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Introduction

The UNRB/Aodeling teamcalibrated a watershed model for the Falls Lake Watershed using the
Watershed Analysis Risk Management Framework (WARMH)e WARMF model for the Falls Lake
watershed includes an initialization year (2014) and then four years considered for calibration (2015
and 2016) and validation (2017 and 2018). When model development began, it was not known that
iterative model runs(described below)would be required, and the initialization year was used for
establishing the initial conditions prior to evaluatingh model 6 s per f or mance.

This model development process included an extensive, ongoing review and assessment effort.
oThirdpartyd model reviewersfunded by the NC Collaboratorysubject Matter Experts, DWR and the
UNRBA member representatives through the Modeling and Regulatory Support Workg(MRSW)
participated in meetings and received information and materials for their review and input. The
modeling team responded to this input and this process is documented in this appendix.

A preliminary calibration was achieved in the spring of 202ising the default model structure that
assumes the soils within a modeling catchmemespond as a uniform unit rather than separate units
underlying specific land usesReview of the nutrient loads per unit area generated by the land uses
in the watershedmodel (i.e., areal loading rates) indicated that a change to the model structure was
needed. Because of the chemistry of the soils in the watershed (model inputs basedu

Department of Agrialture National Cooperative Soil Surveyata), when the soils aresimulated as
uniform underall of the land uses in a catchment, theesulting simulatedareal loading rates are

very similar across land uses. Because the watershed is 60 percent forested and the modeling team
had access to areal loading rates published by the US Forest Service based on monitoring studies in
the Falls Lake watershed, a keyaal of the change in model structurevas to align the loading rates
from forested areas within the rages of those reported by the Forest Servic&his changeto

separate the soils under each land use in a catchmemtas implemented in the summer of 2021

and revised calibration results were presented to the UNRBA Modeling and Regulatory Support
Workgroup and Path Forward Committee in August and September 202lhe model results were
evaluated after running the fiveyear model three times to observeome separation in the soils

beneath respective land uses.Following additional revievisee below) it was decided to run the

model for five iterations rather than three to achieve further stabilization of the land use loading
rates. The results of the fifth iteration represent the calibrated model for the UNRBA Study Period
summarized in this report and its apendices. Scenarios evaluated with the watershed model are

also evaluated for five iterations.

Additional information regarding how the WARMF model simulates land uses and underlying soils is
provided inthe section WARMF Simulaons of Soils and Land UsesThe importance of hydrology on
watershed loading is discussed ithe sectionsImportance ofAnnualPrecipitation onWatershed
Responseand Evaluation of Storm Size and Delivered Nutrient and Carbon Loads summary of the
US Forest Service monitoring studies is providedthre section Local Monitoring Studies in Forested
Headwater Streams in the Falls Lake Watershed he sectionSensiivity Analyses foRainfall
(Hydrologic Conditionprovides additional informationon these topics

Therevised model output was distributed to Subject Matter Experts aidtird-partydreviewers
(SMESs)in Octaber 2021 to review the model output and specifically thareal loading rates These
SMEsprovidedinput on the model developmenand calibration to water quality concetnations
throughout the project Prior to finalizing the model and relying on its outptd develop the revised
nutrient management strategy for Falls Lake, this final review step was conductesh initial
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conference call was scheduled on November 3, 202and afollow-up call was held December 15,
2021, during which the followingquestions andsuggestionsfor additional evaluationwere provided

1 Inaddition to evaluating average loading rates delivered to Falls Lake, some smaller scale,
catchment level resultswere requested The sction Evaluation and Testing o€atchmentScale
Nutrient Loading Rategprovides catchment scale loading rates for three headwater catchments
as well as comparisons of simulated and observed concentrations where available

1 Loading rates predicted by the WARMF model compared to ranges reported in the literature.
SMEsprovided several references to include in the comparison, and these have been
summarized in this documenin section Comparison of WARMSEimulated Nutrient Loading
Ratesto OtherModeling Studies

1 Additional questionswereraised during these meetings
0o How does the WARMF Watershed Model simulate the processes occurring in the waterghed
o0 What happens if you run the model more thathree times? Would you get further

separation of the soil quality beneath the land uses and more variation in the areal loading
rates? [ultimately five iterations were conducted]

o Why are forest loading rates simulated by the UNRBA model for 2014 to 2018 higher than
those measured by the Forest Servideom 2008 to 20137

o Why arendt the WARMF simulated forest | oading
lower than rates simulated for urban areas?

0 Does the simulated nutrient load from stream bank erosion differ when thedominant
land use in thecatchment is urban versus forested?

0 How dosimulated urban loading rates change under different hydrologic conditions?
How dosimulated urban loading rates compare to other modeling studies?

o Why are simulated loading rates from agriculture for 2014 to 2018 higher than those
typically measured at edge of field?

0 How do the loading rategor agriculture vary spatially acrossthe modelingcatchments?
o How does the source load allocation vary with precipitation condition?
This initial set of questiongaised by the subject matter expertand ¢third-p a r rewe@ers was
answered by running a series of tests and sensitivity analysesing the watershed model. These

analyses were tested onmepresentativecatchmentsrather than the entire watershed modeand are
summarized in thesection Evaluation and Testing o€atchmentScale Nutrient Loading Rates

Thepreliminary draft watershed modeling repoind all appendices weregrovided to the MRSWhe
subject matter experts and DWR modeling staffn June 2022. As part of this reviewprocess
additional questions were raisedtwo of which arealso addressed in this appendix

1 What are the areal nutrient loading rates simulated by the modiar each land use?

1 How does the uncertainty in theates of atmospheric depositionsummarized in Appendix D
affect the modeling result®

1 Why are the simulated loads from forested areas so much different than the loads simulated by
DWR in their009 modeling effortthat was used to develop the Falls Lake Rules?

The first question is answeredising output from the calibrated model and summarizeith the
section WARMF Simulated Average Delivered Loading Rates to Falls lfak&)NRBA Study Period
To answer thesecondquestion, additional sensitivity analysesvere conducted that adjust the rates
of atmospheric deposition of all parameters by plus or minus 25 percent. To answer thigd
guestion, a sensitivity analyss for decreased precipitation was evaluatetbr the entire watershed
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The results of these analyses are summarized in tlsections calledSensiivity Analyses foRainfall
(Hydrologic Conditiopand the Sensitivity Analyses on Rates of Atmospheric Deposition

This appendix also includes the results of a watershed modeling scengpitoritized by the UNRBA
Scenario Screening Group (SSG) and approved for evaluation by the Modeling and Regulatory
Support Workgroup (MRSW) and Path Forward Committee (PH®)s hypothetical scenarisemoves
onsite and centralized wastewater treatment systemseasesnutrient application, and instantly
converts all land uses to forests.This scenario provides a loading estimation of the lowest nutrient
load that could be realized foa watershed of this sizagiven its historyand past activities

Watershed subimpoundments were left in place. Removal of these reservoirs would have actually
increased watershed loading for the woodedatershed scenario (significant nutrient reduction
results from subwatershed drainage moving through the impoundmesit The results of this
scenario are summarized in the sectionand Conversion Scenario to All Forest or Wetland

To compae the simulated nutrient loads delivered to Falls Lake for these evaluatiomssummary
section calledComparison ofDelivered Loads to Falls Lake for the Sensitivity Analyses and Model
Scenariosis provided Summaries of delivered loads from only the upper five tributaries are also
provided for comparison to the nutrient load allocationgrescribed by the State in the Falls Lake
Rules.

This appendix also includes a section callédomparison of WARMEIimulated Nutrient Loading
Ratesto OtherModeling Studies. Additional details about these other modeling studiesre provided
in a section calledSupplemental Information- Study Details

Note: This appendixprovides areal loading rates irboth pounds per acre per year (Ib/ac/yr) and
kilograms per hectare per year (kg/ha/yr) for comparison to areal loading rates summarizbg
other sources(different sources present different units).Note that ane Ib/ac/yr is 1.12 kg/halyr.

This appendix documents the iterative review process of the Falls Lake watershed mo&sveral
rounds of questions, analyses, additional questions arekpanded analyses were conducted in
response to input from the reviewers. This process continued until reviewarsd the MRSW and

Path Forward Committee (PF@)ere sufficiently comfortable with the model structure andesults to
move forward with the lake water quality modeling. Because the WARMF watershed model provides
the input to two of the three lakemodels, this review and approval process was important for
transitioning to lake modeling. Based on this review and input, the MR$WH PFCapproved the
application of the WARMF watershed modtdr use in developing two of the lake models at the

August 2021 and September 2021meetings, respectively

An abbreviated list of contents followto orient the reader tothe iterative review process
documented in this appendix
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WARMF Simulatons of Soils and Land Uses

This section helps address the following questions:

1
1

How does the WARMF Watershed Model simulate the processes occurring in the watershed?

What happens if you run the model more than three times? Would you get further separation of

the soil quality beneath the land uses and moreariation in the areal loading rates?

WARMF is a lumped parameter model, so the land use and sdil®ach of the 264 modeling
catchments are simulated as a unit. WARMF keeps track of the nutrient balances associated with
land useswithin a catchment (nutrient application, crop uptakeharvesting,etc.), but the soils are
usually simulated asuniform across the catchment. For watersheds with soils that bind nutrients
and release them slowly over time like the Falls Lake watershed, this modeling assumption yields
somewhatsimilar areal loading rates (pounds per acre per yeaffom sources across the watershed.
In order to better distinguish the loading bland use, the WARMF option to isolate soils by land use
was applied. Howeverthe initial conditionsmust still be assigned as a catchment averageand

iterative runsare necessaryf or t he soi |l nutr i en fortheabdeltoprevsde t o

loading information that is distinguishable across land use types.

The changes to the model structurand running the model three timegesulted in the model being
able to better distinguish loading ratesof nitrogen, but phosphorus loadingrates remaired relatively
similar across land use types (there are more differences between catchments thiand uses within

a catchment) The phosphorus results are consistent with the general chemical/physical behavior of

phosphorus applied to the land (generally, phosphorus has a high soil adsorption characteristic

whereas nitrogen is less absorbable, particularly the inorganic forma)/ARMF specifies all soils
within a catchment with the same initial soil chemistry, including the nutrierglated soil

parameters. Once the simulation begins, using the new model configuration allows for tracking the
nutrient balance separately for the soils under each land use. As the model runs, the soils beneath

eachland use receie vanjing rates of nutrient applicationin addition to atmospheric deposition.
Unmaraged areas like forestsonly receive atmospheric depositionThus,differences in soil
chemistry and areal loading rates become more apparent the more times the model is run.

Urban land usesare assumed toreceive nutrient application(nitrogen and phosphorusjor

groundcover and landscaping. &ed on local homeowner surveys in the Falls and Jordan Lake

watersheds Osmond and Hardy 2004Fleming 2013), the model used application rates consistent
with this information Cropland and pasturessume county- and cropspecific nitrogen application at

rates provided by the NC Department of Agriculturdssumptions regarding phosphorus application

rates were obtained from the reportDelineating Agriculture in the Neuse River Bagin ( Os mo n d

Neas 2011). The soils are affected by these varying rates of nutrient applicatioBection 3 of the
main reportlist the nutrient application rates for urban and agricultural land uses.
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The calibration presented to the MRSW and PFC in August and September reflected results after
running the model three times. The SMEssked the modeling team to evaluate additional iterations
to see if further separation of thesoils would occur. This evaluation results in changes to the
nitrogen calibration as well. Running the model five times (25 years) results in a relatively stable
model where the load from any single tributary to Falls Lake does not change by more thaze@ent
between successivanodel runs The results in this appendix reflect theutput following five runs.

Importance of Annual Precipitation on Watershed
Response

This section helps address the following questisn
1 How does the WARMF Watershed Model simulate the processes occurring in the watershed?

1 Why are forest loading rates simulated by the UNRBA model for 2014 to 2018 higher than those
measured by theForest Service from 2008 to 2013?

Precipitation is a primary driver of hydrologic and loading responses in watershetisthe Falls Lake
WARMF model, precipitation is simulated for 78 stations based on NEXRAD data provided by the
State Climate Office. For a given year, annual precipitation can vary by up to 20 inches across the
precipitation stations Figure H1). Loading rates simulated for one catchment can vary greatly from
another based on this and other factors (slope, etc.Jor simplicity, this documentefers to
precipitation atRDU as an example of the annual variability.

Loading is a function of flow rate and

concentration. Figure H2 shows the _ o
stream flows at the Flat River above Lake Atthe Flat River above Lake Michieaverage

Michie (USGS gage 02085500for annual stream flow in 2007 (a dry year during a
different years At this example gage, historic drought)was approximately 68 cfs.
average annualktream flow in 2007 (a During 2017 (an average precipitation year),
dry year during a historic droughtyas mean annual streamflow was almost twice as

approximately 68 cfs During 2017 (an high at 121 cfs. 2018 (a wet yeal) had a mean
average precipitation year)nean annual  gnnual stream flow of 260 cfs, almost four

streamflow was almost twice as high at  times higher than the 2007 streamflow.
121 cfs. 2018 (a wet year) had a mean

annual stream flow of 260 cfs, almost
four times higher than the 2007average
streamflow.

Precipitation is the key driver of thennual variation in loadingfrom the watershed to Falls Lake For
example the annual precipitationat RDUin 2018 was 30 percent highercompared to 2017

(60.3 inchesversus 45.6 inche9. Nutrientand total organic carborloads delivered to Falls Lake in
2018 were overtwo times higherthan those in 2017. In other words, the precipitation did not need
to double in order to double the loading ratesThis clearly illustrates the critical role of rainfall in
determining watershed loading.TableH-1 shows theannual precipitation at RDU and simulated TN,
TP, and TOC loads delivered tioe lake loadingwater quality monitoringstations (excluding the area
around Falls Lakg. The ratios of precipitation and loading relative to 2017 are shown in brackets.
Once the soils in the watershed are saturated, stream flows and loads can increase at a+ioear
rate. 2015 had approximately 25 percent higher precipitation than 2017 and nutrient and total
organic carbon loading wa20 to 60 percent higher depending on the parameter. 2018 had
approximately 30 percent higher precipitation than 201and nutrient and total organic carbon
loading was 110 to 140 percent higher depending on the parameter.
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Annual precipitation at stations within the Upper Neuse River Basin
Grey points = station totals, Squares = median of UNRB stations, Red points = RDU
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FigureH-1. Annual Precipitation (1990 to 2020) across the Falls Lake Watershedtop) and at RDU (bottom)
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Mean Discharge, Flat River, Above Lake Michie
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FigureH-2. Mean Annual Streamflow at FlatRiver above Lake Michie (USGS gage 02085500)

Tableg+1. Annual Precipitation at RDU and Simulated TN, TP, and TOC Loads Delivered to the Lake Lo

Upstream of Falls Lake fol dN&RBA Stuiheriod (2015 to 2018)

vear Annual Pr(_acipitation at RDU ( T_N (Ib/yr) T_P (Ib/yr) TQC (Ib/yr)
[ratio to 2017] [ratio to 2017] [ratio to 2017] [ratio to 2017]
2015 57.1[1.25] 1,306,800 [1.6] 128,000 [1.2] 10,031,000 [1.5]
2016 51.3 [1.13] 1,053,800 [1.3] 123,000 [1.1] 8,344,000 [1.3]
2017 45.6 [1.00] 826,800 [1.0] 108,800 [1.0] 6,671,000 [1.0]
2018 60.3 [1.32] 1,859,400 [2.2] 224,200 [2.1] 15,738,000 [2.4]
H9
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Evaluation of Storm Size and Delivered Nutrient and
Carbon Loads

This section helpsaddress the following questions:
1 How does the WARMF Watershed Model simulate the processes occurring in the watershed?

To evaluate the frequency of storms by size and their impact on simulated loading to Falls Lake,
NEXRAD data for thefNRBA studyeriod (2015 to 2018) were processed at four locations
representing areas near Hillsborough, Durham, Roxboro, and Butner. Thehsixr precipitation files
for these stations were analyzed to calculate the total precipitation over individual storm eveots
different size classes as well as the rolling 2dour cumulative precipitation for displaying on time
series figures and evalating 24-hour loads (i.e., precipitation for that time step and the preceding
three).

For the individual storm analysis, storms were identified as periods with continuous precipitation
occurring in sequential time steps which could span multiple days (e.g., over eight inches of rain
were recorded in the Durham area from September 14, 2018 September 17, 2018). During this
period, the highest 24hour cumulative precipitation was 6 inches at this location. At the Butner
location, this storm lasted from September 13, 2018, to September 17, 2018; the total precipitation
amount was 10.3 inches and the highest precipitation within a 24our period was 8.1 inches.

Figure H3 shows the counts by size for individual storms totaling more than 0.25 inches at the four
representative locations. Most of the storms were below 1 inch, which is the design size required by
NC DEQ for sizing stormwater control measures in the PiedmoAs the size class increases, fewer
storms were recorded. In the baseline period (2005 to 2007) and in 2015, no storms exceeded

4 inches at these four NEXRAD locations. During tH&lRBA studyperiod, at least one 4inch storm
occurred in each aea in 2016, 2017, and 2018.

Larger storms generate greater pollutant loads over their duration because they saturate the soil and
exceed the design criteria for stormwater control measuregigure H4 displays the simulated daily
loads versus the 24hour precipitation at the Ellerbe Creek laklading station. Most of the 24hour
precipitation depths are less than 2 inches, and the loads are relatively lowigure H5 displays the
average simulated daily load for different size classes. Both figures illustrate how loading of total
nitrogen, total phosphorus, and total organic carbon increases with storm siZéigure H6 and

Figure H7 show this data for the Knap of Reeds Creek lateading station where the patterns are
similar. A comparison of the WARMF simulated daily loads to those that would be estimated from
observed water quality and USGS gaged flows is providedhia main report this comparison shows
that the simulated daily loads are reasonable compared to estimates based on individual water
guality samples and estimated stream flows.

