is a product of photosynthesis, DO saturation can serve as a surrogate
indicator for chlorophyla sample analysis.

The combination of elevated chlorophgland supersaturated DO supported the assumption
that the high pH readings were a direct result of phytoplankton productivityesall of the data
reported were grab samples collected between 10 AM and 2 PM, the peak hours of primary
production. The report suggested that diel pH cycling was likely to be occurring; however, no
recent diel data were available for review to test thygpothesis. Due to the pH impairments

and data needs in order to validate these assuimms, two special studies were funded by the
CRP. L£ontinuous Water Quality Monitoring Special Stutorporated the use of two
continuous water quality monitoring stations located in the upper portion of the reservoir. The
monitor at US 259 was used to represent AU 0403_04 while the NETMWD intake station
represented AU 0403_03. A Diel Special Studyrjpacated targeted diel monitoring in the

lower assessement unitBata collected at the City of Longview intake represented AU 0403_02
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and the Dam station represented AU 0403 _01. A complete discussion of these studies are
available in the2022 Cypress Creek Basin Highlights Report

The continuous monitoring sondes revealed that pH did not exceed the 8.5 s.u. criterion very
often. At the US 259 station, pH was reported above 8.5 s.u. in less than 0.11 percent of the
measurements Wereasthe NETMWD intake was above the criterion in 1.22 percent of the
readings. Most high pH values measured by the continuous water quality monitors were
recorded in the warm weather months. The warm weather months also exhibited the greatest
diel range betwen minimum and maximum pH. The highest monthly pH range at the US 259
station was 2.4 s.u. while it was 3.1 s.u. at the NETMWD intake. These pH ranges occurred in
June and July 2020 at both stations.

e
Figure53: Lake O' the Pines continuous water quality monitoring stations; US 259 station (left), NETMWD intake (right)

For the Diel Special Study, high pH was most often obtained at the City of Longview intake (AU
0403 _02), exceeding the criterion in over 36 percent of all samples collected while pH at the
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Dam was high in approximately 31 percent of the readings. The greatest percentage of high pH
values were collected during the July 26, 2021 deployments where the City of Longview intake
and Dam stations exceeded the criterion in over 94 percent and 8®peof the readings,
respectively. The only deployment where none of the pH values exceeded the criterion at either
station was the August 25, 2020 study.

Figure54: Lake O' the Pines Diel Monitoring Stations; City of Longview intake (left), swimming area near the Dam (right)

The studies suggested that there is a close relationship between DO percent saturation and pH
throughout the reservoir. Most high pH results were collected during ssp&urated DO

conditions. Further, DO percent saturation and pH correlated well at botiinuous

monitoring stations as well as at both diel stations. A comparison of the data collected at the
NETMWD intake continuous monitor with the diel data from the City of Longview intake and
Dam stations revealed that DO percent saturation and pH \aer®st perfectly correlated with

the mean coefficients ranging from 0.93 at the NETMWD intake to 0.95 at Dam station and 0.96
at the Longview intake.

¢KS NBadzZ Ga 2F GKSasS alLISOAlLt addzRASa AyRAOIGS
are a result of eutrophication. This assertion is supported by the study findings which showed

that all high pH values were obtained when DO was ssgpaurrated; the high pH readings
primarily occurred during warm weather months; and pH correlated closely with DO saturation.
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SPECIASTUDYDESIGN

¢CKS [118 hQ GKS tAySa {LISOALE {(dRe 614 RS&EAT

through August when pH tends to exceed its criterion most often. Five sampling efforts were
conducted during these months in 2023. Sampling included deploying sondash of the

four assessment units along with the collection of lake profiles and laboratory samples during
each effort. Field observations such as Secchi transparency, water color, wind speed, wave
activity, etc. were made. Laboratory samples for t&€gldahl nitrogennitrate, nitrite,

ammonia, total phosphorus, chlorophwll chloride, sulfate, and total alkalinity were collected.

