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Executive Summary

The Upper Neuse River Basin Association (UNRBA) made a commitment to undergo a comprehensive
and rigorous data acquisition effortThe main purpose of the UNRBA Monitoring Bram is to
support the Associationds reexamination of Stage
and in a broader sense the overall management stiegy for the Lake movingnto the future. The

current Strategy requires the greatest percentage nutrient loading reductions ever adopted in

North Carolina The Monitoring Program aims to reduce the uncertainties associated with prior

analysis efforts through the collection of extensive and detailed water quality data and information
Results fromUNRBA monitoring efforts will be used to develop new lalesponse and watershed

models. The revised models will be used to project impacts from nutrient loading from sources and
jurisdictions, evaluate alternate nutrient management strategies, and suppdhe development of a

range of potential alternative regulatory options for consideration.

The UNRBA has been collecting and analyzing water quality
data in Falls Lake and its watershed since August 2014

Documents that govern the UNRBA Monitoring Prograre Data collected or compiled by
available online athttp://www.unrba.org/monitoring- the UNRBA
program These include the Monitoring Plan and the are available online:

Monitoring Quality Assurance Project PlaBoth documents
have been approved by the Northatolina Division of Water
Resources Data collected by the UNRBA, and compiled by
the UNRBA from other sources, are also available on the
UNRBAGOs website.

This Annual Report addresses UNRBA monitoring efforts from August 2014 through December 2017
(41 months of data) The Routine Monitoring portion of the program collected data for 20 water
quality parameters from 38 tributary stations in the watershed at least monthixdditional data have
been acquired from the North Carolina Division of Water ResourcB8NR) and several other entities,
including the City of Durham and the NC State University Center for Applied Aquatic EcdRmytine
UNRBA Monitoring is expected to continue in the same manner through October 2018 to provide
data through four full years48 months) and four complete growing seasond hus, another 10

months of Routine Monitoring data are to be collected, adding 25 percent to the data summarized in
this report The full 51 months of Routine Monitoring data will be included in a Final Reptartoe
completed in early 2019.

http://data.unrba.org/index.php

The Monitoring Program has also included to this point nine different Special Studies to fill data gaps
and explore facets of Falls Lake not addressed through the Routine MonitoriRgsults from three
Special Studies not preiously reported on are presented within this report: High Flow Sampling,

Lake Sediment Evaluation, and Lake BathymetBediment Mapping

After October 2018, the Monitoring Program is expected to be substantially modifigtie revised
monitoring program wll allow UNRBA funding to shift toward a modeling and analytical effdrhe
Executive Director is convening a workgroup within the UNRBA to develop recommendations for the
Program moving forward.

ES1
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Hydrologic Conditions

The Monitoring Program also usesadla acquired by the National Oceanic and Atmospheric
Administration(NOAA), U.S. Geological Survey (USGS), and U.S. Army Corps of Engineers (USACE)
These organizations collected data on rainfall, streamflow, and reservoir stag@nual precipitation
patterns since the program began in August 2014 have been normal to wéhe DWR modeling

effort conducted to develop the Falls Lake Nutrient Management Strategy (2009) included data from
a period that included extremely low and high reservoir elevations (20@007). The majority of the
UNRBA monitoring period exhi bi t.EHavevercasiustiatedpo ns wi t h
this period was punctuated by a few flood -

events and a somewhat dry period at the end
of 2017. Between the monitoring conducted
previously by DWR and the data acquired
recently by the UNRBA, the watershed has
been monitored across a reasonable and
average range of hydrologic conditionghis is
expected to benefit the UNRBA modeling
analysis relative to the DWR assessment

2005 2006 2007

Falls Lake Elevation, ft

) | == Observed Values - - Median Value: 1987-present lwmmnsom Percentile .25|h|n75thF'arcentle
period, whichonly had data from years Falls Lake water levels were highly variable
including either relatively high or extremely during the DWR Modeling Period
low lake levels.

Observed Falls Lake Stage Comparedto Values from 1987 to the Present The tlmlng and amount Of InpUtS Of Water to Fa‘”S

Lake Reservoir are largely controlled by rainfall
patterns in the watershed Release of water to the
Neuse River icontrolled by the USACE to mitigate
flooding downstream and to preserve downstream
ecological systems, especially during spawning
w v A e i am s oo e e | Sea@son The dynamic interaction of these two

2015 processes results in substantial abrupt changes to
the | akeds r ethédmberofrdays i me (i
an average parcel of water stays in the lake)
Residence time varies from as short as about 20
days (when the dam is operated to drop the lake

: level quickly) to several hundred days (when the
2016 release at the dam is very small to retaiwater in
the reservoir) Since the USACE actively regulates
reservoir discharges (and therefore residence time),
any water quality parameter that is positively or
negatively correlated with residence time is subject
to a water resource management progrargenerally
2017 outside the influence of the UNRBA member$his
should be considered when exploring nutrient
management alternatives for the reservoir.

Of the 18 UNRBAnonitored tributaries, five
contribute more than 75 percent of the water
entering the lake:Flat River, Eno River, Little River,
Falls Lake levels were closer to normal Knap of Reeds Creek, and Ellerbe Creelust the
during the UNRBA Monitoring Period. Flat and Eno Rivers together account for more than

2014

Falls Lake Stage (ft)

Apr May Jun Jul Aug Sep Oct Nov Dec

ES2
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hal f of t h eThismdarsgdrsgeneralfthatdlowsand loading contributions from these five
tributaries hawe a much greater potential to affect overall water quality in the lake than the
remaining streams Aside from these five, no other tributary delivers more than 3 percent of the
annual inflow to the reservoirThis is an important consideration for both thiake-response and the
watershed modeling efforts.

Storm events can contribute relatively large volumes of water to Falls Lake in a short time and
potentially contribute large loads of nutrients during these periodBor the largest five streams,

about 20 percent of the water delivered to Falls Lake comes from flows which occur during just 1
percent of the time; 40 percent of the water is delivered during 5 percent of the tinmiEhis imbalance
between water delivery and the time during which it occurs gsito an overrepresentation of low

flow conditions(less than 20" percentile)and an underrepresentation of higker flow conditions

when sampling occurs based on static time intervals (like routine monthly monitoringgcause of

this consideration, targted High Flow Sampling has been conducted on the largest tributaries to
document the levels of nutrients and other parameters during higher flows not generally captured by
the Routine Monitoring Results

from this high flow monitoring _
site

have generally showrhigher 70-

levels of total phosphorus, During Routine Monitoring, most Eetes:

organic nitrogen, chlorophyia €0 samples are collected when WECE

and TOC in high flows than in / flows arelow. Elrrso
50+ [ «rc-45

low-flow conditions The
multiplicative combination of
higher concentrations and
higher flows is valuable
knowledge for inclusion in both
the watershed and l&e
response modeling effortsThis
information is very useful in 10+
tracking these shoriterm
impacts and how they impact
the lake immediately and in the
period following such events.

E LTR-1.9

High flow sampling was conducted
to target conditions when flows to
the lake were higher.

0-20% 20-40% 40-60% 60-80% 80-100%
Load Quintile

40~

Percent of Samples Collected

Water Quality
Relationships

The Results and Discussion section of this repggrovides an update to prior Annual Reports, with
data collected in 2017 generally falling within the ranges seen in 2012016 . Most water quality
parameters tend to be more variable both within and among the tributary stations than in the lake
itself. For example, total nitrogen ranged from less than 0.2 mg/L to more than 2 mg/L across the
tributary stations, but was rarely outside the range of 0.5 to 1 mg/L at the lake statian& similar
pattern is seen for total phosphorusChlorophyHa is generallynuch lower (and more variable), in
tributaries than in the lake The tributary chlorophylh data collected by the UNRBA is important for
the modeling effort as DWR did not have this data available to guide their model development effort
Many previous UNRA reports have reflected this concern.

Data from inlake stations in 2017 also show conditions largely consistent with prior yeaGeveral
parameters exhibit a clear trend from the upper lake toward the dai8pecific conductance, organic
and total nitrogen, total phosphorus, chlorophyh, total suspended solids and color each show a

ES3
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distinct decrease from the upper reservoir to the lower reservo8uch longitudinal trends were
predicted prior to the construction of the reservaiin contrast, total orgaic carbon (TOC) shows no
apparent change from the upper lake to the dam, and very little variability within the monitored
stations. The City of Raleigh closely monitors TOC in the lake, as higher concentrations may require
supplemental treatment for drinkng water.

Organic nitrogen comprises the majority of the total nitrogen in the lakdost organic nitrogen is

assumed to be within algal cells (phytoplankton) or other organisms suspended in the water column

Similarly, much of the total phosphorus measad in lake samples iggenerallyassumed to be

assimilated within planktonic organisms, rather than dissolved in the lake watém contrast, total

organiccarbon shows naapparent relationship to chlorophyll a on a lakeide basis during the

period of moritoring. These observations will be supplemented amd-examinedbased on data
collected during 2018. A final monitoring report
modeling effort will be done following collections through October 2018.

Total N - calculated, mg/l Organic N - calculated, mg/l
120~ 120~

0- Upstream
§, 20~ 20-
§ O 0 “emm .
g - S 2
§ Total Organic Carbon, mg/l Total Phosphorus as P, mg/l
£ 120~ 120
o Downstream

Scatter plots show a strong correlation of chlorophyito organic and total nitrogenRelationships with
total organic carbon and total phosphorus are less evident.

Correlation statistics were developed to explore potential relationships between land use
composition and water quality measurements for stations monitored by the UNRBA in the watershed
Specific conductance (i.e., amount of dissolved ionic substances) tsnto be higher in watersheds

with more developed land and lower in areas with more forested landOC is generally higher in
basins with herbaceous land (i.e., grassland, pasture and wetlandBasins with more wetland area
tend to have streams with higheTOC and total Kjeldahl nitrogen and lower dissolved oxygen

Routine Monitoring data indicates that stations located within nditowing, wetland dominated areas
tend to have higher concentrations of total phosphorus, TOC, and chloropayind lower
concentrations of dissolved oxygerirhese conditions do not appear to significantly influence water
quality within the lake These conditions represent very small volumes of water relative to storm
event flows which have better water qualityVater quality inthese areas is also masked by inflows
from other tributaries These relationships were also evident when the predominant hydrologic soll

ES4
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groups were evaluatedWater quality in subbasins with soils having very low infiltration rates (a
characteristic of vetlands) tend to show higher total phosphorus, organic nitrogen and TOC, and
lower levels of nitratenitrite.

Tributary monitoring data include some observations of pH and dissolved oxygen (DO) that are
outside the NC water quality criteridOverall, lesshan 10 percent of all DO measurements were
below the criterion Only about 3 percent of pH measurements were below the criteridviany of the
exceedances are associated with slomoving, wetlandike conditions at the corresponding tributary
sampling staions. Such waters tend to have lower pH and oxygen levels due to natural processes.

Horse and Honeycutt
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Observations of pH in the tributaries of Falls Lake are typically within the water quality criteria for this parameter
(6-9). Dissolved oxygen concentrations are typically akthe criterion of 4 mg/L.
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Tributary stations downstream of wastewater treatment facilities, including small package plants,
tend to show higher levels of specific conductance, nitrogen, antdgsphorus TOC does not appear
to be influenced by the presence of an upstream treatment facilit¢hlorophyHa concentrations are
usually lower in streams with major treatment facilitiedNitrogen and phosphorus levels in Knap of
Reeds Creek were substarally elevated in some
2015 samples due to operational issues at the
upstream wastewater treatment facilityData from
2016 and 2017 in Knap of Reeds Creek did not show
similarly elevated levelsCollection of additional .
monitoring data through October 208 will likely result | tréatment plants are of value in

in a lowering of the overall median nutrient levels for | d€veloping and/or interpreting the
this stream, as the earlier, higher levels will be watershed model.

moderated by the more recent, lower levels.

Chlorophylta

This report provides an extended analysis of several facets of th@hitoring Program data including
chlorophylta. ChlorophyHa is a central focus of concern for the Falls Lake-sxamination process

because the | ake was previously identified on Nor
waters not attainingt he st ateds water quality criterion of 4C¢
Monitoring data clearly indicate that the upper portion of the lake experiences higher chlorophyll

levels than the lower lakeln contrast with prior years, there were two distingtelevated peaks in

chlorophylta throughout the lake in 2017, one in February and the other in Maiy both cases,

levels dropped rapidly to more typical levels by the following monthly monitoring evatiere was a

smaller peak September 2017, but it dichot involve all stations The cause of these episodes is

unclear, but may be partially related to a bloom of one or more algal taxa responding to optimal

growing conditions over a brief periadne of the episodes followed a large rain event by several

weeks and may have been triggered by inputs of nutrients from that event.