TableH-2 through TableH-7 shows the total load delivered to Falls Lake at the lake loading stations
on Ellerbe Creek and Knap of Reeds Creek, by year and storm size foldhdRBA studyeriod (2015
to 2018). Bothtributaries include major wastewater treatment plants that discharge during all flow
conditions, and the annual contribution from these facilities is also listed in the tables. Most of the
load reaching the lake occurs when flows are low and 2¥ur predpitation totals are less than

0.25 inches (this includes baseflow conditions). These conditions represent approximately

80 percent of the days of each simulated year, and the average load over at&gur period is much
lower than any other category. The next largest contribution to total delivered load comes from
storms ranging from 0.25 inches to 1 inch, and these conditions represent less than ten percent of
the of simulated days. The average delivered load dugim 24-hour period from storms this size is

4 to 5 times higher than those delivered during baseflowsOneto-two-inch storms contribute the
next largest portion of the total load, and these loads represent approximately 3 percent of the
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AppendixH_SMEReviewSupplementalEvals



UNRBA Falls Lake Watershed Modeling Report AppendixH

hydrologic conditions. These storms contribute
more than ten times the baseflow load during a
24-+our period. The next highest contributors to
the total load are storms ranging in size from 2 to
3 inches. These storms occur on approximately

Thus, the large storms do not contribute
the largest portion of total load delivered
to Falls Lake because they occur

0.5 percent of the days each year durinthe relqtlvely mfrequently_, but over a 2our
UNRBA studyeriod. Loads over a 24hour period they can contribute tens to
period following stormsare approximately 20 to ~ hundreds of times more load than loads
60 times higher than baseflow conditions, delivered under basélow conditions.

depending on the parameter. Storms ranging in
size from 3 to 4 inches occur on 0.1 percdrof
the simulated days, but they deliver loads over
the course of a 24hour period that are approximately 50 to 150 times higher than baseflow
conditions. Storms exceeding 4 inches also occur approximately 0.1 percent of simulated days;
these storms can contribute hundreds of times more than the baseflowdd in a 24-hour period.

Thus, the large storms do not contribute the largest portion of total load delivered to Falls Lake
because they occur relatively infrequently, but over a 2¥ur period they carcontribute tens to
hundreds of times more load than loads delivered under baseflow conditionBased on algal

response and lake detention times during these high flow events, this additional loading could be
critical in impacting algal levels following these event$his could be localized in arms of the lake or
more widespread if the high rainfall event is distributed over a large area of the watershed (such as a
hurricane or tropical storm systems moving across the watershed).
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FigureH-3. Storm Sizes by Year and Station for Representing Four Areas in the Watershed
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Average Daily Total Nitrogen Load
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at Ellerbe Creek Lake Loading Station
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FigureH-6. Simulated Loads and 24hour Cumulative Precipitation Amounts

at Knap of Reeds Creek Lake Loading Station
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FigureH-7. Average Daily Simulated Loads by 2#our Cumulative Precipitation Size

at Knap of Reeds Creek Lake Loading Station
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TableH-2. Total Nitrogen Load Delivered to Falls Lake from Ellerbe Creek at the Lake Loading §
Total Load Delivered to Falls Lakleero

Lake Loading Station AU UL AU AU
24-hr Cumulative Precipitation (inches)
<0.25 69,747 63,587 53,291 69,897
0.251 60,867 38,997 33,025 68,923
1-2 44,035 30,975 17,811 49,175
2-3 13,430 11,144 4,989 16,961
34 4,014 N/A 6,456 7,941
4+ N/A 9,625 9,088 19,287
Total 192,093 154,329 124,660 232,184
Loadlischargetiom major WWTP 82,210 75,839 61,457 83,337
Number of Zdour periodsithin Each Size Class
<0.25 307 310.5 3175 298.5
0.251 42 42.5 37.75 48
1-2 13.75 10.25 7.75 13.25
2-3 1.75 2 1 3.25
34 0.5 0 0.5 0.75
4+ 0 0.75 0.5 1
Total 365 366 365 365
Averageoadper 24hour Period
<0.25 227 205 168 234
0.251 1,449 918 875 1,436
1-2 3,203 3,022 2,298 3,711
2-3 7,674 5,572 4,989 5,219
34 8,028 N/A 12,911 10,588
4+ N/A 12,833 18,176 19,287
Loadlischargetiom major WWTP 225 208 168 228

Loads are presented to the single pound for comparisons across the model report and appendices that prsseatciperéata in vario

This reporting is not to infer precision in the modeling results.

Load discharged from major WWTP is partially attenuated prior to reachiewgBHetbé &lceek this load represents the majority of

total nitrogen load under zero to low precipitation conditions.
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TableH-3. Total Phosphorus Load Delivered to Falls Lake from Ellerbe Creek at the Lake Loadin

G LoaLdaE:t\g;iéosfi;gnl_amm 2015 2016 2017 2018
24-hr Cumulative Precipitation (inches)
<0.25 5,352 4,821 4,730 6,528
0.251 5,357 3,494 3,106 7,143
1-2 4,502 4,072 1,564 4,687
2-3 1,862 2,079 484 1,847
34 396 N/A 1,118 1,245
4+ N/A 667 2,062 8,391
Total 17,469 15,133 13,065 29,840
Load from major WWTP 2,764 2,520 3,152 3,066
Number of Zdour periodsithin Each Size Class
<0.25 307 310.5 3175 298.5
0.251 42 42.5 37.75 48
1-2 13.75 10.25 7.75 13.25
2-3 1.75 2 1 3.25
34 0.5 0 0.5 0.75
4+ 0 0.75 0.5 1
Total 365 366 365 365
Averageoadper 24hour Period
<0.25 17 16 15 22
0.251 128 82 82 149
1-2 327 397 202 354
2-3 1,064 1,039 484 568
34 793 N/A 2,236 1,660
4+ N/A 889 4,124 8,391
Load from major WWTP 8 7 9 8

Loads are presented to the single pound for comparisons across the model report and appendices that prsseatciperéata in vario
This reporting is not to infer precision in the modeling results.
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TableH4. Total Organic Carbon Load Delivered to Falls Lake from Ellerbe Creek at the Lake Load

O G eok Lake Loading Siaion | 2013 A A1 2018

24-hr Cumulative Precipitation (inches)

<0.25 277,420 235,704 205,156 328,086
0.251 246,633 155,202 150,357 292,088
1-2 183,922 132,184 94,962 183,142
2-3 66,393 51,739 17,712 87,621
34 17,641 N/A 24,952 13,291
4+ N/A 56,994 19,788 110,096
Total 277,420 235,704 205,156 328,086
Number of Zdour periodsithin Each Size Class

<0.25 307 310.5 3175 298.5
0.251 42 42.5 37.75 48
1-2 13.75 10.25 7.75 13.25
2-3 1.75 2 1 3.25
34 0.5 0 0.5 0.75
4+ 0 0.75 0.5 1

Total 365 366 365 365
Averageoacper 24hour Period

<0.25 904 759 646 1,099
0.251 5,872 3,652 3,983 6,085
1-2 13,376 12,896 12,253 13,822
23 37,939 25,869 17,712 26,960
34 35,281 N/A 49,904 17,721
4+ N/A 75,992 39,576 110,096

Loads are presented to the single pound for comparisons across the model report and appendices that prsseatctper@ata in vario
This reporting is not to thielevel girecision in the modeling results.
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TableH5. Total Nitrogen Load Delivered to Falls Lake from Knap of Reeds Creek at the Lake Load

G LoaLdaE:t‘gzr;isosf:t'i'gn"amm 2015 2016 2017 2018
24-hr Cumulative Precipitation (inches)
<0.25 42,254 22,886 14,228 41,555
0.251 27,904 10,704 11,673 28,421
1-2 38,223 10,901 5,200 24,689
2-3 4,989 1,475 2,549 11,611
34 N/A 8,601 5,970 9,982
4+ N/A 14,377 19,113 36,002
TotaAll Flows 113,370 68,944 58,734 152,260
Load from major WWTP 53,395 14,573 14,387 11,747
Number of Zdour periodsithin Each Size Class
<0.25 306 316 320.5 296
0.251 48 40 36 50
1-2 10.75 7.75 7 15
2-3 0.5 0.25 0.25 2
34 0 0.75 0.5 0.75
4+ 0 1 1.25 1
Total 365 366 365 365
Averageoadper 24hour Period
<0.25 138 72 44 140
0.251 581 266 329 568
1-2 3,556 1,407 743 1,646
2-3 9,978 5,900 10,197 5,160
34 N/A 11,468 11,940 13,309
4+ N/A 14,377 15,290 36,002
Load from major WWTP 146 40 39 32

Loads are presented to the single pound for comparisons across the model report and appendices that prsseatciperéata in vario
This reporting is not to infer precision in the modeling results.
Upgrades to the South Granville Water and Sewer Authority (SGWASA) wastewater treatment plant (\WWTP)@&ccurred in 2015 and 201
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Table+6. Total Phosphorus Load Delivered to Falls Lake from Knap of Reeds Creek at the Lake Ld

Total Load Delivered to Falls Lakiera

Lake Loading Station AU UL AU AU
24-hr Cumulative Precipitation (inches)
<0.25 5,553 3,669 1,441 4,920
0.251 3,383 2,007 1,436 3,492
12 4,549 1,880 693 3,239
23 960 212 504 1,518
34 1,549 1,112 1,498
4+ 2,713 4,087 11,635
Total 14,445 12,031 9,275 26,302
Load from major WWTP 4,265 2,072 661 645
Number of Zdour periodsithin Each Size Class
<0.25 306 316 320.5 296
0.251 48 40 36 50
1-2 10.75 7.75 7 15
2-3 0.5 0.25 0.25 2
34 0 0.75 0.5 0.75
4+ 0 1 1.25 1
Total 365 366 365 365
Averageoadper 24hour Period
<0.25 18.2 11.6 4.5 16.6
0.251 70.5 49.9 40.5 69.8
1-2 423.2 242.6 99.1 215.9
2-3 1,920.0 847.0 2,017.6 674.7
34 N/A 2,065.4 2,223.9 1,998.0
4+ N/A 2,713.3 3,269.8 11,635.0
Load from major WWTP 12 6 2 2

Loads are presented to the single pound for comparisons across the model report and appendices that prsseatciperéata in vario

This reporting is not to infer precision in the modeling results.

Upgrades to the SGWASA WWTP occurred in 2015 and 2016.
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Table+7. Total Organic Carbon Load Delivered to Falls Lake from Knap of Reeds Creek at the Lake
Total Load Delivered to Falls Lakieefro

Lake Loading Station AU UL AU AU
24-hr Cumulati®recipitation (inches)
<0.25 263,870 188,487 93,249 384,436
0.251 149,418 89,109 92,699 258,889
1-2 184,587 99,494 41,706 229,138
2-3 49,458 14,575 26,067 110,911
34 76,310 58,680 103,137
4+ 145,807 185,784 365,569
Total 647,333 613,782 498,186 1,452,078
Number of Zdour periodsithin Each Size Class
<0.25 306 316 320.5 296
0.251 48 40 36 50
1-2 10.75 7.75 7 15
2-3 0.5 0.25 0.25 2
34 0 0.75 0.5 0.75
4+ 0 1 1.25 1
Total 365 366 365 365
Averageoacper 24hour Period
<0.25 863 596 291 1,299
0.251 3,113 2,214 2,611 5,178
1-2 17,171 12,838 5,958 15,276
23 98,915 58,300 104,268 49,294
34 N/A 101,746 117,361 137,516
4+ N/A 145,807 148,627 365,569

Loads are presented to the single pound for comparisons across the model report and appendices that prsseatctper@ata in vario

This reporting is not to infer precision in the modeling results.

Upgrades to the SGWASA WWTP occurred in 2015 and 2016.
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Local Monitoring Studies in Forested Headwater Streams
In the Falls Lake Watershed

This section helps address the following question:

1 Why are forest loading rates simulated by the UNRBA model for 2014 to 2018 higher than those
measured by the Forest Service from 2008 to 20137The Forest Service data is presented in
this section. Comparison to model results is provided in the catchmestale WARMF simulation
results.

The USDA Forest Service has monitored stream flows and nutrient and carbon concentrations in
six forested, headwater streams in the Falls Lake watershdébm 2008 to 2013 (Boggs et al. 2012).
Hill Forest is in WARMF Catchment #14 (60 percent forest) which includes a UNRBA monitoring
station on Deep Creek Umstead Research Farm is in Catchment #19 which does not include a
UNRBA monitoring station The locations of these research stationare shown inFigureH-8.
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FigureH-8. Location of Forest Service Forest Research StatiofBoggs et al., 2013)

| Upper Barton Cr

The average precipitation during these years was 42 . _
inches per year and the range was37 to 51 inches The average precipitation during the
per year Note that 2008 followed a significant US Forest Service monitoring styd
drought, and the recent monitoring period for the was 42 inches per y_ea,rand the
UNRBA modeling (2014 to 2018) was generally range was 37 to 51 inches per year.
wetter than the years monitored by Boggs et al.
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Johnny Bogggwork referenced aboveat the Forest Servicearticipated in the SME review process
and provided the following notes about the dataollectedas well as the box plots of the relevant
data for comparison to the WARMF model resulBigure H9 through Figure HL1).

1 Baseflows and stormflowsvere monitoredat smallscale, forested catchments from 2008
2013; HR2, UF2, and HFWare control watersheds

1 HF1,UF], and HFW1lare treatment watersheds that were clear cut at the end of 2010, so only
2008-2010 data are summarized in the box plotprovided by the Forest Service

1 About 10percentof UF2 is covered by an ag field that washere nutrients werebeing applied
prior to the study. Thenutrient applicationcontributed to higher stream nutrient concentrations
in UF2 than UF1 through leaching and lateral flow explaining the higher nitrogen values.
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FigureH-9. Distribution of TN Loading Rates from the Forest Service
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FigureH-11. Distribution of TOCLoading Rates from the Forest Service
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Evaluation and Testing of Catchment-Scale Nutrient
Loading Rates

This section helps address the following questions:

1 Why are forest loading rates simulated by the UNRBA model for 2014 to 2018 higher than those
measured by the Forest Service from 2008 to 2013?

1 Why arendt the WARMF simul ated forest | oading r
than rates simulated for urban areas?

1 How do simulated urban loading rates change under different hydrologic conditions?

1 Why are simulated loading rates from agriculture for 2014 to 2018 higher than those typically
measured at edge of field?

1 How do the loading rates for agricultural vary spatially across the modeling catchments?

1 Does the simulatednutrient load from stream bank erosion differ when the catchment is urban
versus forested?

TheNCCollaboratory has funded t hp a rdewews of the UNRBA modegland the modeling team

has coordinated with these subject matter experts throughout development of this project. Drs.
Charlie Humphrey, Guy I|Iverson, and Mike OO0Driscol
loading rates delivered to Falls Lakesome smaller scale, catchmenfevel results would be helpful

for comparison The modeling teamnitially selected four of the 264 catchmentsand a

subwatershedfor this evaluation focusing on headwater catchments with large proportions of a

specificland use type Several additional catchments were selectetb provide additional

information on agricultural land uses following input from the MRSW on January 4, 2022.

Forheadwatercatchments, the loading ratesoutput by the modelhave not beensubject to
downstream transformationgreflected in the delivered loading to Falls Lake Where possible,
representative catchmentsfor specific land uses that includeca UNRBA monitoring station were
selected so that simulated concentration$rom the calibrated modelcould also be compared to
observed data. FigureH-12 shows the monitoring stations for the watershed, andigure H13 shows
the catchment boundaries.
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FigureH-12. Location of Monitoring Stations in the Falls Lake Watershed
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FigureH-13. Catchment Delineations for the Falls Lake WARMF Model

Catchmentswith High Percentages of Forest Land

Catchments#14 and #42 were selected as the representativdorested catchments to compare
WARMF simulated areal loading rates to those monitored by the Forest ServiBeth of these
catchments are approximately 60 percent forested and both have a UNRBA monitoring station at
their mouth. Catchment 14 is 80 percentunmanagedas approximately 20 percent of the area is
unmanaged grass or shrublandThese two catchments were evaluated with the calibrated model for
varying precipitation conditions TableH-8 summarizes the hydrologic condition®r the Forest
Service monitoring period (2008 to 2013), the UNRBgtudy period (2014 to 2018), the
representative dry year (2007), and the representative average year (2017)
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TableH-8. Annual Precipitation and Mean Flow Rate at Flat River above Lake Michie for Test Cond

Annual Precipitation at RD AnnuaMean Flow Rate at Flat River ¢

years (inches) Lake Michie (cfs)
2007 36 68
20082013 _ 48 to 164 (avg=98)
(Forest Serviz®nitoring study 3710 51 (avg=42) (<50 cfs in 2011 and 2012)
2017 46 121
20142018(model period) 46 to 6qavg=54) 121 to 260 (avg=170)

Simulated forest loading rates for 2007, 2017, and the 2014 to 2018UNRBA studyeriod were
compared for these two catchments to the loading rates provided by the Forest Seryaed results
are presented inFigure H14 through Figure HL6. The delivered forest loading rates to Falls Lake
for the 2014-2018 simulation are also shown on the figuresvith the figure marker shadowed along
the bottom. The average annual precipitation for the Forest Service study was ~42 inches and it
ranged from 37 to 51 inches TheWARMFsimulated catchment results do not represent

