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The Upper Neuse Rlver Basin Association
Pathway to a Re-examination of the Falls Lake  |gnrba
Nutrlent Management Strategy
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The History of Falls Lake

* Initial primary focus on flood control
* Authorized in 1965

» Water Quality Agency Predicts
eutrophic conditions and violations
of water quality standards

* Began to fill in 1981 (filled during a

drought)
* Reached full pool by 1983 ._
¢ Water Quallty better than pred|Cted Photograph of workers on an old wooden dam uncovered during construction of Falls Lake Dam in the late-1970s.

When this photo was taken, the wooden dam was over 150 years old and covered by silt, mud, and water. Photograph

courtesy of the US Army Corps of Engineers.

Photograph courtesy of the US Army Corps of Engineers as
cited by the Wake Forest Historical Museum.



Controversy and Concern Follows Falls Lake

* Environmental concerns about Growing Season Average Chlorophyll-a
removal of a free-flowing river and -~ 70
resulting quality of the lake g
- Environmental studies indicated it = 40
would be over-enriched with nutrients Eg‘ .JJ_I
» Listed on NC’s 303(d) list for s 0

1984, 85,86 2015, 16, 17, 18

chlorophyll-a in 2008
* Falls Lake Rules adopted in 2010 The predicted lake-wide average based on models

- Data and analysis indicates water developed in 1983 by NCDEM was 75 ug/L.
quality is better than predicted and
has improved over time
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UNRBA Members and Perspectives

Members

* Six counties
*  Six municipalities
* One water utility

* Soil and water
conservation districts

Perspectives

 Urban and rural areas

* Point and
non-point sources

* Local governments

* Agriculture

* Institutions

- State and federal entities
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Falls Lake Reservoir Provides Multiple Purposes

* Provides drinking water for
550,000 customers

* Minimizes flooding
* Regional recreational facility

* Provides habitat to aquatic and
terrestrial wildlife

* Protects water quality downstream




Regulatory Context

* In 2005, the NC legislature directed the NC Environmental Management

Commission to
* Study water quality in drinking water supply reservoirs serving more than 300,000 persons

* Adopt nutrient control criteria for impaired reservoirs or those that may become impaired within 5
years (Falls Lake listed in 2008)

* Complete studies, modeling, and management strategy development within 3 years
* Timeline was extended to January 2011 in later bills

* In 2010, the legislature created the Falls Lake Watershed Association (FLWA)
(the UNRBA also does business as the FLWA)

* In 2011, the Falls Lake Nutrient Management Strategy (Falls Lake Rules)
were passed with the goal of attaining the chlorophyll-a standard everywhere

INn the lake



The Consensus Principles

* Initially there was friction among the UNRBA members
with two different perspectives

* This is our water supply, and its quality is critical to
our service area and economy

* These rules are a burden on the upper jurisdictions

* Consensus Principles were established by UNRBA
members during development of the Falls Lake
Nutrient Management Strategy

» All parties agreed to the protection of Falls Lake as a
drinking water supply

* Resulted in language in the Rules that allowed for re-
examination if certain steps were taken

* Provided the framework for the UNRBA
re-examination process and a funding mechanism




DWR 2011 Falls Lake Nutrient Management Strategy

* DWR models were finalized in 2009 using data from
2005 to 2007 (with limited time and resources)

» Establishes two stages of actions and assigns load Existing New
reduction targets for individual sectors Development Development

* Includes the highest nutrient reductions ever passed

in NC (77% Phosphorus, 40% Nitrogen) Wastewater
* Required reductions exceed limits of technology Treatment Plants
* Uncertain that chlorophyll-a standard could be

achieved everywhere in the lake State and federal
* The total strategy is estimated

to cost over $1.5 billion

» Strategy allows for a re-examination of Stage Il based
on the Consensus Principles



Falls Lake Challenges

 Dam construction on the river resulted
in flooded topography and shallow
areas difficult for attaining the
40 pg/L chlorophyll-a standard

* Exceedances of the chlorophyll-a
standard resulted in the lake being
303(d) listed

* The watershed is approximately 74%
unmanaged (forest, wetlands,
unmanaged grassland/shrubland,
open water)

* Watershed and lake sediments are an
ongoing source of nutrients

Percent of Falls Lake Watershed Area (477,790 acres)

DOT, 3% Barren, 0%
Agriculture, 10%

Urban, 13%

Open Water, 1% _ e——— Forest, 61%
Wetland, 2%

Unmanaged
grass/shrub, 10%




Components of the Re-examination

* Use a science-based approach to nutrient
management

* Protect water quality in Falls Lake and continue to
meet designhated uses

* Use local resources effectively

* Balance science, policy, and water quality goals
develop a revised nutrient management strategy
that is technologically feasible and economically
viable




Framework for the Re-examination

Cost Benefit

Analysis "rﬁ \
Data and

Models Reexamination

\

Workable
Strategy?