Relationships between water
guality and land uses, soil types,
and presence of wastewater

Previously, the chlorophyt water quality assessment 303(d) methodology was not to exceed the 40
Mo/L criteria in more than 10 percent of the observations, with a statistical confidee of 90 percent
The North Carolina Environmental Management Commission has recently (March 2018) approved
changes to the listing and delisting procedures for chlorophgll making the listing and delisting
process more rigorousThe table below summarigs chlorophyHa data collection by NC DWR,
indicating the number of measurements where levels exceeded 40 pg/L in lake sampl@&ge higher
rates of exceedance in 2017 are at least partially attributable to the two chlorophglpeaks noted
above.

Table E$. Summary of Chlorophyleasurements in Falls Lake Relative to NC Water Quality Criteri

August 2018 December 2017

Falls Lake Above Hwy 50 Falls Lake Below Hwy 50
Total Observations Total Obsenations
Year Observations|  >40ug/L % >4Qug/L Observations|  >40ug/L % >4Qug/L
2014 72 17 24% 48 8 17%
2015 84 11 13% 48 0 0%
2016 84 10 12% 48 0 0%
2017 84 31 37% 48 12 25%
Overall 324 69 21% 192 20 10%
ES6
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This report explores the use of both arithmetic and geometric means of chloroplaylor both annual
and growing season (ApHDctober) periodsSimilar analytical approaches are becoming more
common in nutrient and chlorophyll criteria development across the countBesults of the analyses
will be of interest for exploring future regulatory optionsif Falls Lake.

ChlorophyHa data are available from DWR back to the mitB80s. Examination of those data
indicates that chlorophyha levels have always been higher at the upper end of the lake than the
lower end Data from years shortly after the resenir was impounded also indicate substantially
higher growing season average chlorophgliconcentrations in the upper lake than have been
observed in recent years While analysis methods have changed over time, the relative values and
spatial patterns areindicative of a longitudinal improvement in water quality from upstream to
downstream.
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Algal Dynamics

DWR analyzes samples from three of itsdake stations for phytoplankton contentThis report
summarizes phytoplankton data from 20122017 . The dataindicate high variability in algal
biovolume within eight major taxonomic group8luegreen algae show the strongest annual pattern,
generally peaking in the latter half of the year and declining to low levels in the wintether algal
groups either showless consistent patterns from yeato-year (e.g., diatoms) or relatively consistent
low levels of biomass (e.g., green algae).
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Like many reservoirs in the
Southeastern U.S., Falls Lake is
considered eutrophic from a nutrient
enrichment standpoint, meaningt is
relatively nutrientrich and can
support a relatively abundant fish
and algal community It is common

to find algae growth in lakes to be
limited by nutrients- either nitrogen
or phosphorus, or sometimes by
both. Even if nitrogen or phosphorus
isshown to be ol im
mean algae may not be abundantt
simply means that under specific
conditions any additional increase in
the phytoplankton population would
be controlled by the supply of the
limiting nutrient. Information
compiled by tre UNRBA suggests
that phosphorus is the limiting
nutrient in the lower portion of the
lake, but algae in the upper lake may
be colimited for both nutrients From
a practical perspective, this means
nutrient management of the lake
likely needs to include onsideration
of both nitrogen and phosphorus
This is a question that will need to be
evaluated further as the UNRBA
moves through its evaluation of the
existing management strategies and
in developing, for consideration,
alternate approaches.
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Different types of algae are present in Falls Lake

Some speciesof blue-green algae produce toxic substances under environmental conditions that are
not wellkunderstood Studies across the nation have shown that the species able to produce these
toxins are common in natural lakes and mamade reservoirs The City of Rleigh conducts

monitoring for several algal toxins in association with its water intake from Falls Lakata from

recent years reflects that, even though microcystins are sometimes present in Falls Lake, they have
not been reported at levels above the Whl Health Organization or U.S. EPA guidelines.
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Lake SedimentQuality

A Speci al Study | ed by Dr. Marc Al perin of the Un
Department was initiated in 2016 to evaluate sediments in Falls LakBr. Alperin is stilfinalizing his
report of the sediment evaluation, which will be provided to the PFC and posted to the UNRBA
website at completion This study looked at sediment cores collected from 24 locations along the
lake and analyzed for a suite of parameterg his cata provides information on the characteristics of
the lake sediments which will help bettedefine the role of bottom sediments on lake water quality
and support the UNRBA modeling effoltake sediments include both historic deposition and legacy
nutrient s i n the deeper |l ayers as wel | Ananportany ounger 6 s
observation from the core samples was the variability in the thickness of the unconsolidated
sediment layer (muck) among the location$n general, the river and tributay channels had
substantial accumulated sediment, but areas along the historic floodplain typically had much less
sediment In fact, some shelf areas had little to no sediment, where the core collection device simply
contacted hard clay, sand or graveDr. Alperin developed
A oo- a model to estimate nutrient flux from the sediment
Some of his modeled estimates of ammonia flux from the
sediment are similar to those used by DWR in its
modeling of Falls Lake (ammonia is a preferred form of
nitrogen for algae) However, his work showed much
greater variability among sampled locations, ranging over
at least an order of magnitudeFor example, on the
average, ammonia fluxes from cores collected within the
historic river channel were more than three times higher
than cores collected nearby, but outside of the channel

o 5 10 5 2 25 9 3 w0 | Forthe full set of cores collected within Falls Lake, the

Core Length (cm) . . .
best predictor of nitrogen flux was the sediment

Nitrogen release rates from lake sediments | thickness. Such findings are important because the
are correlated to the thickness of the UNRBAOGs | ake modeling can now i
sedimentmeasured by the core sampler consideration of sediment nutrient flux variability, which
was not part of the DWR modeling effort.
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Lake Bathymetry

The UNRBA conducted a bathymetric survey and sediment mapping study of Falls Lake in FY.2017
These surveys used duaonar frequency techntogy along track lines across much of the lake
Underwater topography (bathymetry) influences the retention and movement of water and thus
partially controls the biological processing of nutrients that can affect the growth of algée

accurate representdion of bathymetry and flow restrictions is an essential element in understanding
the volume of water within each segmented portion of Falls Lak&efore this UNRBA study, there
were essentially no data on the bathymetry of Falls Lake other than peserwir USGS topographic
maps and 17 transects collected by DWR to support their modeling.
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The UNRBA has collected significantly more bathyrnéc and sediment mapping data than was available
during DWR&s modeling effort. Data coll ection

Data produced by this mapping effort is now being used by the UNRBA modeling team to refine the
grid for the hydrodynamic modelThe bathymetric data show that Fallsdke at its normal elevation
contains very similar water volumes above and below Highway 50 (upper and lower lake), with broad,
shallow areas above Hwy 50, and narrow, deep areas in the lower lakesecond goal of this study
was to generate data on the tlikness of the sediment layer throughout Falls Lakés noted above,
the sediment evaluation saw significant variability in sediment thickness, with substantial areas of
the lake bottom having little to no accumulated sedimen®he sediment mapping effort lsowed that
sediment accumulation in the upper portion of the lake is much less than in the lower half of the
lake. The combination of the Sediment Evaluation and the Sediment Mapping provides the ability to
estimate sediment nutrient flux throughout the lke, based on an empirical flux modellhis

information will support the lake response model by providing initial conditions for the sediment
quality and providing an independent estimate for comparison to the fluxes predicted by the
sediment diagenesis moel (part of the lake response model)Although not a primary goal of the
mapping effort, the sediment survey results can also provide a point of comparison with past and
future surveys to estimate sedimentation rates. The USACE has shown a keen interetttigndata.
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Quality Assurance

Quiality assurance and quality control (QAQC) are primary considerations for the UNRBA Monitoring
Program Data accuracy, precision, and completeness reviews are performed following each
monitoring event Reviews of field andaboratory practices are performed on a routine basiSince

the beginning of the UNRBA monitoring program, more than p8rcentof all planned sampling

events in which the sampling location had flowing water were completed as plann&trough the

end of2017, there have been no cases of samples where results for Laboratory Control Sample
(samples of known concentration analyzed along with field samples) associated with UNRBA data
were out of compliance with method criterialThe UNRBA program calls for egively low laboratory
reporting limits for some parameters (e.g., nutrients).ow reporting limits can increase the risk of
having analytical results fall within the range of uncertainty for some method%tal phosphorus and
ammonia each saw more than ¥Yie percent of field blanks (sample vessels filled in the field with

water presumed to have none of the target analyte present) with results above the reporting limit
This means there is an increased chance that some actual stream samples with levels neabelow
the reporting limit may have less than the concentration reportellowever, most stream samples
showed concentrations well above the reporting limits, so the error associated with very low levels is
not meaningful in the modeling and related anatigal efforts. The QAQC section provides confidence
levels for the analyzed parametersThis type of information allows users of the data to estimate the
degree of uncertainty associated with laboratory values.
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Moving Forward

The UNRBA Monitoring Programeaws desi gned t o s uepgmmmation oftthe EallsSUNRB A G s
Lake Nutrient Management StrategyBased on input from the contractor and the Executive Director
of the Path Forward Committee, in recent months, recommended continuing the Routine Monitoring
at least to the end of the 2018 growing seasorOnce this sampling is completed, this effort will
constitute four full years and four growing seasons of data collectiobherefore, data acquisition for
the modeling effort is scheduled to continue through @aber 2018. Members of the watershed
modeling, lake modeling, and statistical modeling team provided consistent feedback when asked to
review the Monitoring Program and the plan to continue through October 2048l reviewers

indicated that sample collectbn under the current plan through October would result in (1) sufficient
data for effective development and calibration of the models, and (2) that a fifth year of data
collection would likely yield diminishing returns in terms of additional informatiorrfmodeling
purposes Additionally, as noted, since funding available for the modeling work is dependent on the
level of monitoring, it is believed that the additional funding due to a reduced monitoring effort is a
more effective use of resourcesThus, itis recommended that the UNRBAUNRBAUNRBA complete
data collection, laboratory analyses, and evaluation of results in accordance with the current
program plan for modeling support through the end of the 2018 growing seas@pecific
recommendations are:

1 Thecurrent routine monitoring program should be continued through October 2018.
1 Data acquisition for modeling support should be considered complete at that time
1 A final monitoring report for modeling use should be completed in 2019 (Februdmarch).

The UNRBA has not yet determined monitoring objectives beyond October 2018.

The UNRBA Executive Director vaitablish a work group to consider the potential cost
and benefits of a water quality monitoring program beyond October 2018.

The work group will examine specific objectives for any future monitoring that may b
important for the UNRBA to consider.
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Section 1

Purpose of UNRBA Monitoring
Program

1.1 Introduction

The Upper Neuse River Basin Association (UNRBA) Monitoring Program is primarily composed of two
categories of water quality monitoringThe first category is Routine Monitoring, which is the repeated
testing of water quality variables at fixed locations over many monthRoutine Monitoring provides
insight into the seasonal and annual variation of nitrogen, phosphorushlorophylta and other
parameters over time UNRBA Routine Monitoring began in August 201%he second category,
Special Studies, are focused evaluations conducted within a limited timefranMost Special Studies
are intended to inform water quality modeling development and calibration so that baseline and
management scenarios can be more accutaly simulated Special Studies are also used to assist
the UNRBA in its efforts to explore and examine water quality and nutrient management programs,
policies and regulationsEach Special Study is evaluated at the end of each monitoring year to
determine whether it should be continued, modified, suspended, or replaced with another effort in
the subsequent year.