Fa

transformations in downstream river segments or impoundments. Theeragedo del i ver ed t o
Laked results do i nclDeliered loddedpleosphorua aresnioe affecet byo n s .
transformationsin streams and impoundmentghan nitrogen because phosphorus is more likely to
be bound to sediment and subject to settling.
The WARMF simulated forest loading ratésr TN, TP, and TOC
for 2_(t)07_ andt 25)_17 i;ield a sim_ila_rI distr_ibfutlilon as thte forest . The WARMF simulated forest
monitoring studies because similar rainfall amounts occurre :
(Figure H14 through Figure HL6). The dry year, 2007, yields I_I(_)g((j_:lr]lg rggec;:,‘?f(ér ™, Jzoigd
loading rates near the lower 28 percentile of those measured; or 4% ( ry)_an
: ) (average rainfall)yield a
the average year, 2017, yields loading rates near the upper S L
75t percentile. For all three parameters, ie 2014-2018 model similar d'St.”b gtlon as Fhe
has higher rates because of increased precipitation, runoff, forest mon_lto_rmg s_tud|es
interflow, and loading. because similar rainfall
_ amounts occurred
For these two catchments, the WARMF simulatéalest total
nitrogenloading rate during therelative wet UNRBA study period
is approximately2.9 kg-N/ha/yr to 3.4 kg-N/halyr. These are
lower thanthe loading rates simulated by Tetra Tech (2012) for thidigh Rock Lake watershe3.9
kg/halyr to 4.5 kg/halyr for Hydrologic Group B and C soils, respectivelyrhe WARMF simulated
total phosphorus loading rate during the study periodis approximately0.5 kg-P/ha/yr to 0.55 kg-
P/halyr . These areapproximately halfthe rates simulated for High Rock Lake watershe@.9 kg-
P/halyr to 1.0 kg-P/halyr). In response to questions from DWR about why the loading rates for
forest werehigh relative to othermodelingstudies, Tetra Tech explained that
olt is important to note that the final mo d e |

locations, including locations that are individually dominated by forest, agriculture, and urban
land uses. Thus the total load estimates are consistent with the obsed data. A second
important point is that the model load estimates incorporate loading by groundwater
pathways, which are often omitted or not fully captured in smaitale land use studies that
focus on storm event loads. The average model estimatesstbrmwater forest loading rates
for total N without ground water load are 0.9 and 2.2 Ib/ac/yr for forest on B and C sails,
respectively, in line with the cited storm runoff studiésand
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ORegarding overall [nonpoint source] NPS | oadi
model are those necessary to achieve mass balance, assuming that point source loading

estimates are reasonably accurate. The partitioning of load between indivédlupland

nonpoint source load categories is admittedly uncertain and could be refined if future
intensive monitoring studies are undertaken. 6

Other researchers have shown that nutrient concentrations and loading rates from forested areas

tend to increase when runoff and flow increaseOyarzin and Hervéernandez(2015) state

onutrient exportation [from forested catchments i
transports chemical compounds and particles. The relations of TDN [total dissolved nitrogen] and

TDP [total dissolved phosphorus] with catchmentstiharge were positive for all nutrients except DIN

[di ssol ved inorganic nitrogen], which showed a ne
DIN and increase in TDN indicates that the organic nitrogen load is increasing, similar to findings
from Paerl et al. 2018, 2019, 2020. Klimaszyke t a | . ( 2 0 Thé yreatest thanges tbf theé O

studied chemical parameterdin forested catchments in Polandjvere notedin runoff occurring
during heavy rainfall and snow melting &everal researchers note that nitrate concentrations

foll owing hurricanes can remain elevated for 2 to
N yuxes [from forested watersheds in Puerto Rico]
watershedsf or al | e X c éuricand year, dysimg svhich they sntreased to 2.6 to 8.4
kg/ halyr. 6 Yeakl ey et al. (2003) report that nit
research forest (NC mountains) increased four times in groundwaterdatwo times in stream water
following a hurricane.
Bol et al. (2016) report similar findings for phosphorus (P) in their compilation and assessment of
forest ecosystem studies:
I dMost P found in percolates and pore waters belongs to the-salled dissolved organic P
(DOP) fractions 6
1 dLosses itself are controlled by runoff and interflow, with the preferential flow ahdislope
peak flows being driven by soil types, catchment topography, and climate conditidns.
1T 0There are only a few field studies quantifyin
but they al/l indicated DOP to dominate in soil
T 0The | arge cont r i tooautrientleachmd frora forgsasoilis lcas dlso beens
recognizedbefore for N The importance of organic forms to drive leaching may be even
greater for P than for N. Inorganic P forms may over time bind to or become incorporated into
secondary minerals. Thus, despite ongoing mineral weathering and mineralization of organic
matter,t he concentrations in soi/l solution of i nor
f 0The general accumulation of (predominantly or
layers with progressing pedogenesis promotes P recycling, but it may also increase the risk of
P Il osses with interflow or runoff .o
T oWater and P may bypass | arge parts of the soi
heavy rainfall events when preferentifl | ow pat hways are connected. 0
T oHigh P |l oads in stream water, particularly at
either in the soil by macropore flow or during flood events in streams and rivers, may lead to
significant P | osses. 0

Nutrient loading from forested areas is positively correlated with stream flow. Forested areas have
the potential to release much higher nutrient loads following large storm events (Oyarzin and Hervé
Fernandez 2015;Paerl et al. 2018, 2019, 2020; Klimaszyk et al. 2014, Bol et al. 2016). The
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UNRBA study period had annual rainfall amounts up to 60 inches with three of the four study years
exceeding 51 inches (Table H). In contrast, the annual rainfall collected during the Forest Service
study period ranged from 37 to 51 inches. Forestan infiltrate most of the rainfall in a dry to
average yeardepending on the soil type and infiltration ratesVery wet years or very large storms
overcome the storage capacity of the forests, and nutrients are exported. These studies report
trends of increased nutrient loading from forests in response to large rain events. The UNRBA
watershed modeling resultsare consistent with these studies.

The average delivered load from forested areas across the watershed is lower than the catchment
scale resultsfor the same period(2014 to 2018) becausedelivered loads account for processes in
streams and impoundments that reduce loading prior to delivery to the lake.

4.5
4.0
35 - 7
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B Simulated, #42, 2017, average H Simulated, #42, 2014-18, wet

' Simulated, Delivered to Falls Lake, 2014-18, wet

FigureH-14. Distribution of Forest TN Loading Rates from the Forest Service Compared to Catchment 14,
Catchment 42, and the Average Delivered Load to Falls Laker Three Precipitation Conditions

The catchment results do not represent transformations in downstream river segments or impoundments.

The o0delivered to Falls Lakeé result does include these
P = annual FFinehesi pi tation; 0
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FigureH-15. Distribution of Forest P Loading Rates from the Forest Service Compared to Catchment 14,
Catchment 42, and the Average Delivered Load to Falls Lake for Three Precipitation Conditiggsxis
extended manually to show higher loading rates)

The catchment results do not represent transformations in downstream river segments or impoundments.

The o0delivered to Falls Lakedé result does include these tral
P = annual precipitation; o = inches
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FigureH-16. Distribution of Forest DCLoading Rates from the Forest Service Compared to Catchment 14,
Catchment 42, and the Average Delivered Load to Falls Lake for Three Precipitation Conditions

The catchment results do not represent transformations in downstream river segments or impoundments.

The o0delivered to Falls Lakeé result does include these tral
P = annual precipitation; O = inches
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Figure H17 shows the simulated verss observed
concentrations for TNTOC, and TRt the monitoring
station near the outlet of Catchment 14 (DP23). This  giyen that this catchment is 62
station was not a calibration stationso the model was percent forested and 18 percent
not adjusted duringcalibrationto match the water unmanaged grassland, it would be
qgality observations at this location. Onlyibutaries difficult to match the ot’)servations
W't.h a L.JSGS stream gage were used for mode_l at water quality monitoring station
calibration. However, the simulated concentrations (DPG23) if the simulated loading
match the magnitude and trend for these parameteris

this mostly undisturbed watershed Given that this rates for unmanaged land uses
catchment is 62 percent forestedand 18 percent were not reasonable.
unmanaged grasslandit would be difficult to match the
observationsat DPG23 if the simulated loading rates
for unmanaged land useswvere not reasonable.

Figure H18 shows the simulated daily loads at this station compared to daily load estimates on days
the UNRBA collected water quality samples. These load estimates have a lot of uncertainty as flows
are not measured at this location but rather estimated based on aabin proration approach (i.e.,

scaling flows observed elsewhere on that day by a ratio of drainage areas.) The daily loads generally
match the expected ranges and patterns at this location based on the estimatelote the figure

shows log scée in the top paneland arithmetic scale in the lower paneio fully display the range of

daily loads.

Similar figures are presented for Catchment 42 in the next section.
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FigureH-17. Comparison of WARMFSimulated Total Nitrogen(top), Total Organic Carborimiddle), and
Total Phosphorus(bottom) Concentrationsto Observations Collected aDPG23 (vertical bars represent the

95th percentile confidence interval for the observation)
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FigureH-18. Comparison of WARMF Simulated Daily Load$og scaleA, arithmetic scale B) for
Total Nitrogen(top), Total Organic Carborimiddle), and Total Phosphorus(bottom) to Estimates based on
Observations Collected at DP23 and Estimated Stream flows (vertical bars represent the load when the
95th percentile confidence interval for the observation)
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Catchments with High Percentages of Agricultural Land

The WARMF model conserves mass. Loading inputs and exports from each land use are accounted
for and tracked through time and space (including soil impacts) by the model. Atmospheric
deposition occurs on all land surfaces using the same data and assumptand accounts for
approximately37 percent of the total nitrogen applied to the land surface each year. The amounts
and schedule for nutrient application to agricultural areas was provided by crop type and county by
staff at the NC Department of Agriculture and Consumer Servid@CDA&CS)Nutrient application
rates include fertilizer, manure, and biosolids if applicableThe rates of nutrients deposited from the
atmosphere are factored intcagricultural nutrient management plans to estimate the amount of
additional nutrients that are needed to support plant growth. The goal is to provide the right amount
of nutrients to produce vyield for harvest. Fertilizer is expensive, and that cost is factored into
decision making as well.According to the NCDA&CS, the agricultural community has conducted
significant work to reducenutrient applicationto an amount equivalent to that which is required by
each crop for optimum growth, thus limiting the availability of excess nutrients for watershed export.

The NDA&CSalso provided information on growing season start dates and harvest dates for input
to the model. Harvested material removes nutrients from the system.

The original catchment identified for thisnalysis is Catchment 42. This catchment is approximately
1,140 acres and drains to UNRBA monitoring station LGE. It was selected because it has one of
the highest proportions of agricultural land use in the watershed at 24 percent. Of the 272 acis
agricultural land in this catchment, 72 percent is pasture, 9 percent hay, 7 percent full season
soybeans, and 4 percent each is flueured tobacco, doublecropped soybean, and n4ill grain corn;
conventional grain corn is approximately 1 percent. Fests comprise approximately 62 percent of
this catchment, and developed open space or ndDOT road rights of way are 7 percent. Several
other land uses comprise the remaining 7 percent of the watershed area.

Tables H9 and H10 provide the simulated loading rates for this catchment for each agricultural land
use. However, most of the agricultural area in this catchment is pasture (196 acmehich is 72
percent of the agricultural production acreand 17 percent of the total catchment arey. Similarly,
most of the agricultural land in theFalls Lakewatershed is pasture 26.600 acreswhich is 5 percent
of the total watershedarea). The simulated loading rates from pastur@n this catchmentare higher
than any other land use in theatchment (or thewatershed) and are more than four times the
amount of total nitrogen referenced above for forests in Catchment 45imulated per acre
phosphorus loading rates for pasture are the sixth highest of the land uses simulated. Three crops
(conventional grain corn, flueured tobacco, and wheat), low intensity existing development, barren
land, and woody wetlands have higheates than pasture. Deanna Osmond at NC State University
College of Agriculture and Life Sciences Department of Crop and Soil Sciences contributed as a
subject matter expert for the watershed model. She mentioned several times thtsture in the
watershed is under fertilized for phosphorughis is why the relative loading rates for phosphorus is
only 1.3 times higher compared to the nitrogen loading rate, which is 4.4 times higher.

Hay is the next largest type of agricultural land this catchment (24.5 acres 2 percent of the total
catchment areg and thethird highest in thewatershed (4,500 acreswhich is0.9 percent of the
total watershed areg. Twothirds of the hay production acres in the watershe(ncluding those in
this catchment)are in counties thatreduced their per acre nitrogen application rateBy more than
one-half since the baseline periodTable 311 of the main repor).

Thethird largest acreage of crop grown in thisatchment (1.6 percent of the total catchment areq
and the second largest type grown in thevatershed isfull-seasonsoybeans(1.2 percent of the total
watershed areg, which do not require nitrogen application.Like unmanaged areas, soybeans
receive their nitrogen input from the atmosphere through deposition. Legumes like soybeans can

H-37

AppendixH_SMEReviewSupplementalEvals



UNRBA Falls Lake Watershed Modeling Report Appendix H

also fix nitrogen from the atmosphere. Due to plant uptake of nitrogen, crop harvesting, and removal
from the system, the per acre nitrogen loading rates delivered from soybean acres are similar to
forested areasin the UNRBA study period

The UNRBA modéhcorporatesextensive information from the NDA&CS NC State University

College of Agriculture and Life Sciences Department of Crop and Soil Sciences, and the national
atmospheric deposition monitoring programs to input the mass of nutrients applied to specific plants
each month along with harvest/removalimes. Soil properties were obtained from US Department of
Agriculture Natural Resources Conservation Service Soil Survey Geographic Database (SSURGO) and
the USDA National Cooperative Soil Survey (NCSS) data collected in the counties in the Falls Lake
Watershed. Soils in the watershed contain considerable amounts of aluminum and iron that

increase phosphorus adsorption and limit its

movement in dissolved form.

TableH-9 and TableH-10 provide the areal : :

loading rates for TN and TP for the agricultural The_S|muIated TN and TI.D loading ratetor
land uses inCatchment 42. The TN and TP @driculture (not accounting for

loading rates vary by approximately an order ~downstream attenuation)vary by

of magnitude based on the amount of approximately an order of magnitude
precipitation simulated depending on the based on the amount of precipitation
crop. Thesecatchmentscaleloading rates do ~ Simulated.

not account for transformations that occur in
stream segments and impoundments
between the catchment and Falls Lake.

Table+9. TN Loading Rates for Agricultural Land Catchment 42

(No Downstream Attenuation)

Land Use Acr_es (percentc TN kg/halyr TN kg/halyr TN kg/halyr
agricultural area 2007 2017 20142018

Fescue (Pasture) 194.6 (71.5) 0.64 3.84 15

Fescue (Hay) 23.4 (8.6) 0.4 1.68 3.31
Full Season Soybeans 18.3 (6.7) 0.43 1.55 3.46
FlueCured Tobacco 12.1 (4.4) 1.43 2.89 6.44
Doublecropped Soybeans 10.5 (3.8) 0.42 1.54 3.45
NoTill Grain Corn 9.8 (3.6) 0.4 191 3.48
Conventional Grain Corn 2.5(0.9) 0.24 1.64 3.35
Wheat 0.9(0.3) 0.1 0.99 4.05

Table+10. TP Loading Rates for Agricultural Land Catchment 42

(No Downstream Attenuation)

Land Use Acr'es (percent¢ TP kg/halyr TP kg/halyr TP kg/halyr
agricultural area 2007 2017 20142018
FescuéPasture) 194.6 (71.5) 0.04 0.29 0.72
Fescue (Hay) 23.4 (8.6) 0.04 0.25 0.59
Full Season Soybeans 18.3 (6.7) 0.04 0.23 0.61
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TableH10. TP Loading Rates for Agricultural Land Catchment 42

(No Downstream Attenuation)

Land Use Acr_es (percent¢ TP kg/halyr TP kg/halyr TP kg/halyr
agricultural area 2007 2017 20142018
FlueCured Tobacco 12.1 (4.4) 0.04 0.29 0.95
Doubleropped Soybeans 10.5 (3.8) 0.04 0.23 0.6
NoTill Grain Corn 9.8 (3.6) 0.04 0.24 0.75
Conventional Grain Corn 2.5(0.9) 0.03 0.25 0.79
Wheat 0.9 (0.3) 0.01 0.15 0.5

Figure H19 shows the simulatedversusobserved concentrations for TN, TQ@nd TPat LGEL7.

This station was not a calibration station and so @etailed calibration was not performed. However,
the simulated concentrations match the magnitude and trend for these parameters. Given that this
catchment is 62 percent forestedand 24 percent agriculture it would be difficult to match the
observations if the loading rategor these land useswere not reasonable.This is a small catchment
at just over 1,000 acresand simulated water quality concentrations are highly variable due to
simulated runoff concentrations diluting ambient stream concentrations.

Figure H20 shows the simulated daily loads at this station compared to daily load estimates on days
the UNRBA collected water quality samples. These load estimates have a lot of uncertainty as flows
are not measuredon this tributarybut rather estimated based on a basin proration approach
(i.e.,scaling flows observed elsewhere on that day by a ratio of drainage areas.) The daily loads
generally match the expected ranges and patterns at this location based on the estimat@ote the
figure shows logscale (top) and arithmeticscale (bottom)to display the range of daily loads.
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FigureH-19. Comparison of WARMF Simulated otal Nitrogen(top), Total Organic Carborimiddle), and Total
Phosphorus(bottom) Concentrationsto Observations Collected at GE17 (vertical bars represent the 95th
percentile confidence interval for the observation)
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FigureH-20. Comparison of WARMF Simulated Daily Load#og scale A, arithmetic scale Bpf Total Nitrogen
(top), Total Organic Carborfmiddle), and Total Phosphorug(bottom) to Estimates based on Observations
Collected atLGE17 and Estimated Stream flows (vertical bars represent the load when the 95th percentile
confidence interval for the observation)

Severaladditional catchments were selected to show a range of simulated catchmestale loading
rates (before instream or impoundment processing) for different crop types using the calibrated
model developed for 2014 to 2018. Acreages for each agricultural land use are provided Tiable
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H-11 along with the County the catchment is located. a@hmentscale nutrient loading rates are
shown inTableH-12. The average delivered loading rat®om the entire watershed to Falls Lakéy
crop type is also provided iTableH-12. Compared to the average of the catchmestale loading
rates, the delivered rates are lower because of processing that occurs in the streams and
impoundments. There are some catchments for a few crop types where the catchmeedle rate is
less than the delivered rate. These catchments have very small areas of those crops and do not
significantly affect the loading to the lake.