ﬂ Yes
Test No N
Management/ </
Regulatory Implement and

Options Adapt as
Needed
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UNRBA Knowledge Base for the Re-examination

o UNRBA Description of the Modeling Framework, 2014 *
o UNRBA Monitoring Plan, 2014 *
o UNRBA Monitoring Quality Assurance Project Plan (QAPP), 2014 *

o Evaluation and Selection of Model Packages for the UNRBA Modeling and
Regulatory Support Project, 2017

o Conceptual Modeling Plan, 2017

o Data Management Plan, 2018

o Four-year monitoring program (August 2014 through October 2018) *
o UNRBA Modeling QAPP, 2018 *

o Comprehensive UNRBA Monitoring Report, 2019

o UNRBA Decision Framework, 2020

* State Requirements for the Re-examination as described in the Rules

2022 Falls Lake Nutrient Management Study Research Symposium


https://www.unrba.org/sites/default/files/FinalDescriptionofUNRBAModelFramework_June12_2014_marked%20approved.pdf
https://www.unrba.org/sites/default/files/DWR_Approved_UNRBA_MonitoringPlan_20140715.pdf
https://www.unrba.org/sites/default/files/Approved%20UNRBA%20Monitoring%20QAPP%20-%20Version%201p1%2012717.pdf
https://www.unrba.org/sites/default/files/reexam-files/Model%20Package%20Selection_02%2007%202017.pdf
https://www.unrba.org/sites/default/files/reexam-files/Conceptual%20Model%20Plan_final_0.pdf
https://www.unrba.org/sites/default/files/reexam-files/FallsLake-ModelDataManagementPlan_September_2018-Final.pdf
https://www.unrba.org/sites/default/files/reexam-files/UNRBA%20Modeling%20QAPP%201.0-02%2028%202018-ApprovedForWebsite.pdf
https://www.unrba.org/sites/default/files/UNRBA%20Decision%20Framework_Final%20BODreview_v7.pdf

UNRBA Watershed and Lake Data Collection and Studies

Total Kjeldahl MNitrogen as N,mg/

* UNRBA monitoring program
https://www.unrba.org/monitoring-program

* Four-year program
* At least monthly sampling
» 38 stations in the watershed

Concentration (mg/l)

* Supplemental data collected at
12 DWR lake monitoring stations

* Designed to fill data gaps and support
modeling efforts

* Routine monitoring
* Special studies

e UNRBA Data Summary Report

13


https://www.unrba.org/monitoring-program
https://www.unrba.org/sites/default/files/UNRBA%202019%20Annual%20Report%20Final.pdf

Integration of NC Policy Collaboratory Research
into UNRBA Re-examination

EVALUATION OF NUTRIENT
V,‘\’AACT)EFEEE'\]%D LAKE MODELING DESIGNATED MANAGEMENT
USES AND OUTREACH
Stormwater Water movement Algal toxin P:z,i[?ii ::(,:r
retrofit studies evaluation management
Nutrient reaction
rates
Onsite
wastewater Community
trea’:ment LaleeliaT Carbon cycling outreach an;i
systems processes engagemen
evaluation

In addition to the studies, the NC Collaboratory is also providing third-party review of the UNRBA
models as an additional quality assurance measure.



In Situ Observational Study of Water Circulation and
Associated Properties in Falls Lake, North Carolina

Rick Luettich, Tony Whipple

UNC-CH Institute of Marine Sciences

Harvey Seim, Ollie Gilchrest

UNC-CH Department of Earth, Marine and Environmental Sciences



Research Questions

* What are the primary circulation pattern(s) in Falls lake?

* time-scales shorter than long-term averages and longer than a few hours

* How does along lake circulation vary (Years 1-2)

* Inflows / Outflows
* Physical Properties
* Seasons

* Implications for Water Quality
* Localized velocities may affect localized water quality



Instrumentation

* Year 1-2: November 2019 — February 2021
* Year 3: August 2021 — September 2022

 Water Temperature & light
moorings @ 0.5 m vertical
spacing — every 6 min

 Water velocity @
0.5 m vertical

resolution — every
10 min
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Fish Dam Rd- February 2020
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Water Height Relative to Full Pool (m)

Hwy 98 - February 2020

Depth-Averaged Velocity and Water Height
T I

2 T ——— | . ’W 0.2
ATyt e A My
WWWWN MWWVM[ \\_& M’W\W — Water Height
1 70 Velocit
y
—L_
~—
o = \ \ | | | 0.2
Feb 01 Feb 05 Feb 09 Feb 13 Feb 18 Feb 22 Feb 26 Mar 01
Along Channel Velocity 2020 Downstream
2 0.2
A L | :
-2 ' [ 0.1 3
-4 3 | 0 =
-6 110 ol L i £
8 i BN el Ll ! ‘ -0.1
-10 P A ' 0.2
L L L (Ll :
02/01 02/05 02/09 02/13 02/18 02/22 02/26 03/01 Upstream
Temperature