In 2014, the UNRBA initiated the Monitoring Plan that described the locations, parameters,
frequencies, andother programelements (Cardno 2014b;http://www.unrba.org/monitoring-

program). The Monitoring Plan is maintained and updated kkie UNRBAmMonitoring service provider
to reflect changes in the program over timéAs established in Sectiorb (f) of the Falls Lake Nutrient
Management Strategyhttp://portal.ncdenr.org/web/fallslake/home , the UNRBA Monitoring Plan

was initially approved byNorth Carolina Division of Water Resources\{fIR)on July 16, 2014 The
UNRBA Monitoring Quality Assurance Project Plan (QAPP) was developed specifically for the program
to ensure that data are reliable and suitable for consideration for regulatory purpos@fie QAPP
describes the protocols and methodlogies to be followed by field and laboratory staff to ensure data
precision and accuracylt was initially approved by the North Carolina Division of Water Resources
(DWR) on July 30, 2014 and again on January 18, 2017

As part of the 2018 Fiscal Yearantract, the UNRBAmonitoring service providers required to

produce an Annual Report on the progress and nature of the monitoring results, and to assist the

UNRBA in setting the scope and budget for the following yeBine Monitoring Program scope and

budget coincide with the UNRBA®&s Fiscal Year, whic

This Annual Report provides a status review of the UNRBA Monitoring Program frogugt 2014
through December 2017and presents results and general patterns and relationgbs observed in

the data. ThisAnnual Report includs specific recommendations for refinements to the Monitoring
Program to optimize efficiency and valuand to accommodate UNRBA needs for resource allocation

1.2 Regulatory Background

Falls Lake Reservoir wasreated by the U.S. Army Corps of Engineers (USACE) when a dam was

completed at the Falls of the Neuse River in 198The North Carolina Environmental Management

Commi ssion (EMC) passed the Falls Lake Nutwvoient M
stages of nutrient reductions within the Falls of the Neuse Reservoir watershed (N.C. Rules Review
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Commission 2010) The Rules establish a Nutrient Management Strategy to be implemented in two
stages: Stage | is described in 15NCAC 02B .0275 (4) (apdaStage Il is described in 15NCAC 02B
.0275 (4) (b). The Rules recognize there is uncertainty associated with the water quality modeling
performed by DWR used to establish the Stage Il requirements, and therefore, allow for
re-examination of the Stage lhutrient loading reduction requirements after additional data
collection, as specified in Section 5(f) of the Rule$he UNRBA Monitoring Program was specifically
designed to reduce the uncertainty and to rexamine the scientific assessment and modeling
predictions used by DWR to support these rules

1.3 UNRBA Réexamination Strategy

In 2011, the UNRBA began a rexamination process of the regulatory framework for Stage Il of the
Rules Full implementation of the nutrient reduction strategy, which is more gtgent than any other
nutrient strategy implemented in the State, will require extremely costly actions on the part of UNRBA
member governnents and other regulated partiesin addition, the practical ability to achieve the
mandated reductions is uncertainin light of the financial impact of the Rules and the=gional
importance of FallsLake, the UNRBA began examining the technical bases and regulatory framework
of Stage llrequirements Local governments within the UNRBA agree that protecting Falls Lakeaa
water supply and public resource is paramounthe members want to ensure that the rules applied

to the water shed s ufbénefcial esestConyrol requifeinents shoutdbee | ak e 6 s
reasonable, fiscally responsible, and efficaciously imprethe water quality of the resourceBased

on a review conductedn 2013 (Cardno,2013), the Stage Il Rules are not technically, logistically, or
financially feasible Given the high cos{approximately one billion dollarspf implementing Stage |l

and the uncertainty ofachieving thechlorophylta current water quality standargthe scientific re
examination process relies on additional data collection and new modeling efforts to support revised
lake response modeling, as well akhe evaluation of variousregulatory options

The Rules require that NCDEQ issue a status update for the Falls Lake Nutrient Management
Strategy every five years, beginning in 2018 hestatus updatereport was issued in March 2016

and is available on the NCDEQ websitettp://portal.ncdenr.org/web/fallslake/rules -
implementatiortinformation). The report summarizes progress towarichplementation of the Rules
and describes changes in nutrient loading to the lake and lake water qualifyhe 2016 status repot
highlights the improvements (reductions) iohlorophylta concentrations observed throughout the
lake. The report also acknovedges the UNRBA as a collaborative partner to further the science with
respect to reducing the lake modelingncertainty, expanding the best management practices

0 t 0 o ludedfor Gompliance and conventional and innovative nutrient control measures to irape
water quality in the lake (NCDEQ 2016)

1.4 Obijectives of the UNRBA Monitoring Program

The UNRBA Monitoring Program is designed to suppo
by the UNRBA Path Forward Committee:

1. Revise lake response modeling,

2. Support alternative regulatory options as needed, and

3. Allocate loads to sources and jurisdictions.

The sections below provide an overview of the current components of the monitoring program and of
the data obtained under the program through December 201

1-2
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Overview of the UNRBA Monitoring
Program

This Annual Report addresses monitoring efforts fronugust 2014 through December 2017 During
this period, the UNRBA Monitoring Program focused on Routine Monitoring and a series of Special
Studies Additionalinformation about the general nature of the Routine Monitoring and Special
Studies efforts are provided in the Monitoring Plan and in the Plan of Study for each Special Study
(https://unrba.org/monito ringprogram).

2.1 Routine Monitoring

The Routine Monitoring Program was established to characterize the spatial and temporal variability
of water quality in the Falls Lake Watershedtt includes Lake Loading stations and Jurisdictional
Boundary stations locéed on tributaries to the lake Data collection is managed byhe UNRBA
monitoring service providerTable2-1 outlines the Routine Monitoring effort®n the tributaries, and
Table2-2 lists the tributary stations and monitoring frequencyRoutine Monitorng also includes
coordination with DWR, which conducts monthly monitoring sg¢venlongterm stations located on

the Falls Lake Reservoir.

2-1
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Table-1. Overview of Tributary Routine Monitoring ComponentN&fBiA Program

Parameter Start Date End Date Stations

Field Measurements

Air temperature Aug, 2014 Aug, 2015 All
Water temperature Aug, 2014 Ongoing All
Specific conductance Aug, 2014 Ongoing All
Dissolved Oxygen Aug, 2014 Ongoing All
pH Aug, 2014 Ongoing All
Referenepoint tapelown Jan, 2015 Ongoing All
Dye velocity Jan, 2015 Ongoing All

Laboratory Analyses

Total Kjeldahl nitrogen Aug, 2014 Ongoing All
Soluble Kjeldahl nitrogen Aug, 2014 Ongoing Lake Loading
Nitratesitrite Aug, 2014 Ongoig All
Ammonia Aug, 2014 Ongoing All
Total phosphorus Aug, 2014 Ongoing All
Total soluble phosphorus Aug, 2014 Ongoing Lake Loading
Orthophosphate Aug, 2014 Ongoing Lake Loading
Total organic carbon Aug, 2014 Ongoing AlR
Dissolved organic carbon Aug2014 Jun, 2016 Lake Loading
Chlorophyél Aug, 2014 Ongoing Lake Loading
Total suspended solids Aug, 2014 Ongoing All
Volatile suspended solids Jul, 2015 Ongoing Lake Loading
Color (platinum cobalt) Aug, 2014 Jun, 2016 Lake Loading
Visible absorbarate440nm Aug, 2014 Ongoing Lake Loading
UV absorbance at 254nm Aug, 2014 Ongoing Lake Loading
5-day carbonaceous biochemical oxygen demand Aug, 2014 Jun, 2016 Lake Loading

ABeginning in July 2016, TOC samples have been collected quarterly at juritidical sites and monthly at lake loading
sites.
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Table2-2. UNRBA Tributary Routine Monitoring Stations and Sampling Frequency

Name Drainage
(Station Type Subwatershed Stream Name County Area (rd Sampling Frequen
NFRA1 (IB) Flat North Flat Person 12.7 Monthly
NFR37 (JB} Flat North Flat Person 15.8 Replaced with NFR
NFR32(JB) Flat North Flat Person 32.8 Monthly
SFR30(JB) Flat South Flat Person 54.4 Monthly
FLR25(JB) Flat Flat Person 102 Monthly
DP&3(JB) Flat Deep Person 32.1 Monthly
FLR5.0(LL) Flat Flat Durham 169 Monthly
NLR27(JB) Little North Fork Little Orange 21.9 Monthly
SLR22(JB) Little South Fork Little | Durham 37.4 Monthly
LTRL6 (JB) Little Little Durham 78.3 Monthly
LTRL.9(LL) Little Little Durham 104 Monthly
ENRI9(JIB) Eno Eno Orange 60.5 Monthly
ENRI1(JIB) Eno Eno Orange 73.2 Monthly
ENR23(JB) Eno Eno Durham 121 Monthly
ENRB.3(LL) Eno Eno Durham 149 Monthly
CMPR23(JB) Knap of Reeds Canp Durham 1.99 Monthly
KR&.5(LL) Knap of Reeds Knap of Reeds Granville 41.9 Monthly
ELE3.1(LL) Ellerbe Ellerbe Durham 21.9 Monthly
UNT0.7(LL) Unnamed Unnamed Granville 3.43 Monthly
PAG4.O(LL) Panther Panther Durham 3.24 Monthly
LLGL.8(LL) Little Lick Little Lick Durham 13.8 Monthly
LL&.9(JB) Little Ledge Little Ledge Granville 3.74 Monthly
LGEL7 (JB) Ledge Ledge Granville 1.79 Monthly
LGEL3(JB) Ledge Ledge Granville 3.49 Monthly
LGE5.1(LL) Ledge Ledge Granville 20.3 Monthly
LKE2.0(LL) Lick Lick Durham 10.8 Monthly
ROB7.2(JB) Robertson Robertson Granville 4.43 Monthly
ROR2.8(LL) Robertson Robertson Granville 12.0 Monthly
BD@E2.0(LL) Beaverdam Beaverdam Granville 12.7 Monthly
SM&5.2(LL) Smith Smith Granville 6.3 Mathly
BUG3.6(JB) New Light Buckhorn Granville 1.21 Monthly
NLE3.8(JB) New Light New Light Wake 9.90 Monthly
NLE2.3(LL) New Light New Light Wake 12.3 Monthly
UBGL.4 (LL) Upper Barton Upper Barton Wake 8.26 Monthly
LBGE2.1 (LL) Lower Barton LoweBarton Wake 104 Monthly
23
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Table2-2. UNRBA Tributary Routine Monitoring Stations and Sampling Frequency

Name Drainage
(Station Type Subwatershed Stream Name County Area (rd Sampling Frequen
HSEL1(JB) Horse Horse Franklin 3.88 Monthly
HSE/.3(JB) Horse Horse Wake 7.11 Monthly
HSE5.7 (IB) Horse Horse Wake 9.60 alternate site
HSEL.7(LL) Horse Horse Wake 11.9 Monthly
HC.9(LL) Honeycutt Honeycutt Wake 2.76 Monthly

aName combines an abbreviation for the stream with the approximate distance from the station to Falls Lake (km).
bJB refers to a Jurisdictional Boundary station and LL refers to a Lake Loading station.

¢ NFR41 was added in July 2015 to replae site NFR37 due to concerns about safety and accessibility at NF§¥.

d HSES.7 was used as an alternate for HSE.3 in May-June 2015 while HSE7.3 was inaccessible due to construction.
e Prior to July 1, 2016, samples were collected twice monthly at the stations.