TableH11.Acreages of Agricultural Land Use in Representative Agricultural CatctimteéNiRBA StuBeriod

(2014 to 2018)

County Orange| Person Granvillel Granville| Granvillel Person| Granville| Person
Land Use C4 Cl4 C42 C19 C62 cs81 C96 C203
Conventional Grain Corn 6.2 0 25 8.5 6.8 0 14.1 0
Doublecropped Soybeans 102 406 105 77.0 29.2 231 60.5 342
Fescue (Pasture) 1,526 1,086 195 787 538 617 1,117 916
Fescue (Hay) 365 113 23.4 93.4 64.6 64.4 134 95.5
FlueCured Tobacco 72.0 339 121 75.9 335 192 69.5 285
Full Season Soybeans 219 506 18.3 114 50.5 288 105 427
NoTill Grain Corn 199 154 9.8 49.9 27.2 87.7 56.3 130
Wheat 334 27.0 0.9 6.4 2.4 15.3 5.0 22.7
C: Catchment
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Table+12. Comparison of Catchm8nale (Before Instream/Impoundment Procebkitignioading Rates to Average Delivered Loading Rate to Falls

(AfterInstream/Impoundment Processing) for Eight Example Catchments

Average of the|  Average
Land Use C4 Cl4 C42 C19 C62 Cc81 C96 C203 8 example | delivered to

catchments lake
TotaNitrogen (Kg/halyr)
Conventional Grain Corn 3.3 NA 34 3.0 6.0 NA 5.8 NA 4.3 4.0
Doubleropped Soybeans 2.8 3.0 3.5 29 6.0 2.9 4.6 2.9 3.6 2.2
Fescue (Pasture) 11.6 15.3 15.0 14.8 28.0 145 15.2 155 16.2 10.2
Fescue (Hay) 3.4 3.6 3.3 3.4 5.8 3.1 5.3 3.4 3.9 2.8
FlueCured Tobacco 11.6 59 6.4 16.5 9.0 6.8 13.8 6.6 9.6 6.8
Full Season Soybeans 2.9 3.0 35 2.9 6.0 2.9 4.6 3.0 3.6 2.4
NaTill Grain Corn 3.1 3.9 35 3.0 6.1 3.1 5.7 3.2 3.9 2.8
Wheat 4.7 4.7 4.1 4.8 8.2 4.5 6.7 4.8 53 3.8
Total Phosphorusiigalyr)
Conventional Grain Corn 0.69 NA 0.79 1.08 2.02 NA 1.61 NA 1.24 0.79
Doublecropped Soybeans 0.46 0.65 0.60 0.81 1.44 0.62 1.33 0.72 0.83 0.38
Fescue (Pasture) 0.57 0.75 0.72 1.01 1.66 0.70 1.69 0.83 0.99 0.46
FescuéHay) 0.48 0.68 0.59 0.76 1.24 0.63 1.25 0.72 0.79 0.35
FlueCured Tobacco 0.83 1.09 0.95 1.26 2.42 1.02 1.78 1.20 1.32 0.70
Full Season Soybeans 0.49 0.66 0.61 0.83 1.44 0.64 1.37 0.73 0.85 0.42
NoTill Grain Corn 0.56 0.74 0.75 0.91 1.62 0.71 1.23 0.80 0.91 0.43
Wheat 0.44 0.72 0.50 0.74 1.05 0.67 1.04 0.74 0.74 0.48

C: Catchment, NA: no land use area for this crop in this catchment

The average is not area weighted by crop; the average is expected to be higher than the average delivered load because ttientent-scale results do not include processing that occurs in

streams or impoundments.
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Urbanized Subwatershednd Simulation of Streambank Erosion

The Ellerbe Creek subwatershed was used to test the model in a developed arader different
hydrologic conditions and with and withouiest management practices (BMPs), stormwater control
measures (SCMs), and topographic routing of runoff from impervious areas onto perviateas
(e.g.,a driveway running off onto a lawn)

In the Falls Lake watershed, the local governments have been implementing BMPs and SCMs to
address nutrient loading from development in the watershdad advance ofthe Falls Lake Nutrient
Management Strategyassed in 2011. Some communities like the City of Durham started
implementation wellbefore 2011 in anticipation of the Rules.

Figure H21 shows the practices installed by the City of Durham through December 2015, within the
UNRBAstudy period (2014 to 2018). As a result of the different regulatory pressures in each basin,
nearly five times the number of projects have been implemented in the Falls Lake Basin than the
Jordan Lake Basin.Of the 348 practices installed in the Falls Lake Basin, most are cisterosrain
gardens and several arepocket wetlands, constructed wetlands, or bioretention cells. Eachtbese
practices detin water on site and delay hydrologic response; they also provide water quality
treatment. In addition, several stream restoration projects had been implemented by December
2015, reducing sediment and nutrient loading from this sourceHopkins et al. (2022)report that
decentralized stormwater management practices can have a positive impact loydrologic response,
especially when storms are less than the design size for the practices.
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FigureH-21. City of Durham Existing Development Retrofits as of December 2015
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In its simulation of developed areasWwARMF designates the percentages pérvious and impervious
areas for each land use classFertilizerand nutrients can only be applied to pervious areas the
model, but @amospheric deposition affectsboth surface types WARMF assumes that runoff from
impervious surfaces immediately reaches the stream reach in tloatchment unlessit is detained. If
the precipitation/runoff has a lower concentration of a parameter than the stream, rapid dilutions
are simulated Natural topography results in some runoff from impervious surfaces flowingeo
pervious areas where it either runs off or is infiltrated where it can interact with soil particles and
travel to the stream Some fatures in the watershed also retain water, release it more slowly, allow
for evaporation, and pollutant processing (increase or decreaseéome BMPs like street sweeping
remove pollutants from impervious areasThe WARMF model allows the user to account for these
processesbyas si gni ng some of the runoff fromwtinmpervi ous
on BMPs ike street sweeping or stream buffers

Stream bank erosion is simulated by WARMF separately from the individual land us&seam bank
erosion iscalculated asan average condition for the reacln each catchment andaccounts for soil
erosivity, simulated shear stress, bank and vegetation characteristics, etc. The hydrologic impacts of
impervious surfaces are not reflected in the nutrient loading rates reported by land ugbese are

the loading rates from the landsurface and underlying soil layershat account for nutrient
application/deposition, soil interactions, etc.This approach
is very different than other models therelate land use
characteristics in a watershed to water quality observations
in streams or assign export coefficients to land uses (Dodd  Stream bank erosion is
1992, Harden et al. 2013, Lin 2004, Miller et al. 2019 and simulated by WARMF

2021). In those studies, the hydrologic impactsfostream separately from the individual
bank erosion and resulting nutrient loading rates are land uses. The hydrologic
associated with the land uses in the drainage are@e., impacts of impervious surfaces

runoff, interflow, and streambank erosion are reported with 56 not reflected in the nutrient
one value) Itis important when reviewing or communicating loading rates reported by land
the WARMF model resudtto note that stream bank erosion is use - these are the loading

not included in the land use loading ratesThis is particularly rates from the land surface
important for phosphorus which binds to sediments. and underlying soil layers that
Streambank erosion is an important component of the account for nutrient
phosphorus load delivered to Falls Lake, and rates of L . :
streambank erosion are higher in intensely developed areas. gppllcat_lon/deposmon, soil
Comparison ofnutrient loading rates associated with Interactions, etc.
streambank erosion from catchments with different land use
compositions are provided in the next section.

During model calibration, small volumes of detention were assigned to detain a portion of the runoff
from impervious areas. This was necessary to calibrate the model and simulate stream flows of
similar magnitude following precipitation events as recordest USGS gages in the watershed.
FigureH-22 shows the simulated stream flow in the Ellerbe Creek subwatershed compared to
observations at USG92086849 o Ellerbe Creek Near Gorman, Nfor the calibrated model and

with the removal of detention and BMPs/SK2s in the watershed(top panel) andzoomed into the
summer of 2015 (bottom panel) Without accounting for detention and routing of impervious
surface runoff across pervious surfaces, storm peaks are too high relative to observations for small
to medium size storms. Large storms (>40ubic meters per seconddms)) are less affected
becausedetention volumeswere prescribedto retain a relatively small volume of runoff.
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Figure H22. Simulated Stream Flow for Ellerbe Creek with and without BMPs, 20148 (top) and
summer of 2015 (bottom)

Detention basins and routing also improve the calibration for water quality parameters that have low
concentrations in precipitation, like TOG{gure H23). Without some detention, rainfall that has low
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concentrations of a parameter relative to stream concentrations would otherwise reach the stream
instantaneously and cause large drops in simulated concentrations due to dilution. Detention basins

and routing have less of an effect on parameters like TNhigh are present in rainwater and
therefore donot producethe simulated dilution effect Figure H24).
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FigureH-23. Simulated TOC for Ellerbe Creek with and without BMPs, summer 2015
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FigureH-24. Simulated TN for Ellerbe Creek with and without BMPs, summer 2015

Table H13 shows the nitrogenand phosphorusloading rates for land uses in the Ellerbe Creek
subwatershed for the calibrated model and with the removal of BMPs and SCM#$e urban nitrogen
loading rates are slightly higher when the BMPs are removed. Nitrogen in dissolved form, associated
with fertilizer leaching and atmospheric deposition, is less affected by BMPs thzarticulate-bound
parameters like phosphorus.Lowand mediumintensity existing development has the highediN
loading rates of the urban land uses approximatelythree times higherin the Ellerbe Creek
subwatershed compared to theatchmentscale loading rate for forest Developed open space has
a catchmentscale loading rate that isapproximately twice as high as forestDeveloped open space
is often road right of wag, parks, etc.and not subject to the same level of maintenance as other
developed land use categoriefike low intensity existing developmentThe nitrogen loading rate for
high intensity development is slightly lower than medium and low intensity development. Téis
because followingnitial washoff, there is littleadditional reaction to increase nutrients during flow to
the stream. Thidoading rate does not account for the hydrologic impacts and stream bank erosion
associated with high intensity developmenas previously discussedstream bank erosion is
calculated separately.

These results are similar to monitoring studies of pervious and impervious surfaces conducted by Dr.
William Hunt at NC State UniversityDr. Huntpresentedhis preliminary resultsto the UNRBA aa
PFCmeeting on October 3, 2023 His research show that monitored parking lots had total nitrogen
concentrations ranging from Img-N/L to 2.5 mgN/L with a mean of 1.63 mgN/L. In comparison

two wooded sites(on hydrologic soil types Ar C/D) had total nitrogen concentrations generally

ranging from 1.79 to 3.97 mgN/L, but the site on hydrologic soil type fsandy soils with high

infiltration rates) generated very little runoff The highest total nitrogen concentrationccurredat a
wooded siteon hydrologic soil group B6.85 mg-N/L) and coincided with the largest runoff evenat

that site. When bothrunoff volumeand concentiation are high relative to typical conditions, the
resulting load will be very highAmanaged lawn site on hydrologic soil groupd& NC State
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Universitygenerated the most runoff and had a total nitrogen concentration 653 mg-N/L. A
meadow on hydrologic soil type C/D had total nitrogen concentrations ranging from 0.84 to 1.49-mg
N/L. Therefore, the total nitrogen concentrations from wooded sites wergigher than the parking lot
and meadowand lower than the managed lawn.

For phosphorus, theNVNARMFsimulated urban loading rates aremore strongly affected by removal of
the simulated BMPsand SCMs. Land uses with higher percentages ofguvious area have higher
phosphorusloading rates because only pervious areas receive fertilizer, and dmlund phosphorus
can be eroded and transported.These lower intensity land uses are more affected by BMPs and
SCMs because more of their phosphorus load is in the particulate foridevelopment with more
impervious area (i.e., high intengy development) is less affected by the BMPs than those with more
pervious areabecause most of their loading is transported in runoff, and most of that is assumed to
enter the stream directly Particulatephosphorusis treated more effectively due to trapping and
settling where dissolvedhosphorusdominates impervious surface runoff and is quickly transported.
Again, hese loading rates do not account for the hydrologic impacts and stream bank erosion
associated with high intensity development

The UNRBA WARMF model results are simiflher to Dr.
lowest phosphorus concentrations were observed from parking lot runoff (0.1 to 0.3 #R4.).

Concentrations at the meadow on hydrologic soil type C/D ranged from 0.08 to 0.44-#/. The

wooded sites on hydrologic soil types A or C/D had total phosphorus concentratibigher than both

the parking lot and the meadowand
ranged from 0.37 to 0.58 mgP/L. The
highest concentrations were observed at  During his presentation to the PFC, Dr. Hunt notec
the managed lawn at 1.56 meP/L. During  that while impervious surfaces appear to produce

his presentation to the PFC, Dr. Hunt limited amounts of nutrient loading from runoff,
noted thatwhile impervious surfaces downstream impacts on stream bank erosion can
appear to produce limited amounts of be substantial.

nutrient loading fromrunoff, downstream
impacts onstream bank erosioncan be
substantial.

The catchmentscale (before instream processing)itrogen andphosphorusloading rates fromall

land uses includingforest are high in the Ellerbe Creek watersheaelative to other catchments
because of theunique hydrology in this subwatershed.Due to the Triassic Basin soiland extent of
development,El | er be Cr eek i s a peakflowsindhe btresnk gccurrisgyapidlye m  wi t
based on USGS gaged flowslomimic the observed hydrographyertical hydraulic conductivity was
restricted in thesecatchments. This results in precipitation interacting mostly with theoper soil

layer in this watershed prior to running off to the streajmegardless ofland use type Thehydraulic
conductivity cannot bespecified uniquely in the catchment by land use as WARMF is a lumped
parameter model. There are approximately B)O acres of forests in thisapproximatelyl4,000-acre
subwatershed,and thisis a small portion of the forested area in the entire Falls Lake watershed.
Most of the forests in the Ellerbe Creek subwatershed is located near Falls Lake wesslstream
processing than other parts of the watershed. Ibading rates from forestsare overestimated in this
watershedfor the calibrated modelthat would not significantly affect the total delivered load to Falls
Lake. A sensitivity analysis on vertical hydraulic conductivity for the Ellerbe Creek watershieder

an O0AIl I Forest 60 s c sattonlLand CdneersiohiSsenaucsts/el Borestor t h e
Wetland
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TableH13. Simulated Nutrient Loading Rébe€EXxisting Development and Developed Open Space in Eller

2014 to2018(No Downstream Attenuagiod Not Accounting for Stream Bank Brosion

Land use TN kg/ha/y€alibrated TN kg/halyr TPkg/hal/yrCalibratec TPkg/halyr
Model No BMPs/SCMs Model No BMPs/SCMs
ExDev, High Intensity 10.3 11.8 0.37 0.39
ExDev, Medium Intensity 12.7 13.8 0.90 2.0
ExDev, Low Intensity 12.3 13.2 1.8 5.2
Developed Open Space 8.5 8.9 1.4 2.7
Forest 4.0 4.0 1.4 2.3

1 These loading rates do not include thportion of loading due to stream bank erosion.

A separate evaluatiorof the Ellerbe Creek subwatershed was conducted to determine how the
source load allocationwould change under various hydrologic conditiondry represented by 2007
and averageto-wet conditions represented by the calibrated model for years 2014 to 2018The
sources of loading output by WARMF are annual averages over the simulation perit¢hile 2014

was originally established as an initialization year, there is no way to exclude this year from the
figures that show sources of loaithg. Because the watershed model is run five times as described in
other sections,including this year in the fiveyear average should not introduce significant
inaccuracies. Figure H25 and Figure H26 show the comparisons for total nitrogen and total
phosphorus, respectively. For the dry condition, the total nitrogen load delivered to Falls Lake is
approximately 23percent less (34,000 IbN/yr less) than the averageo-wet condition. Under the

dry condition, the percent contribution of total nitrogen from point sources (wastewater treatment
plants (WWTPs), discharging sand filter systems (DSFs), and sanitary sewer overflows (SSOs))
increases and the loads associated with urban runoff decrease. For phosphorus, the total delivered
load is almost half as much under the dry condition with a reduction in average annual load of
7,600 Ib-P/yr. For phosphorus, the relative contribution from point sources almost doubles under
the dry condition, and the redtive contribution from stream bank erosion is approximately o#fith

of the averageto-wet condition.

TableH-14 and TableH-15 compare the nitrogen and phosphorus delivered loads and areal loading
rates, respectively, for these two hydrologic conditions in the Ellerbe Creek watershed for land uses
that make up at least 100 acres of the drainage area. Ellerbe Creek comprises appmately

3 percent of the total watershed area. As noted above, the loading rates (catchmsoale and
delivered) for forested areas are higher than elsewhere in the basin. Precipitation that falls on
pervious areas interacts with nutrients deposited applied to the surface, erodes and transports

soil particles, and/or may soak into the ground and pick up additional nutrients as the water moves
through the soil toward the stream. In the Ellerbe Creek watershed, the hydrology was calibrated
such that much of the precipitation runs off quickly and does not percolate into the ground.
Restricting the percolation in this drainage area was needed to calibrate the stream flows and
capture the flashy nature of this subwatershed which is situated in the Trias8asin. There are
approximately 2,500 acres of forests in the Ellerbe Creek watershed, and these acres make up a
small fraction of the total forested area in the Falls Lake watershed. Additionally, most of the forests
in this drainage are close to FallLake. This proximity means that nutrient transformations in
streams are limited because the length of stream between the forested land and Falls Lake is short
Forest areal loading in the Falls Lake watershed is characteristic of this specific watershed and
reflects a careful evaluation of this source in the overall nutrient balance. The resultant rates are
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consistent with the model development, the confirmation information available from this watershed,
and more recent research on the impact of forest areas on watershed nutrient balance.

For comparison, the simulated delivered nutrient load associated with streambank erosion is also
provided in the tables, but an areal loading rate for this source is not applicable. Under dry
conditions, the nutrient loading from this source decreases lapproximately one order of

magnitude. Loads from land areas are lower under dry conditions, but the percent reduction is less
significant compared to stream bank erosion.

Percent Contribution to the ~146,000 pounds per year of nitrogen delivered to Falls Lake
from Ellerbe Creek for the 2007 hydrologic condition

Minor WWTPs, 0.0% Open Water, 0.2%

Discharging Sandfilter Systems, 0.0% Sanitary Sewer Overflows, 0.0%
OnsiteWW (no DSF), 0.0% StreamBanks, 0.1% Barren, 0.3% Direct Dry Deposition, 0.0%
! Forest, 5.5%
DOT, 3.2%

Agriculture, 0.6%

Wetland, 1.7%
Direct Precipitation, 0.0%

Initial System Mass, 1.1%

49% of "urban" area is
developed open space (mostly
non-DOT road right of way)
and 29% is existing
development, low intensity.
WWTPs, DSFs, $50s, 48.7%

Unmanaged grass/shrub, 1.0%

Percent Contribution to the ~180,000 pounds per year of nitrogen delivered to Falls Lake
from Ellerbe Creek for the 2014-2018 modeling period

OnsiteWW (no DSF), 0.1% StreamBanks, 0.8%

Direct Dry Deposition, 0.0%
DOT, 4.0%
Open Water, 0.2% Minor WWTPs, 0.0%

Wetland, 1.9% Forest, 5.5% Discharging Sandfilter Systems, 0.0%

Initial System Mass, 0.7% Agriculture, 0.9%

Direct Precipitation, 0.0%

49% of "urban" area is
developed open space (mostly
non-DOT road right of way)
and 29% is existing

WWTPs, DSFs, $50s, 39.7% . .
development, low intensity.