All sampling was conducted under an approved Quality Assurance Project Plan and by following
the procedures detailed in Volume 1 of ti€EQ Surface Water Quality Monitoring Procedures
Manual

Sampling was conducted at one station in each of the four assessment units. The assessment
units are defined by surface area:

Assesgnent Unit  Surface Acres Description Station #
0403 01 Lower 5,000 near the Dam 10296
0403 02 Middle 5,000 Midlake, Alley Creek area 16156
0403 _03 Middle 5,000 below SH 155 | NETMWD Intake 10297
0403 _04 Upper 3,700 above SH 155 17087

Figure55: Description of the assessment units

As detailed in thgprevious section, data obtained from the targeted diel special studies in 2020
and 2021 showed that pH and DO percent saturation were strongly correlated and may be an
indication of eutrophication. One of the limitations of the continuous monitors spstualy

was the inability to maintain the sonde in the mixed surface layer. The mixed surface layer is
defined as the portion of the water column from the surface to the depth at which water
temperature decreases more than 0.5 °C.

Due to releases from Lake Bob Sandlin and runoff events, the sondes were regularly submerged
over a meter deep in the water column. Since the completion of these 22001 special

studies, the NETMWD has acquired buoys to allow the sonde to be deplbQel 8.5 meters

below the water surface for diel measurements.

Diel measurements were made at each of the four stations during each sampling effort. Sondes
were programmed to record DO, pH, temperature, and specific conductance every fifteen
minutes for a period of 24 hours. Water quality profiles for these parametere collected
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during each sampling effort at 0.3 meters below the surface, 1 meter, and at each meter
afterwards. Laboratory samples were collected at 0.3 meters below the surface. Field
observations and Secchi transparency were also recorded at the time of samptzicoll€ield
parameters, lake profiles, and laboratory samples were collected at the time of sonde retrieval.

Data collected throughout this special study were reported to SWQMIS; however, these results

will not be used in the assessment of the watershed since sampling did not represent ambient
conditions, rather sampling was targeted towards a specific seasenddta were coded as
G.{25¢3 YSIyYyAy3 aoAlaSR (2 &aSrazys ol iSNBRKSR
useful to the Standards team in the development of nutrient criteria of the reservoir, as well as

the analysis of water quality issues in tleservoir. These data will also be of value to the TMDL

team in their evaluation of the success of the TMDL Implementation Plan.

Figure56: Sonde deployed from a buoy at the Midlake station 16156
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[ 1S h Q has K8 conskryatoa pool elevations. From October 1 through April 30, the
conservation pool is 228.5 feet. The lake has a seasonal conservation pool of 230.0 feet from
May 1 through September 30. Mean daily lake elevatiwimd speed, wind directiorand

rainfall is recorded by the U.S. Geological Survey (USGS) agabeit734300 located near

the dam. Due to heavy rains in early June, the lake level recovered from its minimum elevation
for the study periocbf 228.74 feet on June ¥and reached its seasonal conservation pool

level of 230.0 feet on June ®7The lake remained above its conservation pool for the
remainder of the study.
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Figure58: Lake elevation during the study period

Thewatershed above the reservaieceived regular rainfall through late spring and early
summer. Thunderstorms occurred during both the June and early July studies. Monthly rainfall
totals recorded by the USGS gawge¢he dam andstream flow inBig Cypress Creek at SH 11
reported forthe study period are showim the tablebelow.

Month Rainfall(inch) Flow (acrefeet)
May 3.59 15,396
June 4.82 35,335
July 3.26 10,547
August 0.05 322
TOTAL 11.76 61,600

Figure59: Lake O' the Pines rainfalhd inflowtotals by month
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Consistent raing the watershed othe reservoir during the study period generated regular
runoff periods in Big Cypress Creek throughout much of the study péfiod. recordedy
USGS gag&)734450Gshowedthat a total ofapproximately 61,000 acrieet of waterin Big
Cypress Creghassed theSH 11lgagebetweenMay l1and August 20, 2R3. Thee resultsvere
similar to the over58,000 acrefeet inflows estimated by thé).S Army Corps ofEngineers
(USACEYhsamount of water represerstslightlyunderone-quarter of the 254,000 acréeet
storage capacity of the reservaoir.