2.1.1 Lake Loading Stations on Tributaries in the Falls Lake Watershed

To characterize the tributary inputs to Falls Lake and to suppevatershed andlake response

modeling, flow and water quality data are needed from locations as near as possitiighe mouth

(point of entry) for eWNRBAnnwhitorinchiaeatibonand @SES flod aget r i b ut
locations are shown orFigure2-1. The USGS maintains ten flow gages and one stage gage in the

watershed. Site characteristics for these gages are provided in tigomparison of Flow Estimation

Methods Technical Memorandum (Cardno 2014a) available at

https://www.unrba.org/sites/default/files/news files/FlowEstimationTM_March28_ Final.pdf
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Figure2-1. UNRBA Lake Loading and Jurisdictional Monitoring Locations (see Tabl2 for station details) and Exising USGS Gages
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In addition to monthly sampling at the 18 Lake Loading Stations during Years 1 and 2 of the
program, water quality sampling occurred twice a month on five of those tributaries to the upper
lake. These fivemajor tributaries are estimated b contribute roughly 75 percent of the inflow
guantity to Falls Lakeln Year 3, these five tributaries were targeted under the High Flow Event
Special Study, and routine monitoring was reduced to monthlhis change was made to ensure
collection of waterquality across a wide range of hydrologic conditions is important to have high
confidence in nutrient loading for these tributaries because their water and nutrient contributions to
the lake have the potentialt o dr i ve much of esporese Haraketerd selectedforor op hy |
Routine Monitoring at Lake Loading stations were generally based on the requirements of the
Watershed Analysis Risk Management Framework (WARMF) Bndironment Fluid Dynamics Code
(EFDC) model originally used by DWR foll§&aake, along with input from the UNRBA member
organizations The program has included collection of total and volatile suspended solids, total and
dissolved organic carbon, ang@hlorophylta concentrations from the 18 tributaries to provide data
that was not available when DWR developed the model in supporttbé Rules Parameter coverage,
frequencies, and sampling locations have been revisextcasionallyto optimize data collection for

t he UNR B ARbrsexamples thesfirst two years of monitorindiewed a high correlation
between total organic carbon (TOC) and dissolved organic carbon (DOT (R99). Given the ability
to estimate DOC from TOC with a high degree of confidence and its relatively high obktboratory
analysis the UNRBA ceased dlection of DOC from lake loading stations in June 2016ollection of
CBODS5 and PlatinunCobalt color analysis also ceased in June 2016 as explained in the 2015
UNRBA Annual Monitoring Report

2.1.2 Jurisdictional Boundary Stations on Tributaries in the Fallsake Watershed

The Rules specify that nutrient loading from governmental jurisdictions in the Falls Lake watershed
must be redwced. Stations located between the jurisdictions and at key loading points such as
outlets of major tributaries within a jurisdidbn can be used to 1) provide water quality data from
points within all member jurisdictions, 2)prioritize best management practice (BMP) implementation
in areas with the highest nutrient loading, 3) calibrate watshed models and, 4)assess changes in
loading over time Twenty stations (Figure 1) were identified based on input from the UNRBA Path
Forward Committee (PFC) and are monitored monthly to characterize water quality near jurisdictional
boundaries between the UNRBA member governmen#ss with the Lake Loading Stations, data
collection efforts at Jurisdictional Boundary stations are reviewed to optimize value for the UNRBA
Monitoring at Jurisdictional Stations has only been slightly modified since the beginning of the
program- beginning in Jul2016, the frequency of TOC collection at jurisdictional stations was
reduced from monthly to quarterlywhile monthly collection continued at the lake loading station for
each tributary,

2.1.3 Falls Lake Monitoring

Monitoring withinFalls Lakeitself providesdata for assessing ambient water quality as well as for

calibration and validation of updatedake models Data for Falls Lake are collected by DWR, the City

of Durham, the City of Raleigh, and North Carolin
Ecology (CAAEData are collected under a DWRpproved QAPRt 30 monitoring stations Figure

2-2) in 22 distinct locations on the lake (some locations are monitored by more than one

organization

26

UNRBA 2018 Annual Report Final



Upper Neuse River Basin Association Monitoring Program
Annual Report

Section Z

F- ROB-2.8

E K] 3 $
S & N
<. FLR50 &1 ) S
< S KRC-4.5 v
& $o =
Y L= S 3
N | Y Z
< i S 3
‘f | LGE-5.1 _§
s [ i e
< {
!

‘b“ K
~y C re‘f'/\\
'BDC-2.0 . qith ¢
st _Lgice2

FL6
ARFL6C

FL3
()

NEUO19E
FL2AR 2

ELloct
(NEUo78C
LLCOy ¢
® g0 ® MEDTB

NEUOA8E: ®

4
FL50C
NEUO15

LI01 )
¢

FLICARFL1
NEUO19P

FL11C ¢

: "4
Monitoring Locations NEU020D F.L~1Nc
€ Lake Loading Sites (minor tributaries) /,/’
@ Lake Loading Sites (major tributaries) P’
©  DWR Falls Lake Stations ’
A Durham Falls Lake Stations

0 CAAE Falls Lake Stations —
- Highway 50

Monitoring Locations Brown a
AND

0 1 4 Miles

Caldwell

Upper Neuse River Basin Association
North Carolina

0

Figure2-2. Falls Lake DWR, CAAE, and City of Durham Monitoring Locations, along with UNRBA Lake Loading Stations

2-7

UNRBA 2018 Annual RepoktFinal



Upper Neuse Rier Basin Association Monitoring Program
Annual Report Section Z

Field data along with nutrientchlorophylta, carbon and suspended sediment data obtained from

photic zane composite water samples are obtained from the monitoring entities and compiled

annuallyfor inclusion in the UNRBA database and Annual RepdResults from samples collected at

di screte depths do not foll ow DWRGandsmodusd i ng pr ot
complexities in making comparisons across data setSherefore, such data are archived separately

and not included in the Annual Reports.

DWR collects samples monthly at 12 stations throughout Falls Lake and all parametéiscussed in
this reportexcept field parameters are collected as photic zone compositesnnual data summaries
for the parameters that DWR collects may be accessed through the DWR website
(https://deq.nc.gov/about/divisions/water -resources/waterresourcesdata/water-scienceshome-
page/intensivesurveybranch/falls-jordanlakes-monitoring)

The City of Durhantollects water quality samples from two stations on Falls LakBhese stations (at
Cheek Road and-85) are sampled weekly from April to October as photic zone compositks
addition to residing in the UNRBA database, City of Durham data are availablénenat
http://www.durhamwaterquality.org/. Data from the City of Durham is reflected in several of the
graphics in Sectior3, although the time period represented by the City of Durham data is not dirgctl
comparable to the other stationdecause Durham conducts monitoring at a greater frequency
during the growing season as opposed to monthly throughout the year as performed by the other
organizations

CAAE has collectedhlorophylta samples as photic zor composites from 10 sites since before the

UNRBA Monitoring Program begafhree of these sitesarecd ocat ed wi th CAAEds aut
sampling profilers at 485, Hwy50, and the intake structure, and have chlorophyll datavo to three

times per month Ther e mai ni ng s e v-sitas: 1€ 6€14G) hafet nforthlyahiGrdphylta

data as photic zone composite sampleBeginning in April 2016, six sites added monthly photic
zonechlorophylta sampling (sites1-6). Photic zone samples for nitrogen, phosphosucarbon and

TSS parameters began being collected twitceo nt h | y three pofleAdids and sitesl-6.

Field parameters are collected twicenonthly at the profiler sites and monthly at site%-6.

Specific parameters and their frequency of measureent by each of the monitoring organizations
since the start of the UNRBA monitoring program (August 2014) are summarized in T@sBeand
Table24.

In addition to the chemical analyses above, DWR has collected data on the species abundance and
biovolumeestimates of algae at three stations in Falls Lake since 201This dataset provides

information on how populations of different algal groups change and cycle through tinvtechanistic

models like EFDC track and predict the mass of different algal groupgésponse to changing
environment al conditions, and DWRdds al gal dat aset
model calibration or validationIn this annual report, algal biovolumes are aggregated into eight

broad groups (e.g.green algae, diators, cyanobacteria, etc.) and graphed to provide a visual

overview of the available dataAlgal biovolume is a measure of biomass that combines both the

number of cells present as well as their average size.
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Table?-3. Falls Lake SampliRgequencie®f Stations and Parameters MonitoydaWR and the City of Durhg

Frequency of sampling by CAAE is further dependent on monitoring station and these are sunmari:

DWR City of Durham
Sampling Frequency Sampling Frequency
Parameter Collection Method (12 stations) (2 stations)

TOC Photic Zone Composite Monthly Weekly (ApOct)
DOC Photic Zone Composite Monthly -

CBOD5 Photic Zone Composite Monthly -

Chlorophyéd Photic Zone Composite Monthly Weekly (ApOct)
TN Photic Zone Composite Monthly Weekly (ApOct)
TKN Photic Zone Composite Monthly Weekly (ApOct)
NO2 + NO3 Photic Zone Composite Monthly Weekly (APpOct)
NH3 Photic Zone Composite Monthly Weekly (ApOct)
TP Photic Zort@omposite Monthly Weekly (ApOct)
Orthephosphorus Photic Zone Composite - Weekly (APpOct)
Turbidity Photic Zone Composite Monthly Weekly (ApDct)
TSS Photic Zone Composite Monthly -

VSS Photic Zone Composite Monthly -

pH Depth Stratified Mamthly Weekly (ApOct)
Conductivity Depth Stratified Monthly Weekly (APpOct)
Dissolved oxygen Depth Stratified Monthly Weekly (APpOct)
Temperature Depth Stratified Monthly Weekly (APpOct)
Secchi Depth Monthly Weekly (ApOct)
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Table2-4. Stations and approximate sampling frequencies for stations monitored by the Center for Appl

Ecology (CAAE) at NCSU from August 2014Dkeaargher 2017

Monitoring stations are listed infoodeupstream to downstream.

Nitrogen Field Paramete
(TN, TKN, (Temp, DO, pt
Station ID | Chlorophyd TOC NOx, NH3) TP TSS Conductivity), Secchi Deptt

FL4 Monthly Monthly Monthly Monthly | Monthly | Monthly Monthly
I(:I:t8e5r(s:tate 85) Weekly 2x per month | 2x per month ﬁqxoﬁ?r: ﬁqxoﬁ?hr 2x per month Weekly
FL5 Monthly Monthly Monthly Monthly | Monthly | Monthly Monthly
FL6C Monthly - - - - - Monthly
FL6 Monthly Monthly Monthly Monthly | Monthly | Monthly Monthly
FL10C Morihly - - - - - Monthly
FL9C Monthly - - - - - Monthly
I(:I—I|_izcr)1$vay 50) Weekly 2x per month | 2x per month ﬁqxoﬁ?hr ﬁwxoﬁ?r: 2x per month Weekly
FL2 Monthly Monthly Monthly Monthly | Monthly | Monthly Monthly
FL3 Monthly Monthly Monthja Monthly | Monthly | Monthly Monthly
FL8C Monthly - - - - - Monthly
FL1C Monthly - - - - - Monthly
FL1 Monthly Monthly Monthly Monthly | Monthly | Monthly Monthly
FL11C Monthly - - - - - Monthly
FL7C Monthly - - - - - Monthly
Z;l:li Sucture Weekly 2x per month | 2x per month rznxoﬁttei: rznxoﬁ?i: 2x per month Weekly

aSamples for this station and parameter combination began to be collected as photic zone composites in April 2016

2.1.4 Modifications to Routine Monitoring since 2017 Anual Report

UNRBARoutine Monitoring continued through calendar year 2017 without any substantive chasge

in monitoring, data managementor reporting protocolsfrom 2016. The UNRBAeleased a Request

for Qualifications in May 2017, which resulted in a @ngein the UNRBAVonitoring Program service

provider from Cardno Incto Brown and Caldwel(BQ at the beginning of FY2018Becauseseveral

keyindividuals had moved from the former firm to the latter, key program stdif&ve remained
consistentthroughou the monitoring project An addendum to theMonitoring QAPP was executed

and provided to DEQ to document this chang&he sameCertified laboratory (Environment 1)

remained engaged through this transitionAs part of theUNRB/Aservice provider transitionthe

monitoring database wagnigratedfromCar dno I ncds domain to the UNRBA
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2.2 Special Studies

The UNRBA Monitoring Program includes Special Studies designed to address specific quesdiots
information gaps This section briefly summazes Special Studies implemented as a part of the
UNRBAGs Moni t(see Table@-5)Hach gpecalnstudy is guided by a Study Plan approved
by the UNRBA Executive Directdihese plans include details on data acquisition and quality
assurance protools and are available on the UNRBA websitetip://unrba.org/monitoring -prograrn).
Special Studies results obtained since the previous Annuagport are presented in Sectiord.

2.2.1 Current Special Studies

TheUNRBA currently has three special studies in various stages of data collection, analysis, and
reporting. This section briefly describes each of these studieResults for these studies are
addressed in Section 5.1.

2.2.1.1 High Flow Sampling

This Special Study isised to obtain supplementary water quality grab samples from select
tributaries to Falls Lakeunder high flow conditions which may be undeepresented by routine
monitoring High flow conditions are periods when stream flow increases markedly above normal
flows in response to a rain evenfThis supplemental effort helps to ensure that data are available
when loading to the lake is highData from this study will help to inform the development of
watershed and lake models for Falls Lake.

This Special Studypegan in Fiscal Year 2015Modifications to this special study were initiated in
July 2016 to provide more frequent data collection from the largest tributaries under high flow

conditions, as outlined in the FY2017 Monitoring Plan and the High Flow Stirlsin. Results from
this study are presented irSection 5.1.