Unmanaged grass/shrub, 1.1%

FigureH-25. Comparison of Total Nitrogen Delivered Loads to Falls Lake for 2007 (dry year, top panel)
compared to 2014-2018 (average to wet years, bottom panel)
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Percent Contribution to the ~9,900 pounds per year of phosphorus delivered to Falls Lake
from Ellerbe Creek for the 2007 hydrologic condition

Discharging Sandfilter Systems, 0.0% Open Water, 0.2%
StreamBanks, 3.1%

Minor WWTPs, 0.0%

Sanitary Sewer Overflows, 0.0%

Direct Dry Deposition, 0.0%
Barren, 0.6%

OnsiteWW (no D5F), 0.0%

DOT, 2.4N
Wetland, 3.7%
Initial System Mass, 3.?%_,,/-///’ Forest, 14.2% Agriculture, 0.7%

Direct Precipitation, 0.0% /|

Percent Contribution to the ~17,500 pounds per year of phosphorus delivered to Falls
Lake from Ellerbe Creek for the 2014-2018 modeling period

49% of "urban" area is
developed open space (mostly
non-DOT road right of way)
and 29% is existing
development, low intensity.

WWTPs, DSFs, $50s, 34.5%

Unmanaged grass/shrub, 2.5%

Direct Dry Deposition, 0.0%
Minor WWTPs, 0.0%

Open Water, 0.2% Discharging Sandfilter Systems, 0.0%

StreamBanks, 15.5%

OnsiteWW (no DSF), 0.0% Tl .M, Agriculture, 0.8%
DOT, 2.7%

Wetland, 3.7% 49% of "urban" area is

developed open space (mostly
non-DOT road right of way)
and 29% is existing
development, low intensity.

Initial System Mass, 2.3%___——

Direct Precipitation, 0.0% /

WWTPs, DSFs, 550s, 19.3%

Unmanaged grass/shrub, 2.7%

FigureH-26. Comparison of TotalPhosphorus Delivered Loads to Falls Lake for 2007 (dry year, top panel)
compared to 2014-2018 (average to wet years, bottom panel)
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Table+14. Delivered Total Nitrogerading Rates from Ellerbe Creek Watershed for Two Hydrologic Cond

Source Drainage Ar¢ Source Grou AVG\L:?E)- Avev:/aegt}m Dry Dry
(ac) TN Iblyr | TN Ib/aclyr TN Ib/yr | TN Ib/aclyr

DOT Roads, Connected 719 DOT 6,360 89 4,112 58
DOT Roads, Unconnected 134 DOT 906 9.4 628 6.5
ExstingDeelopmentHigh Intensi 525 Urban 4,462 8.6 3,154 6.0
Frftitri]”s%;ee"’pme”medi“m 1,330 Urban 14,102 10.6 10,139 7.6
ExstingDeelopmentLow Intensit 2,783 Urban 28,039 10.1 21,002 7.6
Developed Open Space 4,697 Urban 32,333 6.9 19,876 43
Deciduous Forest 1,105 Forest 3,667 4.3 3,001 3.6
Coniferous Forest 1,031 Forest 3,216 38 2,478 29
Mixed Forest 1,007 Forest 3,045 39 2,478 3.2
Unmanaged Grassland 430 ;Jrgrssgﬁ?uebd 1,884 5.3 1,360 38
Woody Wetland 705 Wetland 3,262 5.4 2,390 4.0
Stream Bank Erosion NA Stream Bank 1,481 NA 141 NA

Loads are presented to the single pound for comparisons across the model report and appendices that prsseatctper@ata in vario

This reporting is not to infer precision in the modeling results.

Tabld+15. Delivered Total Phosphdrosding Rates from Ellerbe Creek Watershed for Two Hydrologic Con

Source Drainage Are Source Grou Avevﬁ?m- Avev:/ae?m- Dry Dry

(ac) Plblyr TPlb/aclyr TPIb/yr TPIb/aclyr
DOT Roads, Connected 719 DOT 388 0.54 201 0.28
DOT Roads, Unconnected 134 DOT 80 0.83 39 041
ExstingDeelopmentHigh Intensi 525 Urban 112 0.2 59 0.11
E]’t'setri]r;%;e""'o'ome”'\"edi“m 1,330 Urban 628 0.47 315 0.24
ExstingDeelopment_owntensity| 2,783 Urban 2,406 0.87 1,191 0.43
Developed Open Space 4,697 Urban 3,345 0.72 1,794 0.39
Deciduous Forest 1,105 Forest 879 1.0 494 0.59
Coniferous Forest 1,031 Forest 866 1.0 458 054
Mixed Forest 1,007 Forest 835 1.0 460 059
Unmanaged Grassland 430 ;’r;rgsgﬁ?fs 433 12 232 065
Woody Wetland 705 Wetland 638 1.0 357 0.59
Stream Bank Erosion NA Stream Banks| 2,723 NA 311 NA

Loads are presented to the single pound for comparisons across the model report and appendices that prsseatctpey @ata in vario

This reporting is not to infer precision in the modeling results.
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CatchmentScale Nutrient Loads from Streambank Erosion

WARMEF accounts for loading associated with stream bank erosion as an individual source (it is hot
lumped into theloading tracked by individualand use) Peak flow is a important factor in the
simulation of stream bank erosiorbecause high stream flowexert shear stresgs on the stream
banks and can cause erosion. The more impervious surface in a catchment, the higher the stream
flow, resulting erosive forces, and nutrient loads from stream bank erosion. However, all land uses
draining toa stream cortribute flow, and the model cannot parse outrom wherethe flow originated.
So, while more intensely developedatchments havehigher rates of streambank erosion and
associated nutrient loading, the model cannatutput which portion of theload is due toa particular
land use.

To illustrate the connection between land use and stream bank erosighe modeling team
evaluated results from catchments with varying land use composition$hree catchments with 75
percent or more forest and unmanaged grass/shrublandhree urban catchments from the Ellerbe
Creek watershed and one suburban catchment from the Upper Barton Creek watershed were
selected for the comparisonTableH-16).

Since stream bank erosion is a more significant component of the phosphorus load compared to
nitrogen, the modelerscompared phosphorus loading from streambank erosion on a per foot basis
for six catchments To calculate the per foot load, th&otal catchmentload for stream bank erosion
wasdivided by length osimulated stream in the catchmentto yield estimateswith units of grams

per meter per year (g/m/yr).

Land use and hydrologic response are important drivers of phosphorus loading rates from stream
bank erosion but other catchment characteristics are also important, especially in comparing
loading rates among catchments with similar land usesCumulative drainage area is an important
consideration because more area for a given land use generally yields more flow that can erode
banks. Percent clay, silt, and sand is important because sand tends to settle out quicl®ypil
erodibility factor is an importandistinction as well.

Phosphorus loading rates from streambanks associated with twb the forested catchments are
generallythree to four orders of magnitude lower than the urban catchmentd he forested
catchmentwith streambank phosphorusloads near the low end of the urban rangelso has a lower
percentage of sandthe highest erodibility factor of thee catchments, and a drainage areghree to
four times higher than the urban catchmentgvaluated Even though the developed catchments
have higher percentages of sand than
the forested catchments, the
impervious surfaces result in hydrologic
changes that increase peak flows and
stresses on stream banks. Athe

Phosphorus loading rates from streambanks
associated with two of the forested catchments
cumulative drainage area increases, so '€ generally three to four orde_rs of magnitude
does stream flow which can generate lower than thephosphorus loading rates from

additional stress on the streambanks in  Urban catchments.
the catchment.
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Table+16. WARMF SimulatedosphorusoadsAssociated with Stre&@ank Erosion in Forested and Development Catchmentayémagesl for 2014 to 20

(10model iterations); Catchments are Sorted in Order of InBresgihgrus Loading Rate from Stream Banks

. . . . . Percent of hmen
Catchment Dominant Land Wise Cumulative Drainage Area SSURGEDIl | SSURGRerceni StreambankBsphorus ercent of Catchment
. . - . : Phosphorusad frorstream
Number Catchment including upstream Catchm erodibility facta clay, silt, sand load for this reach (g/m/ reach
42 79 % forest, unmanage 1,133 0.297 15,32,53 0.01 0.01%
grass
14 77% forest, unmanage 20,284 0.150 16,47,37 0.03 0.02%
grass
66%forest, unmanaged
228 22% developed open 5,258 0.228 12,23,65 0.18 0.09%
4 76% forest, unmanage 14,421 0.414 16,48,46 10.2 8.2%
grass
55 0% developed open, ¢ 3,696 0.211 15,23,62 10.7 5.4%
existing delopment
56 33% developed open, 4 4,122 0.222 14,22,64 20.0 3.9%
existing delopment
249 | 39% developed open, 2 6,804 0.241 13,27,60 150.7 36.2%
existing delopment
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WARMF Simulated Average Delivered Loading Rates to
Falls Lake for UNRBA Study Period

The loading ratespresented in the previous sections were catchmesstale loading rates from the
land area to the stream and do not include instream or impoundment processing. The modeling
team also calculated delivered loading rates to Falls Lakeom the land uses in the watershed.
These reflect the net effect of loading from all 264 modeling catchments and all of the processing
that occursin the streams and impoundments before the load reaches Falls Lake.

For theUNRBA studyeriod, the modelsimulates approximatelyl.65 million pounds per year of total
nitrogen; 183,000 pounds per year of total phosphorus; and 12 million pounds peryear of total
organic carbon delivered to Falls LakeTableH-17 summarizesthe loads and loading rates by
individual source and source group; colors correspond to those used elsewhere in the report for
source groups. These loading rates ar@annual averages delivered from each land use category for
2014 to 2018 and include loading from catchments with a range of soils, land uses, slopes,
catchment widths, reachengths, and precipitation. Some catchments drain to other impoundments
in the watershed before reaching Falls Lake. Losses that occur in streams and impoundments affect
all loading sourcedo that point in the mode| though processes andreactions will differ based on
season, hydrology, dissolved/particulate &ctions, and nutrient speciation.The loading are
generallyreduced during transport to Falls Lake with particulate fractions likely exhibiting more
reductions than dissolved fractions due to settling.

Figure H27 shows the sources of
delivered load to Falls Lake during
the UNRBA study period fdptal Natural areas contribute a balanced amount of
nitrogen, total phosphorus, and total  nutrient loading that is necessary for ecosystem
organic carbon. The largest source of health. An important goal of the UNRBA is to
total nitrogen, total phosphorus, and  conserve these natural areas for the lornterm

total organiccarbondelivered to Falls  protection of the watershed and Falls Lake.
Lake comes fromunmanagedareas

which comprise approximately

75 percent of the total watershed area an®7 percent of the Near Lake areaForested areas
compriseapproximately 60 percent of the land area andre important to the health of the
watershedas they store and cycle nutrients and carbon. Loading from these areas increases with
higher precipitation depths as the storage capacity of the soil becomes saturated and runoff occurs.
Natural areas generallycontribute a balanced amount of nutrient loadinghat is necessaryfor
ecosystemhealth andloads from these areas respond to hydrologic condition when soils become
saturated. An important goal of the UNRBIA to conserve these natural areas for the longrm
protection of the watershed and Falls Lake.

The second and third largest contributoref total nitrogen and total organic carbomre agriculture
and urban areas, respectively. In this watershed,
developed open space, which is mostly néDOT right of
ways, comprise$8 percent of the total area ofurban
source group and low intensity development comprises  Only 1.5 percent of the watershed
20 percent of the urban category. Only 1.5 percent of  grea is in medium or high intensity
the watershed area is in medium or high intensity development.

development Agriculture is predominantly small family
farms, and over onehalf of the agriculture in the basin
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is pasture. Thesecond largestsource of total phosphorus delivered to Falls Lake is streambank
erosion. Urban areas and agriculture are similar and have the next highphbsphorusloads.

Stream bank erosion is simulated by WARMF separately from the individual land uses. Stream bank
erosion is an average condition for the reach that accounts for soil erosivity, simulated shear stress,
bank and vegetation characteristics, etc. The hydroliegmpacts of impervious surfacegre not
reflected in the nutrient loading rates reported by land usethese are the loading rates from the

land surface that account for nutrient application/deposition, soil interactions, etc.

The WARMF modeling approach is very different than other models that relate land use
characteristics in a watershed to water quality observations in streams or assign export coefficients
to land uses (Dodd 1992, Harden et al. 2013, Lin 2004, Tetra Tech 2@]1 Miller et al. 2019 and

2021). In those studies, the hydrologic impacts on stream bank erosion and resulting nutrient
loading rates are accounted for in the observed water quality. Empirical models that use watershed
characteristics like land use to pedict observed water quality inherently include the stream bank
loading componentalong withthe land area loadingin the models.

While stream bank erosion does not contribute significantly to the nitrogen or total organic carbon
loads relative to other sources (approximately 1 percent for both), it contributes approximately

15 percent of the total phosphorus load to Falls Lake. Phosphorus loading rates from streambanks
associated with forested catchments are lower than urban catchments because impervious surfaces
result in hydrologic changes that increase peak flows and stressen stream banks. Woody

vegetation also provides sigfficant streambank stability.

Care will need to be taken whedisseminating results to stakeholders and the broader community
becausenutrient loading results from WARMF show higher intensity development having lower
nutrient loading ratesthan lower intensity development. This result does not capture the hydrologic
impacts of increasing impervious surface area, or the resulting streambank erosion component of
nutrient loading.

The WARMF simulated delivered total nitrogen loading rates for agriculttaage from 2 to

9 Ib/ac/yr and account for varying rates of nitrogen application and deposition from the watershed,;
the loading rates do account focrop harvesting whichis an important part of the nutrient balance
on agricultural lands. Urban loading rates range from & to 5.7 Ib/ac/yr for new developmentand
existing developmentrespectively New development rules went into effect in this watershed in
2011, and nitrogen loadng rates are not to exceed 2.2 Ib/ac/yr on averageThe UNRBA WARMF
model simulates slightly higher loads, likely because the rainfall condition ranged from average to
wet in 2015 to 2018. Because there is so little acreage of new development in théiNRBA study
period (~700 acres), thisshould not greatly affect the total loading to the lakeForess and
unmanaged grass and shrub havaverage nitrogen loading rateof 2.2 Ib/ac/yr for the calibrated
model (average to wet rainfall conditions)

For phosphorus, agricultual loading rates range fron0.32 to 0.71 Ib/ac/yr. Delivered average
loading rates from urban areagexcluding stream bank erosionjange from0.11 to 0.46 Ib/ac/yr
depending on the development type The lower loading rates arassociated with higher percentages
of impervious area, but these rates do not include loading from stream bank erosion. Streambank
erosion contributes more phosphorus load to Falls Lake than all of the urban land uses combined
and areas with high percerdages of impervious areagjenerate hydrologic effects which lead to
increased streambank erosion Foress and undisturbed lands have an averagghosphorusloading
rate of 0.3 Ib/ac/yr for the calibrated model (average to wet rainfall conditions)he land use
loading rates are higher fotand uses with higher percentages of pervious areas because of the
chemical interactions that happen at the surface or within the soil profildmpervious areas are
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limited in the amount of nutrients tha can be generated from the land surface and do not receive

nutrient applications in the WARMF model

Tabld+17. Load Delivered to Falls Lakéead Loading Rdtg Individual Source (All Contributing AcedsNRBA Study Per

Source 2:::?3; Source Group| TN Ib/yr b /;-c,:\llyr TP Iblyr Ib /;cplyr TOC Ib/yr Ib/-lf;g/C;r
Conventional Grain Corl 169 Agriculture 605 3.6 120 0.71 3,740 221
Doublecropped Soybean 3,350 Agriculture 6,691 2.0 1,137 0.34 64,794 19.3
Fescue (Pasture) 6,324 Agriculture 238,762 9.1 10,710 0.41 2,550,410 96.9
Fescue (Hay) 4,564 Agriculture 11,495 2.5 1,443 0.32 94,302 20.7
FlueCured Tobacco 2,736 Agriculture 16,545 6.0 1,712 0.63 54,251 19.8
Full Season Soybeans 5,861 Agriculture 12,339 2.1 2,205 0.38 120,261 20.5
NoTillGrain Corn 2,627 Agriculture 6,507 2.5 997 0.38 51,940 19.8
Wheat 820 Agriculture 2,802 3.4 353 0.43 17,267 21.1
DOT Roads, Connected 2,888 DOT 13,903 4.8 760 0.26 47,245 16.4
DOT Roads, Unconnect 9,976 DOT 28,867 2.9 1,498 0.15 105,629 10.6
ExDev, High Intensity 1,554 Urban 7,106 4.6 169 0.11 12,004 7.7
ExDev, Medium Intensit| 4,449 Urban 25,270 5.7 1,072 0.24 71,136 16.0
ExDev, Low Intensity 12,610 Urban 65,935 5.2 5,761 0.46 322,261 25.6
Developed Open Space| 42,981 Urban 140,667 3.3 12,063 0.28 967,549 22.5
IntDev, High Intensity 64 Urban 239 3.7 9 0.14 599 9.4
IntDev, Medium Intensit 330 Urban 1,159 35 75 0.23 5,241 15.9
IntDev, Low Intensity 252 Urban 898 3.6 87 0.35 5,816 23.1
NewDev, High Intensity 72 Urban 177 2.5 8 0.11 586 8.1
NewDev, Medium Intens 298 Urban 732 25 60 0.20 4,641 15.6
NewDev, Low Intensity 339 Urban 845 25 118 0.35 7,021 20.7
Deciduous Forest 146,587 Forest 305,600 2.1 31,536 0.22 3,089,973 21.1
Coniferous Forest 68,503 Forest 164,583 2.4 26,518 0.39 1,696,787 24.8
Mixed Forest 75,917 Forest 164,719 2.2 22,542 0.30 1,703,900 22.4
Shrub / Scrub 7,368 ;Jrg?;}gﬁ?uebd 16,092 2.2 1,982 | 027 158,061 215
Unmanaged Grassland | 41,484 grg?;};‘ﬁfuebd 95,166 2.3 11,639 | 0.28 887,793 21.4
Barren 471 Barren 2,684 5.7 356 0.76 13,174 28.0
Emerg Herbaceous Wet 406 Wetland 1,150 2.8 169 0.41 11,789 29.0
Woody Wetland 9,495 Wetland 31,789 3.3 4,171 0.44 330,440 34.8
Waterfowl Impoundmen 839 Wetland 2,225 2.7 269 0.32 23,129 27.6
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Tabld+17. Load Delivered to Falls Lakéi@ad Loading Rdte Individual Source (All Contributing Aoed$)NRBA Study Per