USACE Inflow Estimate

CubicFeet per Second
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Figure60: Lake O' the Pines Inflaag estimated by the USACE

Field notes show thate wind was calm to slight durghmost field efforts TheUSGS wind
gauge reported median wind speeds ranging from 2.8 miles per dhaimg the August
deploymentto 3.8 miles per hour iboth June and early Julffhe averagevind speed ranged
from 3.42miles per houtin May to 4.53 miles per hour in early July.
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RESULTS

Sampling commenced on May ahd was completed on August 20, 2023. Sampling was
conducted under ambient conditions and on dates when weather did not present boater safety

concerns. Sampling was conducted on the following dates:

2023Sampling Dates
May 21¢ 22
June 11¢ 12
July 9% 10
July29- 30

Augustl19- 20
Figure61l: Lake O' the Pines Special Study sampling dates

Figure62: Station 10296 near the Dam
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AU0403 01¢STATIONLO296,NEAR THBAM

Station 10296 is located approximately 1.16 km nartinthwest of the dam. Total depth at this
station ranged from 8.6 to 9.6 meters with an average of 9.1 meters. Field parameter profile
data were collected at the time of laboratory sample collection. ifireed surface layer was

1.0 meters. None of the average DO readings from the mixed surface layer were less than the
3.0 mg/L gralzriterion. The lowest average mixed surface layer DO value of 7.7 mg/L was
collected in early July, and the highest was 9dilmn May. DO saturation of the mixed surface
layer was greater than one hundred percent in all months with an average of 123.9 percent.

The median mixed surface layer pH exceeded 8.5 s.u. in all events except early July. The pH
ranged from 8.3 s.u. in early July to 9.1 s.u. in May. The median pH was 8.6 s.u. in June, 8.7 s.u
in late July, and 8.8 s.in August. The average of all pH measurements was 8.7 s.u. Mixed
surface layer average DO and median pH were directly correlated with a coefficient of 0.78.

This station had the most diel observations that exceeded the 8.higlupH criterion. Out of

480 diel measurements, 73.3 percent (352) of the pH readings exceeded 8.5 s.u. All diel
measurements made in May and June andé&alingsn late July and in August exceeded the
criterion whereasonly three pH values were elevated in early July. The median pH of all diel
measurements was 8.8 s.u. with a maximum value of 9.3 s.u. In every case of a high pH, DO
saturation was greater than one hundred percent. It should also be noted that none dfghe

DO readings fell below 5.0 mg/L during any deployment. The mean of all diel DO measurements
was 8.7 mg/L with a maximum concentration of 11.4 mg/L.

Dam Station 10296
High Diel pH versus Dissolved Oxygen Percent Saturation
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Figure63: Highdiel pH versus DO percent saturation at station 10296
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Similar to the findings of the special studies conducted in 2020 and 2021, diel DO percent
saturation and pH were highly correlated. The average correlation coefficient of each diel was
0.96, ranging from 0.93 in May to 0.99 in early July.

Station 10296
July 9- 10, 2023
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Figure64: Station 10296, DO percent saturation and pH

The mean of the Secchi transparency measurements was 0.86 meter which was the highest
average transparency of the four stations. May had the greatest transparency at 1.10 meters
while the other events were measured at 0.79 or 0.80 meter. Secchi transpanagdirectly
correlated to pH with a coefficient of 0.77.

Most of the nitrate, nitrite, and ammonia results were reported below the limit of

guantification (LOQ) of 0.02 mg/L. None of the nitrite samples were reported above the
laboratory detection limit. One nitrate and two ammonia samples wegrtablewith a

nitrate concentration of 0.036 mg/L and an average ammonia result of 0.023 mg/L. It should be
noted that nitrate and nitrite werenot reported for August due to the laboratory analyzing the
samples past the hold time.

TKN analysis measures the amount of organic nitrogen which is a form of nitrogen that is not
available for uptake by plants and algae. The process of mineralization converts organic
nitrogen into inorganic nitrogen forms such as ammonia, nitrite, and teitfehe TKN

concentration at station 10296 was, on average, the lowest in the reservoir with 0.72 mg/L and
ranged from 0.53 mg/L in June to 0.94 mg/L in early July.

Total phosphorus results were well below the 0.20 mg/L screening level with an average of 0.07
mg/L. The May and late July samples were below the laboratory detection limit. The June
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sample of 0.12 mg/L was the highest result followed by 0.051 mg/L in early July and 0.043 mg/L
in August.