2.2.1.2 Lake Sediment Evaluation

The Lake Sediment special study examines the nutrient and organic carbon content of sediment
samples from Falls LakeThese data wil support a more precise understanding of the spatial
variability of sediment charactéstics, bottom water and pore water nutrient concentrations, and
benthic nutrient flux rates in Falls LakeThis evaluation provides information to simulate spatial
variability in benthic nutrient flux The existing version of the Falls Lake Nutrient Response Model
assumed uniform nutrient flux conditions throughout the lakénformation from this study will help
develop a better understanding of the importance of interhautrient loads to the waters of Falls

Lake. Data collection for this special study was conducted in June 2015 and results of this study are
summarized inSection5.2.
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Table2-5. Summary of UNRBA Special Studies

Monitoring Program Compone|

Purpose

High Flow Sampling
(Active studjnitiated in Fiscal Year 20!

Obtain additional water quality grab samples when there is elevated flow at sel
LoadingtationsThese data will be used to determine if water quality in these are
different when flows are elevated and thus conveying more water and loading t
These data will be used to ensure that loading estimates from these tributaries
representative of delivered |dadsilts of this study will be presented in Section 5.

Lake Bathymetry and Sediment Mapp
(Completed studyoncluded in Fiscal Y
2017)

Obtain underwater topographic data for Falls Lake to improve repreke metazish
Collect data to estimate the depth of unconsolidated sediments to aid in the int
the lake sediment samplesatell during Fiscal Year Z&Eults of this study will be
presented in Section 5.

Falls Lake Constriction Point Flux
Assessment

(Completed studyitiated in Fiscal Yea
2016 and concluded in Fiscal Year 20

Obtain water quality and velocity measurements through primary constriction p
Falls Lake to 1) provide data at a finer temporal scale threnDv€Raubnitoring, 2)
quantify how material moves from one lake segment to the next, and 3) provide
model calibration to ensure that the model is accurately representing changing
time steps that match stesrh lake responBesults from this study were presented
2015 and 2016 Annual Reports available dniing/atrba.org/monitorifarogram

Falls Lake SedimEwaluation

(Completed studyo beconcluded frisca
YeaR018

Evaluate nutrient concentrations in Falls Lake sediments to improve estimates
loading of nutrients from the lake sedifhes¢sdata will be used to evaluate sedinr
models that may be used to estimate nutrient loadipgpsiu information to facilite
planning for a potential EPA study of in situ sediment nutridRgselisasiethis study
will be presented in Section 5.

Storm Event Sampling

(Completed studgitiated in Fiscal Yea
2015 and concludediscil Year 2016)

Obtain water quality data with automated samplers throughout the elevated floy
associated with storms to improve loading estimates to Thalte ldslita will be used
help verify the accuracy of methods used to develolp&dnganput files for model
effortsResults of this study are described in the 2016 Interim Report available o
http://unrba.org/monitorifgrogram

Light Extinction Data Collection

(Comleted studyinitiated and conclude
in Fiscal Year 2016)

Evaluate historic light extinction data collected in Falls Lake to determine the re
between actual light extinction measurements and Setigfitqegpibtration is an
important paratee for estimating algal production and this evaluation will help d
how well Secchi depth data can fulfill the data requirements for future updates
calibration of the EFDC lake response model and other data analysitappsostst
of this study were presented in the 2015 Annual Report available online at
http://unrba.org/monitoriFgrogram

Basic Evaluation of Model Performant

(Completed studyitiated and conclude
in Fisca¥ear 2016)

Use the existing models (EFDC, BATHUB, and the Falls Lake Framework Tool
conceptual empirical/probabilistic model to support the ongoing evaluation of a
adaptations to the Monitoring Program by helping to ensureltbetiedatarcugh the
Program is appropriate and sufficient for future modelifing éffodisl Performance
Evaluation technical memorandum summarizes the study results available onlii
http://unrba.eg/monitoringrogram

Recreational Use Assessment

(Completed studyitiated and conclude
in Fiscal Year 2016)

Compile available recreational data for Falls Lake and conduct background res
recreational use evaluations on other lakesrandsés the Southeastern U.S. and
elsewhere to 1) assess the current status of the recreational use of Falls Lake .
discussions with NCDWR and EPA on the need for additional recredtiemessttsd
of this study were presentbe i2015 Annual Report available online at
http://unrba.org/monitorifgrogram

Support Development of Alternative
Regulatory Options (Funded in Fiscal
2015 Gontinuing activities are expecte
bepart of the Modeling and Regulaton
Support efforts.)

Meetings with regulators (DEQ and EPA) to discuss alternative regulatory strat
of the Falls Lake Nutrient Management .Shasegyeetings will be used to identify
study exjpgations for support of alternate regulatory approaches and to be sure
monitoring program collects or has access to this infotorationdgeting for such
activities is expected to primarily be part of the Modeling and RegulatotraStipia
was initiated in September 2016 available driliné/atrba.org/monitoriforogram
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2.2.1.3 Lake Bathymetry and Sediment Mapping

The goal of this special study is to improve the accuracy of lak@dels by providing data on the
morphometric characteristics othe lake. The bathymetry component of this special study will map
out the underwater topography of Falls Lake for a better understanding of volume, depth, and shape
of the lake segments Depth data are collected along closebgpaced transects from the upstream to
downstream end of the lakeWhen DWR developed the original Falls Lake Nutrient Response Model,
only 17 depth transects were availableThe bathymetric data collected under this spediatudy

should greatly improve the accuracy of the model grid that will be developed as part of the revised
lake modeling The accuracy of a model grid for the purposes of hydrodynamic modeling is critical for
simulating the fate and transport of magrials in the lake including the cycling of nutrients and

growth of algae

The sediment mapping component of this studyas conducted concurrently with the bathymetric
survey. The goal of sediment mapping is to identify the extent of the lake bottom which has
accumulated sediment compared to areas of packed clay, sand and gravel, or even bedrdtlese
data will improve confidence in benthic flux estimates for use in model developmefite Lake
Sediment Evaluation study (Sectio.2.1.3) conducted in the summeiof 2015 revealed significant
nutrient flux from sediment cores, but also revealed some locations where cores could not be
collected because the lake bed was hardacked clay or rockThese locations are not expected to
have the same elevated flux of nutriats, however the spatial extent that these areas covaras
unknown A duaHrequency echesounderwas used to identify the top of the sediment and the depth
of any compact surface under loose sedimenPlaces where these two depths are the same identify
areas which do not have an accumulation of loose sedimerithis information will be useful in
scaling up estimates of benthic flux obtained from sediment cores.

This study was completed in 2017 and the resultare presented inSection 5.3
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Results and Discussion of Routine
Monitoring through December
2017

This section presents and discusses the Routine Monitoring data collected through the end of
December2017. Where possible, data collected by the UNRBA are comgito those collected by
other entities.

Data Available Online:

This report does not include raw datalhe complete UNRBA database can be
accessed online after setting up a user account dtitp://data.unrba.org/index.php .
Users can review raw data, geerate summary statistics, and obtain detailed station
information.

In addition to ensuring the raw data are available onlinehe UNRBAmMonitoring service providewill
coordinate directly with theU N R B Addsling contractors to assist in preparingscreeningand
providing datafiles for model development.

3.1 Overview of Hydrologic Conditions

The UNRBA Monitoring Program does not collect hydrologic datat relies on data from other public
sources The brief analysis in this sectiorexamines thatdata to provide hydrologic contexor the
overall Monitoring Program.

To illustrate the overall hydrologic conditions for the monitoring period precipitation patterns in the
Falls Lake watershed and the resulting Falls Lake water levelsre evaluated Observedvalueswere
then comparedto historical averages to assess whether the monitoring period was substantially
wetter or drier than average or exhibited unusual seasonal patterrfsor this annual report, these
analyses are primarily meant to provide a qualitative view of the monitoringripd.

Precipitation data was obtained for five National Climatic Data Center (NCDC) rain gages and six
USGS rain gages in the Upper Neuse Basiknnual and monthly precipitation totals were calculated
for each gage and results compared among gages to idéy the spatial variability and comparisons
to the 30-year normal values for the regior-or the UNRBA monitoring period (2014 to 2017), the
annual average rainfall total was 7 to 14 percent higher than the 3gear average Although each of
these years wee slightly wetter than average, the annual totals fall within the middle 50 percent of
annual totals since 1985 It is important to note that whilea given year may bevetter than normal,
specific months can be relatively dry=or example, in 2017, onlyhree months (ApriJun) out of the
year had higher than normal rainfall totals whereas six months showed lower than normal rainfall
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totals. Total precipitation can vary substantially within the watershedcross the 11 stations, the
recorded annual rainfal varied by up to 22 inches (2014) or by as little as 13 inches (2017)

In addition to total precipitation, timing of rainfall can also be importanfor example, particularly

wet springs can deliver large amounts of nutrients which then can fuel algaedns throughout the
summer. In 2006 which was selected as the baseline year to develop the Falls Lake Nutrient
Management Strategy, drought conditions were present for much of the year, but two storm events
late in the year brought the annual precipitatioback up to the typical rangeExtreme patterns such
as these affect water quality much differently than if the same amount of rain were delivered evenly
over the course of a year.

To assess whether monthly rainfall patterns were different from typical was over the past 30
years, precipitation totals by monthvere examinedto identify months or seasons which were
unusual.

Figure3-1 shows how the monthly precipitation from rain gages differs from the 3@ar aveage for

the watershed- zero thus represents the 30year average Values above zero show periods with

more rain than average and values below zero indicate drier period$ie darker shaded region

shows the range of the middle 5(ercentof precipitation values over the last 30 years and can be
considered as a reference range for typical precipitation amounts (i.e., the shaded band can be
gualitatively viewed as rPeepipitaienésmdt inifiogn obentber mal 6
watershed and the spaftal variation in total precipitation for each month is shown by the orange

boxes inFigure3-1. The boxes show the 2%, 50th, and 75t percentiles of precipitation over the

region with whiskers extending to the full range of values observed at the varioas gauges
Measurements which are considered statistical outliers are shown as black dots.

For most months, the majority of the monitoring stations had precipitation within the typical rarsye

in general, the monitoring period appears to have been fgimormal in terms of precipitation

However, in 2015 the months of May and August were notably drier than normal while the months of
November and December were wetter than normah 2016, the summer and early fall were wetter
than average, while Januarwas dryer than averageln 2017, the spring was much wetter than

normal while the remainder of the year was close to normal or drier than normal.

A related analysis was conducted on the water level (stage) of Falls Lake based on daily data
collected by theUSACE (se€igure3-2). For this analysis, median values (dashed line) are based on
data reported from 1987 to present From January 2014 to March 2015, the observed stage (orange
line) in Falls Lake was generallgigher than normal (above the 75th percentile much of the time)
From April 2015 to October 2015, lake levels were very close to the median valkeom October

2015 through January 2016, lake levels were relatively high (generally above the 75th percentdr
most of this time and exceeding the 95th percentile towards the end of Decemhdr) October 2016,
lake levels again rose as a result of excess precipitation from Hurricane Matthéw2017, lake

levels rose due to a particularly rainy spring and thegradually fell to below normal values that fall
and winter.
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Precipitation across the Upper Neuse Watershed Compared to Previous 30 Years
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Figure 3-1. Boxplots Representing Variation from 30rear Normal Monthly Precipitation Totals at Monitoring
Stations in the Falls Lake Waterskd
The darker shaded region contains the 25th to 75th percentile range of monthly precipitation over the preceding 30 yedte orange
boxes display the 75th (top), median (horizontal line), and 25th percentiles (bottom) of precipitation among th&®Bgages included in the
data summary Whiskers extend to the range of observed values; statistical outliers are displayed as black circlesgterm median
monthly rainfall totals range from 2.9 inches in February to 4.4 inches in July.
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Falls Lake Stage (ft)

Observed Falls Lake Stage Comparedto Values from 1987 to the Present
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Figure3-2. Falls Lake Elevation from January 2014 through December 2017

(median values (dashed line) and percentiles are based on data 1987 to present)
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The UNRBA Path Forward Committee expressed interest in seeing the relakignsetween long

term lake levels and those assessed by DWR in its EFDC modeling effogure3-3 shows lake
levels for the DWR modeling period (March 2005 through September 2007), but the baseline year
used to st the Fdls Lake Nutrient Management Strategy nutrient load reduction targets was limited
to 2006. The region was experiencing a relatively severe drought during the modeling period, and
lake levels were at or below median values from March 2005 throughay12006 and from May

2007 through December 2007. A small number of large storms, including Tropical Storm Alberto in
June 2006, brought the lake levels up from June 2006 through April 200Because lake levels
preceding these events were relatively low, b of the nutrient loading delivered to the lake from
these storms was stored foextended periodsof time and likely contributed to some of the highest
chlorophylta concentrations measured in the lake over the past two decaded/hen lake levels are
at or above normal, as with the more recent monitoring period, the residence time in the lake is
generally shorter(because the USACE typically opens the spillway more at the damg algal
concentrations tend to be lower.