Drainage TN TP TOC
r r r TN Ib/yr TP Iblyr T Ib/yr
SllEs Area (ac) SR (Sl oy Ib/aclyr oy Ib/ac/yr e 2y Ib/aclyr
Water 4,455 Open Water 19,455 4.4 1,607 0.36 104,609 23.5
General Nonpoint Sourc NA GeneralNPS 19,796 NA 6,197 NA 161,931 NA
Stream Bank Erosion NA StreamBanks 13,718 NA 26,761 NA 132,888 NA
Direct Precipitation NA DirecPrecipitation 85,066 NA 59 NA 121,522 NA
Direct Dry Deposition NA Direct Dry Deposit 11,265 NA 2,112 NA 8,217 NA
Privy NA Onsit&VW (no DS 7 NA 0 NA 58 NA
Conventional Functionin NA Onsit&VW (no DS 17,145 NA 2 NA 4,447 NA
Conventional .
Malfunctioning NA Onsit&VW (no DS 6,318 NA 32 NA 64,875 NA
Advanced Treatment, NA OnsittVW (no DSI 306 NA 0 NA 230 NA
Functioning
Advanced Treatment, NA OnsiteWW (no DS~ 201 NA 1 NA 2,198 NA
Malfunctioning
Advancetreatment, . d
Functioning >3000gpd NA OnsiteWW (no DS 1 NA 0 NA 1 NA
Major WWTPs NA Major WWTPs 90,489 NA 6,093 NA 160,033 NA
Minor WWTPs NA Minor WWTPs 16,403 NA 295 NA 15,673 NA
Discharging Discharging Sandfi
Sandfilter Syste(DSF) NA Systems 10,589 NA 1,013 NA 7,136 NA
Sanitary Sewer Overfloy ~ NA Sanitary Sewer 50 NA 7 NA 47 NA
Overflows
Total 492.267 1,656,361 NA 183,717 NA 13,205,602 NA

Loads are presented to the single pound for comparisons across the model report and appendices that prsseatctper@ata in vario

This reporting is not to infer precision in the modeling results.
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Figure H27. Sources ofDelivered Total Nitrogen (1.65 million pounds per yeatop), Total Phosphorus

(183,000 pounds per year middle), and Total Organic Carbon (13.1 million pounds per yedoottom) for the
UNRBA Study Period?014-2018)
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Sensitivity Analyses for Rainfall (Hydrologic Condition)

As described throughout this appendix, the UNRBA study period represents an average to wet
hydrologic condition(range ofannual precipitationfrom 45.6 to 60.3 inches with an average of

53.9 inches). This section discusses theffects of decreasing or increasing the rainfall amounts by
20 percent to assess the impacts on delivered nutrient loading to Falls Lake.

To test the effects of a dry to average hydrologic condition on nutrient and carbon loading to Falls
Lake, a sensitivity analysis on precipitation amount was conducted where earicipitation depth
(78 stations, 6-hour precipitation depth) was multiplied by a factor of 0.8For example, his factor
reduced annual precipitationat RDU airporfrom a range of 4.6 to 60.3 inches per yearfor the
UNRBA study periodownto a range 0f36.5 to 48.2 inches per yearwith an average o#3.1 inches.
This lower rage of annual precipitation is similar to theondition during which the USFS conducted
monitoring studiesof forested headwater catchmentg37 to 51 incheswith an average of

43.8 inches) as well as the baseline modeling conducted by DW&7.6 to 53.7 inches with an
average of 42.4inches). No other model inputs were changed for thisensitivityanalyss including
other meteorologcal inputs (humidity, wind speed, etc.) which would also affect hydrology.

Simulating 20 percent less rainfall across the
watershed lowereddelivered nutrient and carbon _ _ _
loads to Falls Lakeby 34 to 42 percentcompared to ~ Simulating 20 percent less rainfall

the 2015 to 2018 conditions, depending on the across the watershed lowered
parameter. Delivered total nitrogen load decreased  delivered nutrient and carbon loads to
from 1.65 million to 1.08 million (34 percent Falls Lake by 34 to 42 percent
reduction), deliveredtotal phosphorus load compared to the 2015 to 2018
decreased from 184 thousand to 107 thousand conditions, depending on the

(42 percent reduction), anddeliveredtotal organic parameter.

carbon load decreased from 13.2 million t& million
(39 percent reduction)).

Table H18 shows the delivered load and areal loadingrates by sourcefor this dry to average

hydrologic condition Note that areal loading rates for total nitrogen from forested aas range from
1.2 to 1.5 pounds of total nitrogenper acreper year and 0.13 to 0.24 pounds of total phosphorus
per acreper year. These are approximately dound per acreper yearless of total nitrogen and0.1
to 0.15 pound per acre per year less of total phosphorus compared to the UNRBA study period

During the model development and review processiibject matter experts and DWR modeling staff
inquired about the simulated loading rates from forested aredsr the UNRB/Atudy periodrelative

to monitoring studies. FigureH-28 shows the average annual loatheasured by the US Forest
Servicefor each monitoring yeaand site compared to thefive-yearaveragesimulated by WARMF for
each forest typefor the dry hydrologicondition. Note the simulated forest loading rates for WARIF
include the37,000 acres that drain
directly to Falls Lake and do not have
the benefit of instream processing
(settling, denitrification, etc.) The
averagesimulated forest loading rates

The average simulated forest loading rates for
WARMF under the dry to average hydrologic

for WARMF under the drio average condition are within the ranges reported by the US
hydrologic condition arawithin the Forest SerwceNhl_ch were _conducted under dry to
ranges reported by the US Forest average hydrologic conditions

Service.
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Tabld+18. Load Delivered to Falls LakAraadl Loading RatasIndividual Source (All Contributing Aretts) fargo Average

Conditiorf20 percent less rainfall than 2015 to 2018)

Source 2:::?3; Source Group| TN Ib/yr Ib /;—c,:\llyr TP Ib/yr b /;-Zyr TOC Iblyr Ib/-lf;g/;:r
Conventional Grain Cor 169 Agriculture 387 2.3 72 0.42 2,366 14.0
Doublecropped Soybean 3,350 Agriculture 3,633 11 605 0.18 35,517 10.6
Fescue (Pasture) 6,324 Agriculture 135,855 5.2 6,074 0.23 1,446,979 55.0
Fescue (Hay) 4,564 Agriculture 7,058 15 859 0.19 56,362 12.3
FlueCured Tobacco 2,736 Agriculture 10,295 3.8 916 0.33 29,742 10.9
Full Season Soybeans 5,861 Agriculture 7,071 1.2 1,243 0.21 69,636 11.9
NoTill Grain Corn 2,627 Agriculture 3,761 1.4 579 0.22 29,828 11.4
Wheat 820 Agriculture 1,638 2.0 216 0.26 10,339 12.6
DOT Roads, Connected 2,888 DOT 9,985 35 484 0.17 29,697 10.3
DOT Roads, Unconnect 9,976 DOT 17,628 1.8 868 0.09 58,852 5.9
ExDev, High Intensity 1,554 Urban 5,927 3.8 131 0.08 8,316 5.4
ExDev, Medium Intensit| 4,449 Urban 20,091 4.5 709 0.16 45,739 10.3
ExDev, Low Intensity 12,610 Urban 47,386 3.8 3,614 0.29 208,598 16.5
Developed Open Space| 42,981 Urban 88,196 2.1 7,511 0.17 598,776 13.9
IntDev, High Intensity 64 Urban 188 29 7 0.10 419 6.6
IntDev, Medium Intensit) 330 Urban 769 2.3 49 0.15 3,348 10.1
IntDev, Low Intensity 252 Urban 564 2.2 52 0.21 3,589 14.2
NewDev, High Intensity 72 Urban 124 1.7 5 0.08 370 5.1
NewDev, Medium Inteng 298 Urban 469 1.6 37 0.12 2,852 9.6
NewDeyv, Low Intensity 339 Urban 530 1.6 71 0.21 4,391 13.0
Deciduous Forest 146,587 Forest 174,614 1.2 18,427 0.13 1,775,366 12.1
Coniferous Forest 68,503 Forest 105,483 1.5 16,435 0.24 1,086,683 15.9
Mixed Forest 75,917 Forest 102,093 13 13,772 0.18 1,056,366 13.9
Shrub / Scrub 7.368 :rgrgsrslﬁguebd 8,850 1.2 1,143 0.16 89,707 12.2
Unmanaged Grassland 41,484 ngr;?;gﬁrguebd 53,544 1.3 6,739 0.16 515,725 12.4
Barren 471 Barren 2,005 4.3 219 0.47 8,912 18.9
Emerg Herbaceous Wet 406 Wetland 770 1.9 107 0.26 7,843 19.3
Woody Wetland 9,495 Wetland 21,127 2.2 2,678 0.28 218,848 23.0
Waterfowl Impoundmen 839 Wetland 1,548 1.8 176 0.21 16,205 19.3
Water 4,455 Open Water 13,289 3.0 1,018 0.23 66,988 15.0
Initial System Mass NA GeneralNPS 17,336 NA 4,923 NA 138,456 NA
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Tabld+18. Load Delivered to Falls LakAraadl Loading RatasIndividual Source (All Contributing Aretts) fargo Average

Conditiorf20 percent less rainfall than 2015 to 2018)

Drainage TN TP TOC
r r r TN Ib/yr TP Iblyr T Ib/yr
SllEs Area (ac) SR (Sl oy Ib/aclyr oy Ib/ac/yr e 2y Ib/aclyr
Stream Bank Erosion NA StreamBanks 3,910 NA 7,291 NA 38,033 NA
Direct Precipitation NA Direct Precipitatio 67,967 NA 48 NA 96,967 NA
Direct Dry Deposition NA Direct Dry Deposit 11,267 NA 2,147 NA 8,211 NA
Privy NA Onsit&VW (no DS 1 NA 0 NA 4 NA
Conventional Functionin NA Onsit&VW (no DS 10,597 NA 1 NA 1,163 NA
Conventional NA Onsitavw (no DS~ 11948 NA 62 NA 19,061 NA
Malfunctioning
Advanced Treatment, NA onsitavw (nosF)| 183 NA 0 NA 59 NA
Functioning
Advanced Treatment, NA Onsiteww (nopg &7 NA 2 NA 20 NA
Malfunctioning
Advanced Treatment, . d 0 0 0
Functioning >3000gpd NA OnsiteWW (no DS NA NA NA
Major WWTPs NA Major WWTPs 92,526 NA 6,251 NA 197,804 NA
Minor WWTPs NA Minor WWTPs 16,772 NA 302 NA 19,372 NA
Discharging Discharging Sandfi 10,827 1,040 8,820
Sandfilter Syste(ESF) NA Systems NA NA NA
Sanitary Sewer Overfloy NA Sanitary Sewer 51 NA 8 NA 59 NA
Overflows
Total 492.267 1,078,331 NA 106,894 NA 8,017,088 NA

Loads are presented to the single pound for comparisons across the model report and appendices that prsseatectper@ata in vario

This reporting is not to infer precision in the modeling results.
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FigureH-28. Comparison of FiveYear AverageSimulated Forest Areal Loading Rates for the Dry to Average
Hydrologic Condition to AnnubEstimates from the US Forest Servic@gVARMF Simulation Includes Areas that
Drain Directly to Falls Lakewith No Instream Processing
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Previous WARMF watershed modeling conducted by DWR (2009) estimated that loads from forested
areas were much smaller than th&VARMF simulated loads for theENRBA study period and the dry
condition sensitivity analysisummarized in Table KL8. The DWR (2009) report summarizes
delivered nutrient loads for each of the five major tributaries to Falls Lak&ased on the DWR

report, the areal loading rates for forests simulated by tHBWRmodel can be compared to recent
modeling by the UNRBA and to the monitog studies conducted by the US ForeStervice For
example, for the Eno Rivesubwatershed, the DWR report indicates that approximately 57.2 percent
of the subwatershed area was forested based on the 200dational Land Cover DatabaseéN(LCD.

The area of the Eno River subwatershed is approximately 108,700 acres, so the acreage of forest in
the subwatershed was approximately 62,176 acres in the DWR model. The total phosphorus load
delivered by Eno River subwatershed in the DWR model (which esginted a dy to average
hydrologic condition) was simulated to be 16 kilograms per day or 12,875 pounds per year from all
sources in the watershed. The DWR model estimated that 0.8 percent of the total phosphorus load
from the Eno River subwatershed was due to fated areas, or 0.008*12,875=103 Ib/yr. Dividing

by the forested area of 62,176 acres yields an average areal loading rate of 0.0016 Ib/ac/yr. Thus,
the DWR simulated loading rate for forestsag one to two orders of magnitude lower than the typical
rangereported for the US Forest Service monitoring sites (0.044 Ib/ac/yr to 0.24 Ib/ac/yr

[0.05 kg/hal/yr to 0.27 kg/halyr | based on Figure HLO). One explanation for the difference between
the two models is that the DWR model did natclude atmospheric deposition of phosphorus to the
watershedand would not have had access to the USGS forest soils data provided by the subject
matter experts reviewing the UNRBA modd\either the City of Durham (AMEC 2012) atmospheric
deposition study which included phosphorianalysisnor the UGSS soil chemistry data (Smith et al.,
2013) were available at the time the DWR model was developed.

Cardno ENTRIX(13) previously compared the simulated loads to Falls Lake from the DWR WARMF
model to other estimates available at the time including the DWR EFDC model inputs to Falls Lake.
Thiscomparisondemonstrated that the DWR WARMF watershed model likely underestimated the
total phosphorus loaddeliveredto Falls Lake by a factor of 2. The totaimulated load (DWR 2009)
from the upper five tributaries was approximately 58,000 {B/yr, but the average total phosphorus

load used to develop the DWR Falls Lake EFDC model inputs was 117,00B/Mx (a difference of
59,000 Ib-P/yr). The DWR EFDC model inputs were estimated from gaged flows in the watershed
and birweekly water quality sampling athe five largest tributaries The EFDC model inputs were
similar on an annual scale to USGS SPARROW estimates (Cardno ENTRIX 2013).

Evaluation of the tributaryevel UNRBA WARMF model output for the dry to average hydrologic
condition indicates that forested areas from these upper five tributaries contributes approximately
23,000 Ib-P/yr compared to the DWR simulated load from forested areas in these five tributaries of

263 Ib-P/yr. The under simulation of total phosphorus loads from forested areas may account for

some of the discrepancy between the DWR WARMF simulated loads to Falls Lake and the DWR EFDC
modeled inputs to Falls Lake.The remainder of the discrepancy is likely due to the assumed soil
phosphorus concentrations which apply throughout the watershed and which DWR would not have

had the data provided by Smith et al. (2013).

It is important to note when comparing the results of
the dry to average rainfaltondition to the 2009

DWR WARMF model and particularly the relative ~ Severalsignificantimprovements to
source contributions, severaimprovements to nutrient loading have occurred in the
nutrient loadinghave occurred in the watershed watershed sincethe mid2 0 0 0 § s
since the mid2000s. These changes are described
in more detail in the main report:
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1 Total nitrogen loads from the three major WWTPs have decreased by 24 pereemen
comparing the average of 2005 to 2007 to the average of 2014 to 201&nd by 38 percent
whencomparing 2006 to 2018. Total phosphorus loads from these facilities va decreased by
69 percentor 81 percent when comparingeither the averages othese periodsor 2006 to
2018, respectively Most of the minor WWTPs have also reduced loading from their facilities.

1 Acres of agricultural production have declined by 44 percent. Nutrient management plans have
reduced the rates of nutrient application to many of the crops grown in the Falls Lake watershed.
Restoration of stream buffers, livestock exclusion, conservatidgillage, and cover crops has
expanded. The NC Department of Agriculture and Consumer Services indicates there is little
opportunity for additionalreductions from agricultural areas.

1 Over 350 stormwater control retrofitdrad been installedby December 2015to reduce nutrient
loading from existing development.

1 Rates of nitrogen deposition to the watershed and lake surface have decreased by
approximately 25 percent

To assess loading under a higher precipitation conditipan analysiswas conducted to increase the
rainfall by 20 percentrelative to what occurred in 2015 to 2018. This analysis was generatéxy
multiplying each6-hr precipitation input by 1.2. This factor results insimulated annual precipitation
at RDU airportrangingfrom 54.7 to 72.4 inches per year with an average @4.3 inches.

Simulating 20 percent more rainfall across the

watershedincreaseddelivered nutrient and carbon

loads to Falls Lake by36 to 41 percentcompared to ~ Simulating 20 percent more rainfall
the 2015 to 2018 conditions, depending on the across the watershed increased
parameter. Annual average dlivered total nitrogen ~ delivered nutrient and carbon loads
load increasedfrom 1.65 million to 2.25 million (36 to Falls Lake by 36 to 41 percent
percentincrease), delivered total phosphorus load compared to the 2015 to 2018
increasedfrom 183 thousand t0294 thousand @8 conditions, depending on the
percentincrease), and delivered total organic carbon parameter.

load increased from 131 million to 18.5 million (41
percent increase).