Despite having very low available nutrients, the mean chloro@hgdincentration was 30.80
Mg/L. This was the lowest average concentration out of all stationsvegabove the 26.71g/L
screening levelTheMay and late July results were reported below the screening level at 15.1
Mg/l and 24.2ug/L, respectivelySamplegor June was 30.Ag/L; early July, 56.5g/L; and
August, 27.6ug/L. Secchi transparency had a moderate inverse correlation to chloraplvitt

a coefficient 0f0.58. This correlatiomdicates that as chlorophyll increases, transparency

decreases.
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Figure65: Station 16156, Midlake

AU0403 02 STATIONL6156 MIDLAKE

Station 16156 is generally located in the middle of the reservoir near the confluence with Alley
Creek. The station is equidistant between the north and south shorelines and approximately 2.2
km southwest of FM 729. Total depth at this station ranged fEoito 7.8 meters with an

average of 7.0 meters.
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The profile pH readings did not exceed the criterion in June or early July; however, pH was
elevated at each measurement point to a depth of 2.0 meters in May and late July. The median
pH readings in the mixed surface layer ranged from 8.4 s.u. in Jureadydluly to 9.2 s.u. in
August. The meamixed surface layer pH faill five site visits was 8.7 s.u. In all instances

where profile readings exceeded the pH criterion, DO saturation was greater than one hundred
percent. It should be noted that the midesurface layer DO saturation was greater than one
hundred percent in all months with an average of 129.9 percent. All mixed surface layer DO
concentration values were above the 3.0 mg/L geaberionwith an average of 9.6 mg/L.

Mixed surface layer average DO and median pH were strongly correlated with a coefficient of
0.93.

Station 16156 had the second most diel observations that exceeded the 8tbghpH

criterion. Out of 480 diel measurements, 64.4 percent (309) of the pH readings exceeded the
criterion. All diel measurements made in late July and August exceeded the criterion while only
thirteen pH values were elevated in early July. The median pH of all diel measurements was 8.8
S.u. with a maximum value of 9.5 s.u. collected in August. Iryease of a high pH, DO

saturation was greater than one hundred percent. Maf the diel DO readings fell below 5.0

mg/L during any deployment. The mean of all diel DO measurements was 9.1 mg/L with a
maximum concentration of 13.6 mg/L.

Diel DO percent saturation and pH were highly correlated at this station. The average
correlation coefficient othe dielswas 0.97 and ranged from 0.93 in May to 0.99 in early July.

The mean Secchi transparency measurement was 0.74 meter which was the second highest of
the four stations. June had the greatest transparency at 0.92 meteregls¢éhe other
measurements ranged from 0.62 in August to 0.79 meter in in May. Unlike station 10296,
Secchi transparency was inversely correlated to pH with a coefficie@tGsf. This relationship
indicates that apHincreases, transparency decreases.
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Midlake Station 16156
High Diel pH versus Dissolved Oxygen Percent Saturation
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Figure66: Highdiel pH versus DO percent saturation at station 16156

Similar to the lower assessment unit, most samples for ammonia, nitrate, and nitrite were well
below screening levels. None of the nitrate or nitritérogen samples were reported above the
LOQ Ammonia values were also low with only two refate results A concentration of

0.0212 mg/L was reported in early July while the May sample was 0.02 TkgiLhadan

average concentration of 0.73 mg/L and ranged from 0.53 mg/L in May to 0.90 mg/L in early
July.
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Figure67: Station 16156, DO percent saturation and pH
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Total phosphorusalues were also well below the 0.20 mg/L screening level. The highest
concentration was collected in May at 0.06 mg/L. The June and late July samples fell below the
LOQ The averagef all total phosphorussamples was 0.05 mg/L.

Despite having very low available nutrients, the mean of the chloroptsdmples was 30.98
Mg/L, above the 26.j[dg/L screening level. The lowest result was 2@A. in May and the

highest was 50.Qug/L in early July. This station had the second lowest chloroaimyéian and
second highest Secchi transparency of the study stations; however, the parameters were not
correlated.