260 -
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©
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°© 2 2 & 3 3 2
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Figure3-3.Fal |l s Lake Elevation (stage) in Feet Above Mean

Years 2005 through 2007 (Orange Line)

The historical median (dashed line) and reference ranges (shaded regions) for each day of the yearshown for 1987
through the present.

3.2 Overview of Routine Monitoring Results

This section offers a concise presentation of data for most of the parameters in the Monitoring
Program Most data values are reported as concentrations, which are expressedrasgligrams per
liter (mg/L) or micrograms per liter (ug/L).

The graphics and text below are intended to provide a general understanding of the water quality
parameters and their context based on data observations during the monitoring peritthe first
section, data are presented for all tributary stationsl'hus,jurisdictional stationsare placedin
context with corresponding downstream lake loading stationSection 3.2.2 also displays data from
the lake loading stations, but instead places it in theantext of Falls Lake water qualityn addition
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to displaying figures of individual water quality measurements and summary statistics, preliminary
comparisons of water quality related to compliance with water quality standards are also provided.

3.2.1 Tributary Stations

The series of graphics below provides a concise viewdaita from the Jurisdictional and the Lake
Loading monitoring stations betwen August 2014 and December 2017Box and whisker plots
represent a statistical summary of the data, but each datagint is also superimposed to indicate the

full distribution of the data To highlight data collected since the previous annual report, resufrom
samples collected in 2017are shown in white while outliers from previous resultsaare shown in
black.Obsew at i ons bel ow each parameterds reporting
reporting limit Note that some of the graphics have a logarithmicaxkis to allow the depiction of a
broader range of concentrations on a reasonapsized chart As a guidefor interpreting the box and
whisker figures, anexample is shown below (Figurg-4) with meanings of each component labeled.

10-

O CurrentYear

4 Current Year -
BelowR.L.

Following standard convention
J ¢ : ¢ (Tukey 1922), outliers are values
1 ¥ outlier more than 1.5 times the height of the
box away from the ends of the box

The lines extending vertically out of
the box indicate the upper and lower
<4—— upper extreme <«—— exiremes of the data excluding any
01- points which are considered
: statistical outliers

25% of samples collected were
<4— upper fourth €¢—— above the value indicated by the top

of the box {approximately 0.03) 50% of samples collected were below
<4—— median < this concentration (approximately
25% of samples collected were below 0.018)
0.01- <— lower fourth <— ihe value indicated by the top of the
box (approximately 0.01)

Parameter Concentration (Log Scale)

<4— lower extreme

0.001 -

Site A
Figure3-4. An example box and whisker figure as used in this report and the eaning of figure components

Data points (black andwhite points) are randomly spread horizontally to better show points which
would otherwise overlapBYy statistical convention, the upper and lower extremes represented by the
vertical lines extending oubf the boxes show the range of values that fall below the 25th percentile
(lower quartile) or above the 75th percentile (upper quartile) by up to 1.5 times the difference
between the upper and lower quartile values.
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Within each figure, data are grouped bsubwatershed Within each group, stations on the same

tributary are displayed from the most upstream to the most downstream locatiorhis arrangement

allows quick inspection of whether spatial patterns are preserft at i on | abel s with 0
Lakk Loading stations and stations | abeled with o0(J
Table 22 provides a list of all tributary stations usinghe same station identifiers All stationshave

had data collected over the full monitoring period, expt in the Flat River watershed where

monitoring at station NFRB7 was suspended in June 2015 due to access and safety concerns and

replacement station NFRI1 began in July 2015

Each parameter is presented below, along with general observations of patenoted. Two
parameters(dissolved oxygen and pHjonitored by the UNRBAt JurisdictionalBoundarystations
have numeric water qualitycriteria. The gaphs belowfor those parametersindicate the level of the
applicable statecriterion for each parameter

1 Dissolved oxygerfDO)represents the amount of oxygen in the water available for respiration by
aguatic organisms Oxygen concentrations in surface waters can naturally range from 0 to 15
mg/L or higher. Observed oxygen concentrations are typically thesult of a combination of
physical and biological featuresOn the physical side, water temperature constrains the capacity
of water to hold on to oxygenwWater can hold more than 14 mg/L of oxygen near freezing, but at
60 F°, that is reduced to 10 mg/L,and at 78 °F, water is saturated with oxygen at just 8 mg/L
Oxygen molecules exchange between the air and water such that, absent other factors, the
oxygen concentration in the water approaches its temperatubased equilibrium But, algae,
bacteria, andother aquatic organisms can cause DO levels to rise above or fall below these
saturation values through photosynthesis and respiratiods the concentration diverges from
the waterbodyds saturation point, phedoiygeml|l pr oc:e
concentration back into equilibrium with the atmospherél'he aeration from fast moving,
turbulent streams can bring the water back to equilibrium relatively quickly, but in the case of
calm or even stagnant water, the oxygen exchange across thater surface can happen very
slowly leaving the concentration to be driven primarily by biology. Bacteria breaking down
decaying organic matter can draw oxygen levels down to very low leMélatmospheric
exchange is slow (as in the case of stagnhant wajethese depleted oxygen concentrations can
persist for long periods of time unless replenished through photosynthesis by algae and plants
or a hydrologic event flushes the systenThis ongoing giveind-take between physical and
biological factors driveghe variability observed among streams and within different areas of the
reservoir.

Measured oxygen values are presented in Figures3 The vast majority of DO concentrations
were between 5 and 12 mg/L, but tended to be lower at locations with sloweroving water or
large wetland complexes, including Beaverdam Creek, Robertson Creek, Unnamed Tribtdary
Falls Lake and Ledge CreekThe wide range of values observed within single stations is also
explained by the underlying physical and biological factatescribed above Nearly all the
oxygen concentrations above 10 mg/L occurred during cold months with water temperatures
below 60°C. The lower values tended to be observed in summer and fall when water
temperatures were at their highest and the capacity o¥ater to hold oxygen was at its lowest
Already low oxygen concentrations were exacerbated by warm and dry conditions which caused
discharge from the creeks listed above to slow drasticalls a result, there were times when
these monitoring locations wee essentially stagnant pools of warm water in which bacterial
decomposition of organic matter (which uses oxygen) codldurish.

Within some tributaries, an interesting difference was observed between the Jurisdictional and
Lake Loading stationsComparal to upstream Jurisdictional stations, the Lake Loading stations
on Flat River, Little River, and Ledge Creek all had lower DO concentrations than stations

3-7
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upstream on the same tributary networlor all three of these tributaries, the Lake Loading
stations are located below reservoirs (Lake Michie, Little River Reservoir, and Lake Rogers,
respectively) and the Jurisdictional stations are above the reservoi@mpared to the
contributing streams, the reservoirs offer a different set of factors affectingymen
concentrations, including physically slowed water, reduced turbulence, and an ecosystem
capable of supporting more stable communities of algae and other planktonic organisrbese
differences could have contributed to the lower dissolved oxygen obged downstream of the
reservoirs Alternatively (or in conjunction), reduced discharge from some reservoirs as they
captured the water from upstream could have caused downstream conditions to become drier
with slower moving water, also capable of leading teduced oxygen concentrationdMonitoring
stations which are not separated by reservoirs appear to have very similar dissolved oxygen
concentrations (e.g.stations upstream of Lake Michie on the Flat River and its tributaries, Eno
River, and the Horse 2ek stations)

1 pHis a measure of acidity or alkalinity using a log scale of 0 to 1¥arious metabolic functions
of aquatic organisms, as well as biogeochemical processean be affected by pHMost fresh
water bodies have pH levels near the middle dfie pH scale (7), and North Carolina water
quality criteria requires that pH be between 6 and.%ield measured values of pH at the
Jurisdictional and Lake Loading stations are almost always within this range, with most values
falling between 6.5 and 7.5 Figure3-6).

1 Specific conductances a measure of the ability of water to conduct electricity and is commonly
used as a surrogate for the amount of dissolved ionic substances in the water such as sodium,
chloride, magnesium, potassium, calcium, and other§ hese mineras occur naturally in water
due to weathering of soilsFieldmeasured specific conductance values at the Jurisdictionahd
Lake Loadingstations are generally consistenthroughout the watershedFigure3-7), with most
values lying between 75 and 20QuS/cm. Higher ranges of values tend to occur downstream of
major wastewater treatment plantfWWTPsand small package plantge.g, Knap of Reeds,
Ellerbe, andUpper Barton creeks).
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Figure 3-5. Dissolved Oxygen in Jurisdictional Boundary and Lake Loading Samples from August 2014 to December 2017
The Stateds i nst ant aitererootidsmgl is shewn bsvadatizoontad gaghednine
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Figure3-6. pH in Jurisdictional Boundary and Lake Loading Samples from August 2014 to December 2017
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Figure 3-7. Specific Conductivity in Jurisdictional Boundary and Lake Loading Samples from August 2014 to December 2017
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1 Nitrogenis an essential nutrient for d forms of life. Nitrogen generally comes from sources such
as atmospheric deposition, surface runoff of rainwater, shallow groundwater, discharge from
WWTP9r onsite disposal systems, residential or agricultural fertilizer, and manufditrogen
occurs n water in organic and inorganic formgrganic nitrogens in living organisms (including
algae) and decomposin@nd sequesteredorganic matter. Inorganic forms include ammonia,
nitrate, and nitrite which are more easily usedy algae than organic formsSome forms of
organic nitrogen areresistant to biological processin@nd are virtually unavailable as a nutrient
for algae Total nitrogen is calculated as the sum of total Kjeldahl nitrogen (TKN) and
nitrate+nitrite. Total nitrogenat tributary stationsis presentedin Figure3-8, nitrate-+nitrite in
Figure3-9, ammoniain Figure3-10, and organic nitrogerin Figure3-11. Higher ranges of values
for nitrate+nitrite and total nitrogen tend to occur downstream of majoVWTPsand small
package plants; higher values of ammonia and organic nitrogen occur downstream of these
facilities and in areasdominated byvery slow flowingwetland conditions Organic nitrogen(less
available for assimilation by algapcomprises a substantial fraction of the total nitrogen
observed Ammonia (nost available for algal uptakgis generally the smallest fraction btotal
nitrogen.

1 Phosphorusis an essential nutrient that often enters water bodies in association with soil,
because phosphorus tends to bind with soil particles (particularly with clay soils common in the
Piedmont) Phosphorusis also a component of stamwater runoff, shallow groundwater,
discharge fromWWTPr onsite disposal systems, fertilizers, and manuré&otal phosphorus
includes the orthephosphate fraction which is themost available form for algaproduction. Most
values at tributary stations wre less than 0.1 mg/L, withhighervaluesdownstream of major
WWTPsand in areas dominated byery slow flowingwetland conditions Figure3-12). The
highest concentrations were observed davstream of the SGWASWWTP (KR&.5) in 2015.
During this period SGWASA had been undergoing WWTP upgrades and experienced some
operational disruptions that resulted in relatively high concentrationBata collected in 2016
and 2017 did not have similarly high values.