Table H19 shows the delivered loads and areal loading rates by source for thisy e r yhydwodico
condition. Note that areal loading rates for total nitrogen from forested areas range fr@&m9 to

3.2 pounds of total nitrogen per acre per year and.3 to 0.55 pounds of total phosphorus per acre
per year. These are approximately 1 pound per acre per yeaore of total nitrogen and 0.1 pound
per acre per yeamore of total phosphorus compared to the UNRBA study period.

Table+19. Load Delivered to Falls Lake and Areal Loading Rates by Individual Source (All ContributiMgArgés) fo

Condition (20 percent more raittfalh 2015 to 2018)

Source 2;:??2; Source Group| TN Ib/yr b /;[,\l/yr TP Ib/yr Ib /;-cplyr TO/yr Ib/-;(g/(;r
169 823 4.9 175 1.03 5,101 30.1
3,350 9,690 29 1,728 0.52 92,961 27.7
6,324 350,575 13.3 15,782 0.60 3,755,855 142.7
4,564 16,089 3.5 2,062 0.45 133,132 29.2
2,736 22,364 8.2 2,607 0.95 77,697 28.4
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Tabld+19. Load Delivered to Falls Lake and Areal Loading Rates by Individual Source (All ContributiivgArgés) fg

Condition (20 percent more raittiaih 2015 to 2018)

Source 2:::?3; Source Group| TN Ib/yr Ib /;—c,:\llyr TP Ib/yr b /;-Zyr TO/yr |b/-|<’;1(3/§/:r
Full Season Soybeans 5,861 Agriculture 17,550 3.0 3,265 0.56 169,316 28.9
NoTill Grain Corn 2,627 Agriculture 9,479 3.6 1,438 0.55 74,274 28.3
Wheat 820 Agriculture 4,053 4.9 494 0.60 24,079 29.4
DOT Roads, Connected 2,888 DOT 17,978 6.2 1,062 0.37 65,464 22.7
DOT Roads, Unconnect 9,976 DOT 41,016 4.1 2,237 0.22 160,679 16.1
ExDev, High Intensity 1,554 Urban 8,320 5.4 208 0.13 15,990 10.3
ExDev, Medium Intensit| 4,449 Urban 31,135 7.0 1,480 0.33 98,988 22.3
ExDev, Low Intensity 12,610 Urban 84,486 6.7 8,145 0.65 436,786 34.6
Developed Open Space| 42,981 Urban 195,345 45 16,976 0.39 1,348,460 314
IntDev, High Intensity 64 Urban 295 4.6 11 0.18 798 12.5
IntDev, Medium Intensit) 330 Urban 1,527 4.6 106 0.32 7,363 22.3
IntDev, Lowtensity 252 Urban 1,220 4.8 130 0.51 8,115 32.2
NewDev, High Intensity 72 Urban 228 3.2 11 0.15 833 11.6
NewDev, Medium Inteng 298 Urban 1,016 3.4 85 0.28 6,568 22.0
NewDev, Low Intensity 339 Urban 1,159 3.4 169 0.50 9,576 28.3
Deciduous Forest 146,587 Forest 434,317 3.0 44,917 0.31 4,355,564 29.7
Coniferous Forest 68,503 Forest 221,261 3.2 37,377 0.55 2,275,110 33.2
Mixed Forest 75,917 Forest 224,862 3.0 31,831 0.42 2,320,304 30.6
Shrub Scrub 7368 grgrgsgﬁguebd 23,140 3.1 2,843 0.39 223,069 30.3
Unmanaged Grassland 41,484 ;J:;r:sgﬁrguebd 138,587 3.3 16,792 0.40 1,260,395 30.4
Barren 471 Barren 3,380 7.2 519 1.10 17,105 36.3
Emerg Herbace@stland 406 Wetland 1,508 3.7 234 0.58 15,471 38.1
Woody Wetland 9,495 Wetland 41,943 4.4 5,745 0.61 435,590 45.9
Waterfowl Impoundmen 839 Wetland 2,836 3.4 366 0.44 29,230 34.8
Water 4,455 Open Water 24,964 5.6 2,206 0.50 139,599 31.3
Initial System Mass NA GeneralNPS 23,603 NA 9,979 NA 197,795 NA
Stream Bank Erosion NA StreamBanks 32,053 NA 73,871 NA 302,509 NA
Direct Precipitation NA Direct Precipitatio, 103,365 NA 71 NA 147,479 NA
Direct Diyeposition NA Direct Dry Deposit 11,446 NA 2,118 NA 8,320 NA
Privy NA Onsit&VW (no DS 5 NA 0 NA 20 NA
Conventional Functionin NA Onsit&VW (no DS 22,239 NA 3 NA 3,484 NA
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Table+19. Load Delivered to Falls Lake and Areal Loading Rates by Individual Source (All ContributiMg@reés) fo

Condition (20 percent more raittfalh 2015 to 2018)

Drainage TN TP TOC
r r r TN Ib/yr TP Iblyr T r
SllEs Area (ac) SR (Sl oy Ib/aclyr oy Ib/ac/yr Gzl Ib/aclyr
Conventl_onal NA ONsitdVW (no DS 4,637 NA 151 NA 47,652 NA
Malfunctioning
Advance_d Treatment, NA OnsitéVW (no DS 395 NA 0 NA 184 NA
Functioning
Advance_d T_reatment, NA OnsiteWW (no DS 147 NA 5 NA 1,590 NA
Malfunctioning
Advanced Treatment, . q 1 0 1
Functioning >3000gpd NA OnsiteWW (no DS NA NA NA
Major WWTPs NA Major WWTPs 94,735 NA 5,825 NA 204,640 NA
Minor WWTPs NA Minor WWTPs 17,172 NA 282 NA 20,042 NA
Discharging Discharging Sandfi 11,086 969 9,125
Sandfilter Syste(ESF) NA Systems NA NA NA
. Sanitary Sewer 52 7 61
Sanitary Sewer Overfloy NA Overflows NA NA NA
Total 492.267 2,252,084 NA 294,278 NA 18,506,373 NA

Loads are presented to the single pound for comparisons across the model report and appendices that prsseatctper @ata in vario
This reporting is not to infer precision in the modeling results.

Figure H29 through Figure H31 compare the UNRBA WARMF simulated total nitrogen, total
phosphorus, and total organic carbon loads delivered to Falls Lake for the dry to average condition
(20 percent less rainfall) and the very wet condition (20 percent more rainfall). Only rainfall was
changed for trese analyses 0 all other drivers of pollutant loading remained constant across the

two simulations. As the figures illustrate, simulating different hydrological conditions (e.g., dry years
versus wet years) also affects the relative contribution of loading from each source to Falls Lake. As
expected, under a dryer condition, the relative atribution from wastewater treatment plants
increases as the loads from no#point sources decreaseand under wet conditions the opposite

occurs.
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shrub, wetlands,
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10% from WWTPs
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2% from Onsite
WWT, 23,623
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__ Dry Deposition to
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<1% from
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3% from DOT,
58,994

14% from
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- 32,053
\‘\_ 1% from Initial
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FigureH-29. Comparison ofAnnual AverageTotal Nitrogen LoadsDeliveredto Falls Lakefor the Dry to
Average Condition(1.1 million pounds per yeartop panel)and the VeryWet Condition .25 million pounds
per year,bottom panel)

H-69

AppendixH_SMEReviewSupplementalEvals




UNRBA Falls Lake Watershed Modeling Report Appendix H
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FigureH-30. Comparison ofAnnual AverageTotal PhosphorusLoads Delivered to Falls Lakdor the Dry to
Average Condition(107 thousand pounds per yeartop panel)and the VeryWet Condition 94 thousand
pounds per yearbottom panel)

H-70

AppendixH_SMEReviewSupplementalEvals



UNRBA Falls Lake Watershed Modeling Report Appendix H
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1,680,768

11% from Urban,
876,399

60% from Unmanaged
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shrub, wetlands, open
S R \\ 3% from WWTPs,
217,235
Less than 2% each from DOT, Onsite WWT, Wet and

Dry Deposition to Lake Surfaces, Streambank
erosion, and initial system mass.

23% from Agriculture,
4,332,413

10% from Urban,
1,933,478

60% from Unmanaged
lands (forests, grass,
shrub, wetlands, open \

water), 11,054,332

Less than 2% each from WWTPs, DOT, Onsite WWT,
Wet and Dry Deposition to Lake Surfaces,
Streambank erosion, and initial system mass.

FigureH-31. Comparison ofAnnual AverageTotal Organic CarborLoads Delivered to Falls Lakdor the Dry
to Average Condition(8.0 million pounds per year,top panel) and the VeryWet Condition (L8.5 million
pounds per yearbottom panel)

Sensitivity Analyses on Rates of Atmospheric Deposition

Atmospheric deposition of pollutants occurs as both dry deposition (i.e., the settlinglat and
particulates) and wet deposition (associated with precipitation). Deposition that occurs on the
watershed may be taken up by plants, infiltrated into the soil, washed off surfaces by stormwater
runoff, or lost due to watershed processes(op hawesting, denitrification, etc.) The WARMF model
accounts for these processes in its simulationsTributary water quality samplingised for model
calibration accounts forthe net effectsall sources and processes that occur upstream dffie
samplinglocation.
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WARMF simulatesvet and dryatmospheric deposition oseveralmodeled constituents For
nitrogen, he UNRBANARMFNodel usesweeklyprecipitation chemistryand air chemistry data
collected at stations that are 20 to 70 miles from the watershedOthermodelsfor the region
indicate that air deposition can be highly variable spatia)lgnd that rates of nitrogen depositiorare
highernear urban areas compared to rural areappendix D). The median total nitrogen deposition
rate is 12 kg/haly r based on CASNET datégor 2000-2017 and 10 kg/ha/yr based on EPA

EnviroAtlas moded for 2011. Spatially distributed estimates of totahitrogendeposition for 2010

2012 ranged from 8-14 kg/hal/y r based on USGS SPARROW madéebincethe time Appendix D was
developed by researchers at the NC Collaboratoopnline EPA EnviroAtlamodels for 2016 have
been published. This update reporteitrogen deposition rates for the watershed ranging from
8.1 kg/halyr in the rural areas and up to 9.4 kg/hal/yr in the more developed areas of the watershed
which arelower than the 2011 estimates

To addressboth the uncertainty with atmospheric depositiomnd potential changes due toadditional
air quality improvements sensitivity analysesvere developed thatvary the deposition rates bylus
or minus 25 percent applied to alldeposition constituents simulated by the moddkee FiguresH-32
through H34). This evaluation was requested by DWR modeling staff and subject matter experts

during themodel review process. Table H20 and Table H21 show the delivered loads and areal

loading rates by sourcavhen 6-hour inputs of atmospheric deposition are multiplied by 0.75
(25 percent less) or 1.25 (25 percent more), respectivelyl he effectof these sensitivity analyses on

loading rates and delivered loads to Falls Lake msuch lessthan the effect of simulating a dry to
average hydrologic conditiolor a very wet hydrologic conditianAs noted in the main reportpnly a

fraction of the nutrients applied or depositedto the watershed is deliveredd Falls Lake(21 percent
of total nitrogenand 16 percent oftotal phosphorusfor the UNRBA study perigd

TableH20. Load Delivered to Falls Lake and Areal Loading Rates (All Contributing Areas) for the 25 Percent Less

Deposition Sensitivity Analysis

Source 2:::?2; Source Group| TN Ib/yr b /;([,\l/yr TP Iblyr Ib /;-cplyr TOC Iblyr Ib/-lz-ig/(;r
169 591 3.5 120 0.71 3,700 21.8
3,350 6,470 1.9 1,134 0.34 63,792 19.0
6,324 237,982 9.0 10,676 0.41 2,535,188 96.3
4,564 11,244 25 1,436 0.31 92,907 20.4
2,736 15,900 5.8 1,708 0.62 53,384 19.5
5,861 11,929 2.0 2,196 0.37 118,402 20.2
2,627 6,316 2.4 993 0.38 51,157 19.5
820 2,735 3.3 350 0.43 16,874 20.6
DOT Roads, Connected 2,888 DOT 12,327 4.3 750 0.26 45,885 15.9
DOT Roads, Unconnect 9,976 DOT 25,682 2.6 1,480 0.15 103,315 10.4
ExDev, High Intensity 1,554 Urban 6,092 3.9 154 0.10 10,885 7.0
ExDev, Medium Intensit 4,449 Urban 22,942 5.2 1,047 0.24 68,848 15.5
ExDev, Low Intensity 12,610 Urban 61,881 4.9 5,739 0.46 317,470 25.2
Developed Open Space| 42,981 Urban 128,984 3.0 11,998 0.28 952,505 22.2
IntDev, High Intensity 64 Urban 197 3.1 8 0.13 552 8.6
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Tabld+20. Load Delivered to Falls Lake and Areal Loading Rates (All Contributing Areas) for the 25 Percent Lesq

Deposition Sensitivity Analysis

Source 2:::?3; Source Group| TN Ib/yr Ib /Zc,:\llyr TP Iblyr b /;cplyr TOC Iblyr Ib/-lf;g/;:r
IntDev, Medium Intensit) 330 Urban 1,038 3.1 73 0.22 5,085 15.4
IntDev, Lowtensity 252 Urban 845 3.3 87 0.35 5,741 22.8
NewDev, High Intensity 72 Urban 150 2.1 7 0.10 552 7.7
NewDev, Medium Inteng 298 Urban 666 2.2 59 0.20 4,547 15.2
NewDev, Low Intensity 339 Urban 801 2.4 118 0.35 6,931 20.5
Deciduous Forest 146,587 Forest 294,165 2.0 31,543 0.22 3,013,335 20.6
Coniferous Forest 68,503 Forest 160,074 2.3 26,398 0.39 1,668,970 24.4
Mixed Forest 75,917 Forest 159,979 2.1 22,450 0.30 1,670,982 22.0
Shrub / Scrub 7,368 ;’rr;?;}gﬁrguebd 15,389 2.1 1972 | 027 154,678 21.0
Unmanaged Grassland | 41,484 grgg“sgﬁf’uebd 89,977 2.2 11,585 | 0.28 872,360 21.0
Barren 471 Barren 2,483 5.3 356 0.75 12,996 27.6
Emerg Herbaceous Wet 406 Wetland 1,127 2.8 168 0.41 11,652 28.7
Woody Wetland 9,495 Wetland 31,148 3.3 4,160 0.44 326,231 34.4
Waterfowl Impoundmen 839 Wetland 2,143 2.6 264 0.32 22,636 27.0
Water 4,455 Open Water 17,931 4.0 1,598 0.36 102,516 23.0
Initial System Mass NA GeneralNPS 18,917 NA 6,041 NA 156,039 NA
Stream Bartkrosion NA StreamBanks 12,553 NA 26,409 NA 122,282 NA
Direct Precipitation NA Direct Precipitatio 64,266 NA 45 NA 91,498 NA
Direct Dry Deposition NA Direct Dry Deposit 8,539 NA 1,594 NA 6,200 NA
Privy NA Onsit&VW (no DS 2 NA 0 NA 11 NA
Conventional Functionin NA Onsit&VW (no DS 15,588 NA 2 NA 2,268 NA
,vlca?lf”u"fcr;itgonri‘g'g NA OnsitdVW (no DS| 3,276 NA 105 NA 33,075 NA
Advanced Treatment OnsittVW (no DS 270 NA 0 NA 117 NA
Functioning
Advanced Treatment OnsiteWW (no DY~ 104 NA 3 NA 1,119 NA
Malfunctioning
Fﬁ‘:}‘gg‘;}?ﬁgﬁggggggz NA OnsiteWW (no DY 0.47 NA 0 NA 0 NA
Major WWTPs NA Major WWTPs 93,718 NA 6,113 NA 201,639 NA
Minor WWTPs NA Minor WWTPs 16,988 NA 296 NA 19,748 NA
san dﬁggsgtiggmm NA Disc“g;?;{fmssa”dﬁ 10,967 NA 1,017 NA 8,991 NA
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Tabld+20. Load Delivered to Falls Lake and Areal Loading Rates (All Contributing Areas) for the 25 Percent Lesq

Deposition Sensitivity Analysis

Drainage TN TP TOC

Source Area (ac) Source Group| TN Ib/yr lb/aclyr TP Iblyr Ib/achyr TOC Iblyr Ib/aclyr
Sanitary Sewer Overflc ~ NA Sags::%oﬁwer 51 NA 7 NA 60 NA
Total 492.267 1,574,429 NA 182,259 NA 12,957,123 NA

Loads are presented to the single pound for comparisons across the model report and appendices that prsseatctpergata in vario

This reporting is not to infer precision in the modeling results.