02/05

02/09

Wi

02/13
Discharge

02/18 02/22

02/26

I109

03/01

02/09

02/18 02/22

02/26

Highway 98
River input
Dam

03/01

O = beach/ recreation area
—_—

@® Current meter only

OCurrent meter and mooring

'~
s

O
g
S

L T

Falls Lake Dam
Neuse River




Two-layer flow in Lower Lake
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Key Findings — Year 1-2

Much more complete picture of circulation in Falls Lake
* Median residence time ~11 months

* Along lake flow responds to inflows, dam operation, wind
* Upper lake flows respond most strongly to inflows
* Lower lake flows respond most strongly to dam outflow
* A 5.5hr oscillation frequently occurs along the lake

* Two-layer flow in lower lake ~40% of the time, occurs when temperature stratified



Research Questions

* How does side-arm circulation impact central lake (Year 3)

* Implications for Water Quality
* Localized velocities may affect localized water quality



Year 3 — Central Lake and Side-arms
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in vivo fluorescence (pg/l) from
underway shipboard sampling
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Key Findings — Year 3 (so far)

* Most data has yet to be recovered and processed

* Underway in vivo fluorescence shows interesting spatial structure

* Further analysis needed to determine accuracy, cause and effect, water quality

relevance



Summary Statement

This study has provided a more complete picture of the circulation in Falls Lake than
has previously been available. Along-lake flow responds to inflows and discharge
over the dam; long-term median residence time in the lake is a bit less than a year,
although this can vary substantially depending on the size of inflows and discharge.
A lake-wide 5.5hr along-lake oscillation and two-layer flow in the lower lake (surface
water moving down wind and bottom water flowing in reverse) are often present
and may be dominant when the along lake flow is small. Data in the central portion
of the lake and associated side-arms are currently being collected to help explain
patterns of near surface fluorescence and other water quality variables collected
from underway sampling in this area.



Assessment of zooplankton- phytoplankton relationships in Falls Lake
to guide development of site specific numeric nutrient criteria

Nathan Hall and Michael Piehler
UNC Chapel Institute of Marine Sciences

Falls Lake Nutrient Study Research Symposium
7 April 2022



EPA proposes use of zooplankton: phytoplankton biomass
to set standards for phytoplankton biomass

e EPA Ambient Water Quality Criteria to Address Nutrient
\ Y 4 Pollution in Lakes and Reservoirs (2021)

100
1

Zooplankton biomass (ugfL)
Slope (A log(zoop) /A log(phyt))

10

1 10 100 0.1 1 10 100 1000
Chi a (ugfL) Chia(ugfL)

Data from National Lakes Assessment- summertime survey of >1000 U.S. lakes and reservoirs



Research Questions

1) How does zooplankton/Chl a in Falls Lake compare to similar water
bodies in the southeastern US?

2) Is there a clear inflection point in zooplankton/Chl a for Falls Lake that to
guide development of a site-specific Chl a criterion?

3) Is there a clear inflection point in zooplankton/Chl a for southeastern
reservoirs to guide development of a region-specific Chl a criterion?



Description of Data Set

» Zooplankton collected, identified, counted by Dr. Sandra Cooke (Greensboro College)

* Phytoplankton biomass as chlorophyll a measured by NC State’s Center for Applied
Aquatic Ecology

* Same sampling methods as the National Lakes Assessment
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Falls Lake vs other southeast reservoirs

Median Values Falls Lake SE U.S. reservoirs

Chlorophyll a 35 12

Z00. Biomass 10 36

Zoo. Biomass: Chlorophyll a 0.26 2.3
Falls Lake S.E. Reservoirs

Summer Biomass Summer Biomass

Clad.
31%




Negative relationship between Falls Lake zooplankton and phytoplankton biomass
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Spatial variation indicates strong phytoplankton/ zooplankton coupling
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High zooplankton: Chl a in spring, low zooplankton: Chl a in summer
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Summer might be a bad time to assess trophic transfer via Z:P ratios



Chl a threshold for Southeast U.S. reservoirs
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Similar to threshold identified for shallow lakes (< 4 m) across the U.S.
But, relationship is very weak-other drivers important for zooplankton



Policy Implications

1) Zooplankton: Chl a is low in Falls Lake compared to other
southeast reservoirs. Comparison possibly affected by
seasonality

2) Analyses failed to identify a Falls Lake specific Chl a
threshold based on zooplankton: Chl a

3) A region-specific threshold of 51 ug L' Chl a was calculated.
Confidence in this threshold is low
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