1 Total sugpended solids(TSSyepresent the amount of particulate material suspended in the
water column Most measuredvalueswere less than 10 mg/L, but there was notable variability
among stations and betweemainfall events within the stations(Figure3-13). Stations draining
relatively small watersheds and those located wery slow flowingareas tend to have higher
concentrations of TSSSample collection following rain events is expected to result in samples
with higher TSS associated with the increased turbidity and sediment transport

1 Total organic carbon (TO®) a measurement of all organic forms of carbon in a water sample
living and nonliving, particulate and dissolvedTOC is often used as a nespecific indicabr of
water quality TOC in a water sample includes algae and other microorganisms, small fragments
of decaying animal or plant material, and animal wast&@he amount and characteristics of TOC
can affect treatment costs for drinking waterFigure3-14 shows the TOC data collected in
tributaries of Falls Lake TOCvalueswere observedbetween 2 and 10 mg/L at most stations,
with values ranging up to 20 mg/L irareas dominated byery slow flowingconditions and
wetland complexes Despite WWTP sites generally having higher nitrogen, phosphorus, and
conductivity (all of which can be indicators of the presence of a WWTP), they do not have
elevated TOC concentrationg his is unsurprising given that the treatment proceds designed
to remove most of the organic matter through biological degradation before it is discharged into
receiving waters.
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Figure 3-9. Nitrate+nitrite in Jurisdictional Boundary and Lake Loading Samples from August 2014 to December 2017
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Figure3-10. Ammonia in Jurisdictional Boundary and Lake Loading Samples from August 2014 to December 2017
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Figure3-11. Organic Nitrogen in Jurisdictional Boundary and Lake Loading Samples from Awgg2014 to December 2017
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Figure3-14. Total Organic Carbon (TOC) in Jurisdiction Boundary and Lake diog Samples from August 2014 to December 2017
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3.2.2 Lake Loading andin-Lake Water Quality Stations

The series of graphics below provides@mparativeview of the data fromthe tributary Lake Loading
stations andthe indake DWR CAAE and City of Durhastations between August 2014 and
December 2017. Box and whisker plots represent the statistical summary of the data, wihta
points from 2017 superimposedto allowa visual assessment oSubstantial changes betweer2017
and the prior years They provide an werview of water quaty for water entering the lakeand within
the lake itself. Boxand whisker plots illustratemedian and percentilesstatistics. Elements of the
boxes and whiskers above the reportg limit are not affected bydifferences in reportingiimits. Thus,
median values shown on the boxes can be compared across all stations

Tributarystations are grouped on the left side of figures and{ake stations are on the right side
Stations are presented from the top of the lakat the left toward the dam on the right This layout
facilitates visualassessment of spatial patterns among the tributaries or from upstream to
downstream in the lake and of apparentdifferences between tributary andn-lake concentrations.
Only stationswith data for each gven parameter are displayedthus there is variation in the number
of stations displayedfor each graph

Lake data come from photic zone composite sampleBWR lake data consist of monthly values from
the same monitoring period ashe lake loading statims. City of Durham data are included for
comparison, but consist of weekly measurements from April throu@ittober and only afte2015
when their GAPPhad been approved by DWRutrient data from CAAE are limited to valuesince
April 2016 whenCAABbegancollectingphotic zone compositesamples as atsome of their sampling
sites. ChlorophyHa data include valuessince August 2014 forsites at which CAAE collected photic
zone composites and since April 201t an additional six stations.

Reporting limits ae shown as horizontal lines under the bar charts when availabReporting limits

are set by individual laboratories and monitoring projects and thus may be different across the
stations displayed All results reported by the lab as below reporting limigse displayed as the
reporting limit Observations below the reporting limits are shown as a red + symbol at the reporting
limit. When more than half of the measured values fall below the reporting limit, the median is
displayed at the reporting limit andndicates that the median is at or below the specified limiThree
parameters have numeric water qualitgriteria (dissolved oxygen, ptand chlorophyHa). Graphs for
these parameters show thes t a nuwnérigal criteria.

1 Dissolved oxygemeasurementsat Lake Loading stations and ifake stationsare provided in
Figure3-15. DOlevelsin the lake and at most Lake Loading stations are usually well above the
4 mg/L criterion. Lake Loading stations irvery slow flowiig areas dominated by wetlands tend
to have concentrations lower than theriterion due to the combination of slowmoving water and
decomposition of organic matter (which consumes oxygeiithe twoCity of Durhamstations
show DO ranges slightly lower thanast other lake stations, which is attributable to the fact that
sampling is only conductedluring the growing season when warmer temperatures mean water
can holdsubstantiallyless dissolved oxygen

1 pH. Most pHvaluesfor in1ake and Lake Loading stationgall withinthes t at e 6 gangefi6t er i a
to 9 (Figure3-16). Values at Lake Loading stations were generally lower thanlake stations.
The higher pH in the lake is likely the effect of algal photosynthesis alinacts to raise the pH of
water. Lower pH is seen in tributaries with low elevation gradients and slowoving water as a
result of the natural organic acids which are prevalent in wetlands and slowoving water as a
result of the decay and breakdown of are living matter.

1 Specific conductivityvalues measured at the Lake Loading stations are generally similar to those
measured at the inlake stations, except for locations downstream of major WWTPs and package
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plants (Figure3-17). Within the lake, conductivitys somewhatlower at the downstream end
than the upstream end OnFigure3-17, note the difference in reporting limits between the
tributary stations (50n&/cm) and the DWR lake stations (14.97&/cm). Only two tributary
measurements have been below reporting levels, as indicated by the red plus symbols on the
reporting limit line for Flat River and Smith Creek.
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The State of North Carolina instantaneous dissolved oxygen (@jerion of 4 mg/L is shown as green line
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Figure3-16. pH in Lake Loading and Lake Samples from August 2014 to December 2017
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1 Ammoniaconcentratiors (Figure 318) in the lake and watershed are generally less than 0.1
mg/L, and concentrations tend to be higher at the Lake Loading tributary stations compared to
the indake stations. Concentrations of ammonia in the upper lake stations rareéxceed
laboratoryreporting limits despite being downstream from the tributaries often with the highest
concentrations of ammoniaThis indicates algae are very rapidly assimilating tHigsrm of
inorganic nitrogen Ammonia concentrations in the downstream end of thake are more often
above detection limits, suggesting there are periods of time when algal production in this region
is limited by some other resource.

1 Nitrate + nitrite concentrations(Figure 319) are highest at tributary stations downstream of
major WWTPsand small package plantsAs with ammonia, concentrations within the lake are
generally lower than in the tributaries, indicating thiorm of inorganic nitrogens also quickly
assimilated by algae.

1 Organic nitrogen concentrationgFigure 320) decline from the upper end of the lake to near the
dam in an amount which closely corresponds to a similar decline in median chlorophyll
concentrations Within the lake, total nitrogen concentrations are similar to the concentrations of
organic nitrogen, indtating that most of the nitrogen in the lake is bound within living (or once
living) organismsFor tributaries, organic nitrogen still contributes the majority of the total
nitrogen (except for downstream fromVWTPsand package plants) but inorganic formef
nitrogen make up a slightly larger portion of total than within the lakkn the lake, median
organic nitrogen concentrations decline from the upper end to near the dam in an amount which
predictably corresponds to a decline in median chlorophgliconcentrations.

1 Total nitrogen concentrationgFigure 321) in tributaries are greatest downstream of major
WWTPs and package plants, and in areas often observed to have slow moving conditions
these slowmoving areas, the nitrogen is primarily in the formf organic nitrogen Within the
lake, total nitrogen decreases from upstream to downstream, arappears to correspondo the
pattern seen for organic nitrogen, which is its predominasbmponent

1 TotalPhosphorus- Like TN, btal phosphorus concentrationgFigure3-22) at the Lake Loading
tributary stations are generally higher and more variable than thelake stations, with the sites
downstream of major WWT$or located invery slow flowingwetland areas havinghe highest
concentrations Within the lake, phosphorus concentrations show a steady decline from the
upstream stations to the downstream stationsThis suggests the lake is assimilating and storing
phosphorus in its sediments.

1 Orthophosphate concentrations (Figure3-23) are shown for Lake Loading stations and the City
of Durham stations DWR does not collect this parameter in the lake because past
measurements have indicated concentrations are typically below theeporting limit of 0.02
mg/L.The City of Dur hamds mleosphateralkfat betotv heiroeportingo t a | or
limit of 0.16 mg/L. Concentrations of orthephosphate at the Lake Loading stations tend to be
higher downstream of WWTPs than at othsites.

1 ChlorophyHais a green pigment in algae that allows them to use energy from the sun to build
living tissue through photosynthesisChlorophyHa content is an indication of how much algae is
present in the water While algae is an important comonent of healthy aquatic ecosystems, too
much algae can cause problems with treatability for drinking water, taste and odor problems, or
drastic fluctuations in dissolved oxygen and/or pH that can cause problems for aquatic
organisms

ChlorophyHa data from tributary and irlake stations are presented irFigure3-24.
Concentrations in tributaries are generally lowdinan those observed in the lakewith the
exception of some elevated concentrations observed irugjgish, wetland areasStreams with
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fast moving water generally do not support large populations of frleating algae
(phytoplankton); rather, algae in these streams is typically found in forms attached to rocks and
debris (periphyton)and therefore notcollected within achlorophylta water sample When

streams are slowmoving, phytoplankton may become more abundant

Within the lake, chlorophyla concentrations decrease from the upstream to the downstream

end. Ofthe 473 observations collected by DWRnal CAAE (2014 to 2016) above Highway 50
within the upper portion of the lake, 09 exceeded 40 pg/L Of these exceedances, 15 occurred

in the tributary arms of the lake (including Little Lick Creek (LLCO01), Lick Creek (LI01), and Ledge
Creek (LCO01)). In 207 alone, 106 out of 208 observationsexceecded the 40 pg/L criteria

stations above Highway 5Qvith 12 of these exceedances occurring in the tributary armiligh
chlorophylta concentrations were first observed in January and February before falling to more
normal levels near the beginning of ApriHigh concentrations were later observed in May and
June following very large storms that occurred towards the end of April. This high flow event may
have flushed nutrients and algae into the upper part of the lakend eventually, into the lower
section.

Ofthe 334 measurementscollected by DWR and CAAE014 to 2016) below Highway 50 and
within the main channel of the reservoiright exceeded 40 pg/L These eight exceedances all
occurred in 2014.Ofthe 33 obsenations in tributary arms of the lake below Highway 50, only
two were above 40 pg/Lduring these yearqddownstream of Lower Barton CreefeL11Q). As
with the upper segmentof the lake, a highemproportion of samples exceededhe 40 pg/L
criteria in 2017 than in previous yearg49 out of 156) with most of these exceedances also
occurring in January, February, May, and June.

In contrast with prior years, there were two distinctly elevated peaks in chloropiaythroughout
the lake during 2017, one in Februay and the other in MaylIn both cases, levels dropped
rapidly to more typical levels by the following monitoring eveiihere was a smaller peak
September 2017, but it did not involve all stationsThe specific cause of these algal blooms is
not known, alhough one of the two larger occurrences followed a large rain event by several
weeks and may have been triggered by inputs of nutrients from that event.

1 Total suspended solidgTSS)alues are shown irFigure3-25. TSSconcentrations are more
variable over time within each tributary than within any lake sitd hisvariation is a result of
tributary flow conditions with high flows capable of carrying more material and keeping it
suspended longer than low flow condiins. Median TSS concentrations observed in the five
tributaries discharging upstream of-85 are lower than those observed in the lake itself,
although values during high flow conditions can be seveifald higher than median lake values
The wide and shdbw shape of the upper lake allows for frequent resuspension of sediment,
thus keeping TSS concentrations elevated even when inflows from tributaries have low TSS
concentrations Within the lake, TSS declines from median values around 20g/L near the
Highway 85 Bridge to values less than Bng/L near the dam This difference indicates a loss of
TSS to the sediments as water travels downstream; the narrow, deeper shape of the lower part
of the lake generally inhibits resuspensian

1 Volatile suspended solid§VSS)Figure3-26) represents the fraction off SSassociated with
combustible (organic) materialMonitoring of VS®egan in July of 2015 in response to a review
specific to a model applicationVSS is a measurehat includes organisms such as algae and
zooplankton as well as dead and decaying material which could be used to support model
parameterization and calibratonWi t hi n t he | ake, VSS is typically
except for the most upstreansite near Interstate 85 Here, highchlorophylta concentrations
and frequent resuspension of organic sedim#s likely contribute to measuable concentrations
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of VSSin all tributaries except Little Lick Creek, more than half of VSS measurements were
below reporting limits Comparing the relatively low or undetectable VSS concentrations to TSS in
the tributaries supports the idea that most of the suspended material entering the lake is not
organic

1 Organic Carbon Organic matter is a concern in water sygly reservoirs because it can react with
disinfectants used in water treatment to produce a wide assortment of chemical compounds
generally called disinfection byproducts (DBPs). Some DBPs have been recognized since the
1970s and some types are regulatedby the EPA because of their potential negative health
effects. However, hundreds of types of potential DBPs exist with very little known about them,
their risks, or details of how they formGiven the complexity of organic molecules and the sheer
variety n molecular structures, research on DBPs is relatively in its infancy

High concentrations of organic matter in source water can lead to higher concentrations of DBPs
and therefore higher treatment costs to reduce their formation, but not all types of argc

matter react the same way or yield the same byproductalthough characterizing the reactivity of
hundreds of molecules in a water sample is not possible, some simple tools measuring visible
and ultraviolet absorbance of water samples at specific walemgths can provide some insight

on the organic matter character

Organic matter can be measured as either Total Organic Carbon (TOC) which includes particulate
and dissolved forms, or Dissolved Organic Carbon (DO&ith respect to DPB formation, DOC is
the primary focus The TOC dta shown in Figure 27 includes both particulate and dissolved
fractions. Based on TOC and DOC data collected in the first two monitoring years, approximately
95 percentof the TOC was consistently in the dissolved form (DOBYcause DOC can be
accurately estimated from TOC measurements, and since DOC is a relatively expensive
parameter to collect, the UNRBA dropped DOC from the list of parameters collected at Lake
Loading stations in FY2017 in favor of using TOC is used apraxy. As shown inFigure 327,

TOC concentrations at Lake Loading stations in the lower part of the watershed (mostly
downstream of Beaverdam Impoundment) are generally lower and less variable than those
observed at the other Lake Loading stations and Wit the lake. The highest concentrations are
observed at Lake Loading stations dominated by wetland complexes and/or very slow flow
conditions.