Figure68: Station 10297, NETMWD intake

AU0403 03¢ STATIONLO297,NETMWDONTAKE

Station 10297 was the shallowest site monitored. It is located on a boat lane about 30 meters
from the NETMWD intake and near the north shore. The depth ranged from 2.2 to 2.9 meters
with an average of 2.5 meters. The profile pH readings did not exceettitegon in June or

early July; however, median mixed surface layer pH was elevated in May, late July, and in
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August. The median pH readings in the mixed surface layer ranged from 7.9 s.u. in June to 9.1
S.u. in August. The mean for all site visits was 8.6 s.u.

In all instances where profile readings exceeded the pH criterion, DO saturation was greater
than one hundred percent. DO saturation of the mixed surface layer was greater than one
hundred percent in all months with an average of 137.4 percent. All avenagel surface

layer DO concentration values were above the 3.0 mg/L grigédrion with an average of 9.9
mg/L. Mixed surface layer average DO and median pH were strongly correlated with a
coefficient of 0.83.

The Intake station had the second fewest diel observations that exceeded the 8htgs.pH
criterion. Out of 480 measurements, 49.0 percent (235) of the pH readings exceeded the
criterion. All96 measurements the August study hatligh pHwhereasonly twelve pH values
were elevated in early July and fourteen in May. The median pH of all diel measurements was
8.5 s.u. with a maximum value of 9.5 s.u. in late July. In every case of high pH, DO saturation
was greater than one hundred percent.

NETMWD Station 10297
High Diel pH versus Dissolved Oxygen Percent Saturation
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Figure69: Highdiel pH versus DO percent saturation at station 10297

Diel DO percent saturation and pH were highly correlated with an average correlation
coefficient of 0.9 and ranged from 0.95 in late July and August to 0.99 in May and June. Unlike
the stations in the lower assessment units, several individual diel DO readings fell below 5.0
mg/L. Fifteen of the DO readings wdyelow 5.0 mg/Lin May while ten were low in early July.

All low DO readings occurred in the early morning hours. The lowest DO reading of 4.5 mg/L
was recorded on May 22at 4:00 AM. It should baoted that all of these DO readingglow

84



2024 Cypress Creek Baditighlights Report

5.0 mg/Lwere still well over the 24Hour DO Minimum criterion of 3.0 mg/L. The mean of all
diel DO measurements was 8.7 mg/L with a maximum concentration of 15.2 mg/L.

Station 10297 had the lowest transparency of the four stations with a mean Secchi
transparency of 0.69 meter. May had the greatest transparency at 0.80 metaeasthe
other measurements ranged from 0.58 in late July to 0.75 meter in early July. Secchi
transparency did not correlate with DO or pH readings.

Like the other stations, all ammonia, nitrite, and nitrate samples were well below their
screening levels. None of the nitrate or nitdHbgrogen samples were reported above the LOQ.
Only the June and early July ammonia samples were above the LOQ whiilghlest result of
0.0386 mg/L. TKNad anaverage concentration of 0.98 mg/L and ranged from 0.88 mg/L in
May to 1.26 mg/L in early July.
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Figure70: Station 10297, DO percent saturation and pH

It should be noted that due to a holding time issue, there were no nitrate, nitrite, chloride,

sulfate, or total alkalinity results reportedr this station inMay. All total phosphorus results

were reported below the 0.20 mg/L screening level. The highest concentration was collected in
early July at 0.064 mg/L and had an average of 0.05 mg/L. The June sample was reported as less
than the LOQ.

Despite having very low availabieatrients, the mean oéll chlorophylla samples was 34.86
Hg/L which was the highest dfie four stations. Both the June and early July concentrations
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were reported above the 26.{{g/L screening level with a maximum of 58¢@/L in June and
minimum of 24.4ug/L in May and late July.

Figure71: Station 17087, above SH 155

AU0403 04 ¢ STATIONL7087,1.4KM ABOVESH155

Station 17087 is located approximately 1.4 km above the SH 155 bridge on a marked boat lane.
Like station 10297, this site was also very shallow. The depth ranged from 2.8 to 3.6 meters
with an averagealepth of 3.1 meters.

The profile pH readings exceeded the criterion in May, June, and August but fell below 8.5 s.u.
during both July field efforts. Thmedian pH readings in the mixed surface layer ranged from
7.6 s.u. in early July to 8.9 s.u. in May and June. The mean of all pH profile readings was 8.5 s.u.

All mixed surface layer DO concentration value