1 Light Absorbanceat 440 nm/Color - Humic matter, often the major organic constituent of soil,
can enter lakes hrough runoff and stream flow with two categories of impact to the reservoir
First, humic compounds can be precursors to disinfectionpyoducts if not removed from water
before chemical disinfection. Second, they can impart a yellow to brown hue to tiater, and
depending on its darkness, it can reduce the amount of light available to algae for
photosynthesis. Color can be measured by visually comparing filtered water samples with known
Platinum-Cobalt standards (RCo) Absorbance of visible light at 40 nm can also be used as an
indicator of color since it specifically targets the yellow or brown material typical of humic
substances Because results from the two methods were well correlated, the UNRBA stopped
using the more expensive and less precisd@inum-Colalt method in FY2017 Figure 328
indicates that color is higher in tributaries that are slomoving and most influenced by
wetlands. This follows a similar pattern to the TOC concentrations, suggesting that humic
substances may be a significantomponent of the TOC in tributarie€olor in the lake is
generally lower than in the tributaries and decreases somewhat from the upper lake to the lower
lake.

1 UV Absorbancet 254 nm can be combined with measurements of DOC to measure carbon
specific UVabsorbance (SUVA) which is used as an indicator of the aromatic (shgped)
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nature of the DOC structure. This molecular shape is also associated with the formation of DBPs.
UV absorbance a254 nm is presented in Figure 29. It presents a pattern simiar to

absorbance at 440 nm and indicates that humic matter is most prevalent in the tributaries with
substantial wetland influence Values within the lake show a slight downward trend from the

upper lake to the lower lake.

1 Specific UVAbsorbance is a metd of the molecular complexity of the dissolved organic matter in
a water sample which reflects how easily it can be digested by microorganisithés also
correlated with the potential formation of disinfection bgroducts from water treatment Specific
UVAbsorbance is shown in Figure-30. The SUVA in the lake samples is lower (less complex
forms of organic matter), consistent with algal production being a major source of this material.
Tributaries tend have higher (more complex) values, consistent witder, refractory terrestrial
organic matter, although sites downstream from WWTPs also have lower values.
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Note the dfferent reporting limits among monitoring organizations (0.1 for the City of Durham, 0.02, for DWR, 0.0175 for CAAE, and @0 UNRBA).
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Different monitoring organizations have different laboratory reporting limits as seen by thistinct locations of the red symbols Each red symbol indicates an observation

below the respective laboratory reporting limit.
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Figure 3-28. Color (absorbance at 440nm) in Lake Loading and Lake Samples from August 2014 to December 2017
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Figure3-29. Absorbance at 254nm in Lake Loading and Lake Samples from August 2014 to December 2017
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341
UNRBA 2018 Annual RepoktFinal



Upper Neuse River Basin Association Monitoring Program
Annual Report Section &

1 PhytoplanktonAlgal Assemblagelata collected by DWRIn addition to water quality
measurements, DWRilso conducts evaluations ophytoplanktonalgal assemblages from three
locations in Falls Lake in order to assess changes over time (yéayear and monthto-month).
DWR has provided this data set and it is included in the UNRBA datahal@s section is
primarily intended to provide a graphical overview of this dataset to show the kind of information
available rather than an indepth analysis of algal dynamics in Falls Lake.

Figure 331 through Figure3-33 show te estimated biovolume data for eight algabxonomic
groups at the upstream (NEUO13B), midlake (NEUO18E), and downstream (NEUO19P)
monitoring stations The figures illustrate the substantiabiovolumedifferences among these
eight phytoplankton groups, asvell as the dynamic shifts in abundance within most of the
groups through time Visual comparison across the figures shows variation within the same algal
group from one location in the lake to another, indicating that algal abundance is not uniform
amongsegments of the lake at a given timeFor all three locations, the thre¢axonomicgroups
with the largest estimated biovolume are Blugreen Algae, Diatoms, and Prymnesiophytes
(haptophytes) Aside fromchlorophylta concentrationspresent in the algae there are no
regulatory standards or formal guidancen criteria regarding algal biovolume in North Carolina
Since the EFDCand WARMFnodels have algorithms to simulate production of diatoms, blue
green and green algagthese data may provide value for #hlake modeling efforts Analysis of
algal community structureas related to various water quality parameters may reveal
relationships that could be ofassistanceduring empirical modeling effortsHowever, these
determinations would need to be assessed @hacted on as the UNRBA moves through the
Modeling and Regulatory Support component of the Reexamination effort.
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NEUO13B
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Figure3-31. Algal Biovolumes at Station NEUO13B (near Interstate 85)

Of all three monitoing stations, this site shows the clearest yean-year patterns in algal biovolume for blugreen algae,
prymnesiophytes (haptophytes), and euglenoidSamples are collected monthly and only samples with these taxa present
are showrfia data point on this fgure means the taxa was present.
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NEUO18E
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Figure3-32. Algal Biovolumes at Station NEUO18E (mithke)

Annual cycles of elevated summer and fall blugreen algae populations are apparent in this figurelhe vertcal scale on
this figure (and across all suHigures) is held constant across all three stations for ease of comparison
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NEUO19P
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Figure3-33. Algal Biovolumes at Station NEUO19P (near Upper Barton Creek cove)
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3.2.3 Tributary Loading

The figures previously presenteih this reporttypicallydisplay results in terms of thegquantified
amount of a substance that occurs in one liter of watér concentrations present at the time of
measurement Concentrations, however, i@ not indicative ofthe total amount of a substance thats
actually moving downstreamif high concentrations of a constituent are measured in a stream with
very little moving water, the total amount of constituent delivered to Falls Lake will be low pigsthe
high concentrations observedTherefore, it is important taguantify the total load of each constituent
(i.e, mass delivered) which depends on both concentration and the volume of water delivered by
each contributing tributary to Falls Lake

Figure3-34 shows therelative total water volume of each tributary to Falls Lake based on éhbasin
proration method whichwas previously evaluated fothe UNRBA (Cardno 2014a) his proration
method calculates flowfor ungaged streams using drainage areas arftbw measurementsobtained
from gaged streams in the Falls Lake watershed between August 2014 and December 20iake
loading stations in the figure are ordered left to right from highest to lowest drainage aréae
stations with the two largest drainage areas (Flat and Eno Rivers) together account for more than 50
percent of the water delivered to Falls Lakdhe five largest tributaries account for almost 80
percent of the water delivered to Falls Lakén cortrast, the six smallest tributaries together account
for less than 5percent of the water delivered to Falls Lak&he influence of constituent
concentrations is greatest when they occur on tributaries delivering the most water to Falls Lake
Blevated con@ntrations on small tributaries could contribute to localized regions of higher
concentrations near stream outlets.
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Figure3-34. The Contribution of each Tributary to the Total Water Load to Falls Lake thg the Monitoring
Period of August 2014 through December 2017

The contribution is provided agn estimated percentage of total water delivered to Falls Lake coming from each tributaifyributaries are
ordered from largest to smallest drainage area (lefotright).
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Ultimately, lake models require estimates of tributary loading through tim®everal techniques can

be used to interpolate betwen measurements, and the choice of technique can impact the load
estimates The model er s who de fthée Falfs batke NDtWWeRtGResponse Madelo n o
used a straightline interpolation between monthly samplesOtherempirical approaches involve

more complicated techniques to represent relationships between concentration and flovhe

UNRBA has selected the WARMtodel to predict the flows and loads entering the lake
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Extended Analysis and Discussion

This section providesan expanded discussion anénalysis of the Monitoring Program and some
significanttopics. This discussionis intended © inform the modelingand regulatory support efforts
Thisdiscussionwill be further expandedwithin the concluding monitoring eport after the successful
completion of the currentwater quality samplingplan which is scheduled for completion i@ctober
2018.

4.1 Land Use Patters

Correlation statistics were developed to look for potential relationships between land use

composition and water quality measwments for stations monitored by the UNRBA in the watershed

For this analysis, 2011 National Land Cover Data was usdedure4-1) (the 2016 dataset has not

yet been released)The analysis was done by performin S p e a rankaarérse |l at i on ( Spear
rs) between the mean water quality values for each station and the acreage of each larse type in

the stationds catchment ar ea, and as wel | as stan
percentage of each land use type

Using S p e a r maatuéssthe following observations were noted (correlations with land cover are
listed from strongest to weakest in each statement):

1 Overall, only a fewnoderatelystrong relationships were observed from this simple correlation
analysis using all stations and all catchments togethefhat does not necessarily mean there
are not relationships pregnt at smaller temporal scales or within individual catchments.

1 Where apparent relationships were noted, mean water quality concentrations were more
strongly correlated with percent land use in the catchment draining to each station than actual
acreage This observation validates the approach used by the Watershed Analysis Risk
Management Framework (WARMF) selected by the UNRBA to model the watershed.

1 Themoderaterelationships (> & = 0.50) were:
- Specific conductivitywas positively correlatedvith percent Developed Land @g= 0.64)
- Specific conductivitywas negatively correlatedvith percent Forested Land = -0.56)
- Total organic carborwas positively correlatedvith percentHerbaceous Land g= 0.63)
- pHwas negatively correlatedvith percentHerbaceaus Land (g = -0.59)
- Total organic carborwas positively correlatedvith percent Wetland Cover g= 0.58)

- Total Kjeldahl nitrogenwas positively correlatedvith percentWetland Cover (positive
correlation, & = 0.59)

- Dissolved oxygemnvas negatively correlted with percentWetland Cover g= -0.60)
- ChlorophyHa was positively correlatedvith percentWetland Cover g= 0.50)
- Ammonia nitrogenwas positively correlatedvith percentWater (g = 0.51)

Several of these relationships have been noted in previsannual reports For example, stations
around slowflowing wetland areas have shown higher TOC, Chl a and TKN concentrations, and
commonly have lower DO levels, than other statiorisis not surprising that percent forested land
was negatively correlatedvith TOC, since this suggests that forest areas tend to retain or sequester
organic carbon
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Figure4-1. 2011 National Land Cover Data for the Falls Lake Watershed

4.2 Hydrologic Soil Group Patterns

Routine Moritoring data indicates that stations located in nofiowing, wetland dominated areas

tend to have higher concentrations of total phosphorus, TOC, and chloropayind lower
concentrations of dissolved oxyge Wetlands have different hydrologic and waterglity
characteristics than other undisturbed land uses in a watershed, and understanding how wetlands
may affect the water quality characteristics of the tributaries and the lake will be an important
consideration for the reexamination strategy and nutent management plans that are developed for
the watershed Wetlands are often located in areas with poor draining soils, and the NRCS classifies
soils into hydrologic soil groups (HSG) based on their drainage characteristiéggure4-2 shows a

map of HSGs in the watershed relative to the location of the UNRBA monitoring stati@wsls in the
watershed range from those with moderately high infiltration rates (H&}to those with low

infiltration rates (Group D)Due to the poor drainage characteristics of HSG D soils, they are often
associated with the presence of wetlandg-igure4-3 shows the distribution of water qubty

parameters based on thedominant HSGwithin each monitoring statiod s c at ¢ h.i@total ar e a
phosphorus, ammonia, and organic nitrogen, concentrations at sites with HSG D soils tend to be
somewhat higher than those with HSG B or C so#f©r nitrate+nitrite, higherconcentrations are
observed at siteswith HSG B or C soil$~or TOC, concentrations tend to increase as infiltration rates
decrease, with HSG D soils having the highest concentrations of TOC observed in the water$tozd
chlorophylta, HSG B tends to have lower concentrations than many sitesated on HSG C or D

soils.
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