TableH21. Load Delivered to Falls Lakémad Loading Rat@dl Contributing Areas)ttoe 25 PerceoreAtmospheric

Depositiosensitivity Analysis

Source 2::;‘?35 Source Group| TN Ib/yr b /;-(':\I/yr TP Iblyr Ib /z-:lrcplyr TOC Iblyr |b/-|<';lcc)/§l:r
Conventional Grain Corl 169 Agriculture 623 3.7 120 0.71 3,800 22.4
Doublecropped Soybean 3,350 Agriculture 6,915 2.1 1,138 0.34 65,833 19.7
Fescue (Pasture) 6,324 Agriculture 238,811 9.1 10,705 0.41 2,553,917 97.0
Fescue (Hay) 4,564 Agriculture 11,709 2.6 1,445 0.32 95,603 20.9
FlueCured Tobacco 2,736 Agriculture 17,188 6.3 1,710 0.63 55,107 20.1
Full Season Soybeans 5,861 Agriculture 12,741 2.2 2,207 0.38 122,108 20.8
NoTill Grain Corn 2,627 Agriculture 6,677 25 997 0.38 52,633 20.0
Wheat 820 Agriculture 2,837 3.5 352 0.43 17,440 21.3
DOT Roads, Connected 2,888 DOT 15,486 5.4 769 0.27 48,193 16.7
DOT Roads, Unconnect 9,976 DOT 32,227 3.2 1,515 0.15 107,693 10.8
ExDev, High Intensity 1,554 Urban 8,137 5.2 184 0.12 13,160 8.5
ExDev, Medium Intensit] 4,449 Urban 27,695 6.2 1,096 0.25 73,500 16.5
ExDev, Low Intensity 12,610 Urban 70,161 5.6 5,784 0.46 327,171 25.9
Developed Open Space| 42,981 Urban 152,716 3.6 12,120 0.28 979,087 22.8
IntDev, High Intensity 64 Urban 281 4.4 9 0.15 647 10.1
IntDev, Medium Intensit) 330 Urban 1,283 3.9 76 0.23 5,396 16.3
IntDev, Low Intensity 252 Urban 953 3.8 88 0.35 5,891 234
NewDev, High Intensity 72 Urban 205 29 8 0.12 620 8.6
NewDev, Medium Intens 298 Urban 801 2.7 60 0.20 4,736 15.9
NewDev, Low Intensity 339 Urban 892 2.6 118 0.35 7,115 21.0
Deciduous Forest 146,587 Forest 310,212 21 31,484 0.21 3,094,524 211
Coniferous Forest 68,503 Forest 168,590 2.5 26,694 0.39 1,717,434 25.1
Mixed Forest 75,917 Forest 167,863 2.2 22,612 0.30 1,719,741 22.7
Shrub / Scrub 7,368 ;’;@;Qﬁf’uebd 16,658 2.3 1,977 0.27 158,916 21.6
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TableH21. Load Delivered to Falls Lakémad Loading Rat@dl Contributing Areas)ttoe 25 PerceloreAtmospheric

Depositiosensitivity Analysis

Drainage TN TP TOC
r r r TN Ib/yr TP Iblyr T Ib/yr
SllEs Area (ac) SR (Sl oy Ib/aclyr oy Ib/ac/yr e 2y Ib/aclyr
Unmanaged
Unmanaged Grassland 41,484 grass/shrub 100,835 2.4 11,657 0.28 897,257 21.6
Barren 471 Barren 2,888 6.1 357 0.76 13,359 28.3
Emerg Herbaceous Wet 406 Wetland 1,175 29 169 0.42 11,942 294
Woody Wetland 9,495 Wetland 32,349 34 4,179 0.44 333,757 35.2
Waterfowl Impoundmen 839 Wetland 2,303 2.7 272 0.32 23,668 28.2
Water 4,455 Open Water 20,772 47 1,606 0.36 105,522 23.7
Initial System Mass NA GeneralNPS 20,568 NA 6,350 NA 167,451 NA
Stream Bank Erosion NA StreamBanks 13,306 NA 26,468 NA 126,771 NA
Direct Precipitation NA Direct Precipitatio| 106,924 NA 74 NA 152,307 NA
Direct Dry Deposition NA Direct Dry Deposit 14,221 NA 2,664 NA 10,338 NA
Privy NA Onsit&VW (no DS 3 NA 0 NA 11 NA
Conventional Functionin NA Onsit&VW (no DS 18,346 NA 2 NA 2,271 NA
Conventional NA OnsitdVW (no DSI 3,288 NA 105 NA 33,100 NA
Malfunctioning
Advanced Treatment, NA OnsitdVW (no DS 321 NA 0 NA 117 NA
Functioning
Advanced Treatment, NA OnsiteWW (no DS 104 NA 3 NA 1,122 NA
Malfunctioning
Advanced Treatment, . d
Functioning >3000gpd NA OnsiteWW (no DS 1 NA 0 NA 0 NA
Major WWTPs NA MajoWWTPs 93,864 NA 6,094 NA 201,598 NA
Minor WWTPs NA Minor WWTPs 17,014 NA 295 NA 19,744 NA
Discharging Discharging Sandfi
Sandfilter Syste(BSF) NA Systems 10,984 NA 1,014 NA 8,989 NA
Sanitary Sewer Overfloy  NA Sanitary Sewer 52 NA 7 NA 60 NA
Overflows
Total 492.267 1,730,978 NA 184,586 NA 13,339,653 NA

Loads are presented to the single pound for comparisons across the model report and appendices that prsseatctpey @ata in vario

This reporting is not to infer precision in the modeling results.

AppendixH_SMEReviewSupplementalEvals

H-75



UNRBA Falls Lake Watershed Modeling Report Appendix H

7% from wastewater
treatment plants
(major, minor, SS0s),
32% from DOT, - 110,758
14% from 38,009
Urban, 2% from Onsite
wastewater
19% from LT X ___treatment systems,
Agricultura, 30,208
293,167 o 5% from Wet and
___Dry Deposition to
Lake Surfaces,

_ 72,805
. 1% from Streambank

erosion, 12,553

49% from
Unmanaged lands
(forests, grass,
shrub, wetlands,
open water),
771,933

1% from Initial
system mass, 18,917

6% from wastewater
treatment plants
(major, minor, S50s),
3% from DOT, 110,930
47,713 - 2% from Onsite

15% from Urban, wastewater
263,125 __treatment systems,
' 33,046

7% from Wet and
__Dry Deposition to
Lake Surfaces,

_ 121,145
47% from .
Unmanaged lands 1% from Streambank
(forests, grass, N erosion, 13,306
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Figure H32. Comparison ofAnnual AverageTotal Nitrogen Loads Delivered to Falls Lak®r the 25 Percent
Less Atmospheric Depositior(1.57 million pounds per year,top panel)and the 25 Percent More Atmospheric
Deposition (1.73 million pounds per year,bottom panel)
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Figure H33. Comparison ofAnnual AverageTotal PhosphorusLoads Delivered to Falls Lakdor the
25 Percent Less Atmospheric Depositiorf182 thousand pounds per yeartop panel)and the 25 Percent
More Atmospheric Deposition 184 thousand pounds per yearbottom panel)
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Figure H34. Comparison ofAnnual AverageTotal Organic CarborLoads Delivered to Falls Lakdor the
25 Percent Less Atmospheric Depositiorf13.0 million pounds per year,top panel)and the 25 Percent More

Atmospheric Deposition 3.3 million pounds per year,bottom panel)

H-78

AppendixH_SMEReviewSupplementalEvals



UNRBA Falls Lake Watershed Modeling Report Appendix H

Land Conversion Scenario to All Forest or Wetland

The Scenario Screening Workgroy®SGf the MRSW selectedhis scenarioto place a limit on
what would bepossible in Falls Lake with most humawatershed inputsand impacts
instantaneouslyremoved.Whilethere is no logistical way to reforest the watersheahd remove
humans and their impacts this scenariosimulatest h e @¢ased s t o n fdrithe wabtershed and
the lake under a hypothetical condition given the size of the watersheclrrent soil characteristics,
and current rates of atmospheric depositionThe humaninputs and impactsremoved from this
scenario include point source dischargesutrient application, impervious surfaces, and onsite
wastewater treatment systems.All land uses except for wetlandand subimpoundmentswere
converted to mixed forests for this scenario.

By setting this scenario ashe limit to the range of possiblevatershed modificationconditions
(i.e.,the best thatcould hypotheticallybe achieved) the number of nutrient reduction scenarios that
need to be evaluated for reduction curves is also moderatedin other words,no watershed
management action wouldachieve better thanfull conversion to forest

Wetlandswere simulated as wetlands in this scenariaather than converted to foresgiven the
hydrology of these areasProcesses in place for sutimpoundments were left as well. Fromra

overall loading standpoint, removing the sulmpoundments would actually increase loading to the
lake under thedall forestd scenario. During their work, the SSG discussed that the absence of
human activity, wildlife activityn the watershedwould be different. For example, the prevalence of
beaver impoundments mighbe much higher absent human activitwhichwould create more
wetlands. However, i would be difficult to project future beaver activity absent human activity under
this scenario. Similarly, it would be difficult to project arwildlife behavioral or population changes
under this scenario. Theefore, wildlife behavior and increased presence beaver impoundments
were notconsidered in this scenario.

This scenario predicts what would happen if the changes to land use and human activities were
made instantly to present conditions: it does not represent conditions if humans were never present
in the watershed. Beyond the land useconversion, removabf onsite and centralized wastewater
treatment systems and cessation ofnutrient application other characteristics of the watershed

were not altered for this scenarig nor were the meteorologic and atmospheric degsition inputs.

The hydrologic response characteristics
and initial conditions of the soils in the

watershed are the same as the This scenario predicts what would happen &il
calibrated mode| and thesehad been land in the watershed were suddenly converted to
adjusted during model calibration to a wooded condition onsite and centralized
simulate the flashy nature of some of wastewater treatment systemswvere removed,and

these streams and to calibrate to
tributary streamflow andwater quality
observations In addition, the
parameters that describethe stability of
stream bankswere not changedrom
the calibrated model

nutrient applicationceased Howevert does not
representa projection ofconditions if humans
were never present in the watershed.

As noted, he other water supply impoundmentgi.e., subimpoundments)were also simulated in this
scenarioincluding Lake OrangeWest Fork Eno River Reservolrittle River Reservoir, Lake Michie,

Lake Butner, and Lake Roger€C o mpt onds Pond, Lake Ben Johnson, La
Lake are simulated in the UNRBA WARMF modelria®r reaches The SSG originally indicated this

scenario should be run without these impoundmentsHowever, hese impoundments result in a loss

of nutrients from the sysém, and their simulated removal would cause nutrient loads delivered to
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Falls Lake to increasever the loading from forest conversion with suimpoundments Also, the
nutrient reduction curves that were evaluated with the lake modelsaccount forthese
impoundments Because he UNRBA intends to compare this scenario to th@ad reduction curves
the PFC requested this scenario be evaluated with the impoundments in place.

Thisscenariovas named OHypothet i caltoibcudedhe changesmeoted i on t o |
above. Thisscenariois sometimesa bbr evi ated t o o0AIl | For gablesp f or ea
and presentation materials The Hypothetical Land Conversion to Forestenario was evaluated for

two hydrologic conditionsthe average to wet rainfall condition represented by the UNRBA study

period and the dry to average hydrologic conditid@0 percent lower rainfall). The average to wet

rainfall condition provides a comparison to the UNRRAlibrated model The dry to average rainfall

condition provides a compason to the hydrologic condition used to establish the Falls Lake Rules.

See FiguresH-35 through H37.)

Thisscenarioalso informs the petition for a sitespecific chlorophyHa standard for Falls Lakeand

addressthe feasibility of achievinghe current chlorophylta standard of 40 pg/L. The UNRBA lake

modeling (summarized in a separate report) shows thaventhis hypotheticalscenario cannot

achieve thechlorophylta standard everywhere in Falls Lake This finding provides another reasora

site-specific chlorophylta standardis needed(i.e.,humans cannot be forcibly removed from the

watershed with all land uses converted instantly to forestsYhe primary cause of exceedances of

the standard is the dam and the artificial hydraulic conditions in the reservoir. EPA acknowledges

the following justification for wuse attainability
other types of hydologic modifications preclude the attainment of the use, and it is not feasible to

restore the water body to its original condition or to operate such modification in a way that would

result in the attainment of (fidteuseiatamabilityandyses| e t hi s
and variances, it also can be used as justification for a sigpecific standard particularly for a non

toxic constituent like chlorophyia.

Site-specific modelingfor the Falls Lake watershedeflects conditionsthat are different than most

studied waterbodies that areoften located in more intensely managed watershedsThe sitesspecific
characteristics and uncertainty associated with the previous modelingvidy the Falls Lake Rules

include an adaptive management provision allowing a more detailed evaluation of the lake and

watershed. The role of unmanaged areas in the nutrient balance of Falls Lake is a critical finding

and forms a differert view of howto effectively manage nutrientsin the watershedto protect and

improve water qualityn the lake. This is the result of a careful scientific evaluation, and it

challenges some longheld views of how developed areas and unmanaged areas impact watershed

nutrient loading. One of the prominent researchers in stormwater management, Dr. BilhHat

NCSU, has noted this recently (as noted, he came to a UNRBA PFC meeting and shared his findings

relative to recent research and evaluation). He nadehat depending on hydrologic condition,

wooded areas can export more nutrient load than urban developments. He also showed that when

rainfall amounts increase, nutrient concentrations from pervious areas, including wooded areas,

increase. He described his findings as an i mportant O0Ah
his own perspective.The UNRBA concl usions are consistent wit
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Figure H35. Comparison ofAnnual AverageTotal Nitrogen Loads Delivered to Falls Lakir the Hypothetical
Land Conversion to Forestinder the Dry to Average Rainfall Conditiorf0.8 million pounds per year,top
panel) and the Average to Wet Rainfall Conditior{1.3 million pounds per year,bottom panel)
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87% from Unmanaged lands
(forests, grass, shrub, wetlands, 2% from Wet and Dry

open water), 88,228 — Deposition to Lake Surfaces,
: o 2,188

™~ _ 7% from Streambank
erosion, 6,782

. 4% from Initial
system mass, 3,743

82% from Unmanaged lands
(forests, grass, shrub,
wetlands, open water),
146,142

\ 1% from Wet and Dry
AN Deposition to Lake Surfaces,
- 2,189

14% from

3$|E.f - “._ Streambank erosion,
rom Initia 25,075

system mass, 4,951

Figure H36. Comparison ofAnnual AverageTotal PhosphorusLoads Delivered to Falls Lakdor the
Hypothetical Land Conversion to All Forestor the Dry to Average Rainfall Condition(101 thousand pounds
per year,top panel) and the Average to Wet Rainfall Conditior{178 thousand pounds per yearpottom panel)
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97% from Unmanaged lands
(forests, grass, shrub, wetlands,
open water), 6,811,248

Less than 2% each from DOT, WWTPs, Onsite WWT,
Wet and Dry Deposition to Lake Surfaces,
Streambank erosion, and initial system mass.

97% from Unmanaged lands
(forests, grass, shrub, wetlands,
open water}, 11,330,256

Less than 2% each from DOT, WWTPs, Onsite WWT,
Wet and Dry Deposition to Lake Surfaces,
Streambank erosion, and initial system mass.

Figure H37. Comparison ofAnnual AverageTotal Organic CarborLoads Delivered to Falls Lakdor the
Hypothetical Land Conversion to All Forest for the Dry to Average Rainfall Conditi@million pounds per
year,top panel)and for the Average to Wet Rainfall Conditior{11.7 million pounds per year,bottom panel)

TheHypothetical Land Conversion to Forest scenafias evaluated using the same vertical
hydraulic conductivities as the calibrated model. T$hparameter was adjusted during model
calibration such that catchments draining to a gage were assigned the sarset of vertical hydraulic
conductivities for the five soil layers. The ten USGS gages in the Falls Lake watershed drain
catchments that either in the Carolina Slate Belt or the Triassic Basin. The land use composition of
catchments draining to aparticular gage is also similar. Maps of geologic basin, land use, ab&GS
gage locations are provided in the main reporoThirdpartydreviewers raised the issue of the impact
of conversion of developed land to forest on the hydraulic conductivity. To address this, the
modeling team looked at a subwatershed with a high level of developmeftillerbe Creek
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subwatershed)where the vertical hydraulic conductivities were modified during model calibration to
match observed stream flows

The Ellerbe Creek subwatershed has two USGS gagkmg the tributary. This subwatershed is in

the Triassic Basin and includes aigher percentage of urban lands than other catchments in the
watershed which are relatively rural. During model calibration, the vertical hydraulic conductivities in
the Ellerbe Creek subwatershed were adjusted down relative to other catchments in the Triassic
Basin. However, these catchments also have relatively low vertical hydraulic conductivities because
Triassic Basin sds are predominantly clay an@lreadyhave relatively low infiltration rates. During
review of theHypothetical Land Conversion to Forestenario, one of thed t hp a rdeweders
inquired about adjusting the vertical hydraulic conductivities in the catchments that had been
adjusted during calibrationto evaluate the effects that reduced vertical hydraulic conductivities

would have on delivered loading rates to Falls Lake

A separate sensitivity analysis was conducted that adjusted the Ellerbe Creek vertical hydraulic
conductivities to match those of the other Triassic Basin catchments for thypothetical Land
Conversion to ForesScenario. Ellerbe Creek represents 3 percent of the drainage area to Falls Lake
and includes 25 percent ofthe existing development and 11 percent athe developed open space
present in the Falls Lake watershed. Increasing the vertical hydraulic conductivitieshose of the
more rural catchmens in the Triassic Basimesulted in15.5 percent less total nitrogen, 19.1 percent
less total phosphorus, and 15.7 percent less total organic carbon delivered from Ellerbe Creek to
Falls Lake. The However, Ellerbe Creek only comprises 3 percent of the total area of the Falls Lake
watershed, so the total delivered loaslto Falls Lake only decreased bj.7 percent, 1.6 percent, and
0.7 percent, respectively.This sensitivity analysis was discussed at thepril 2023 PFEC meeting

Comparison ofDelivered Loads to Falls Lake for the
Sensitivity Analyses and Model Scenarios

Thissection compares the simulated delivered loads of total nitrogen, total phosphorus, and total
organic carbon for the UNRBA WARMF calibrated model to the watersiatk sensitivity analyses
and scenarios described in the preceding section. Comparisons dirst presented forthe total
loads delivered to Falls Lake from thentire watershed @pproximately492 thousand acres)
Comparisons are also provided for the total delivered loads from only from theper five tributaries
which are approximatel\816 thousand acres or approximatelyo4 percentof the watershedarea
Only the upper five tributaries were assigned load allocations in the Falls Lake Rusesthesefive-
tributary loading summariesare includedfor comparison to the Falls Lake Rules

The dlowable loads andthe baseline loadsfrom the Falls LakeRules are included for comparison to
the model simulations for the upper five tributaries. The baseline loads in the Falls Lake Rules were
based on conditions present in the watershed in 200@ainfall, stream flows, land use, loading from
WWTPs, atmospheric depositigand nutrient application rates, etc). The baseline lads stated in

the Ruleswere based ongagedflows and tributary water quality data from the five largest tributaries
in the watershedfor 2006. The baseline period for the DWR waterstienodel (2005 to 2007)
occurredduring a historic droughtfor central North Carolina so stream flows and delivered loads are
much lower than the UNRBA study period. 2006 had a total rainfall similar to averagmfall
conditions, but most of that rainfall was delivered in three very large storpandthe preceding year
was very dry (37.5 inches)

Several scenarios and sensitivity analyses are compared in this section. Possible variants among
these analyses are listed in the comparison tables and include the following:
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1 Land usesare representedas 2015 to 2018 average conditions,2006 conditions, or the
hypothetical land conversion to forest conditiof 0 A | | Forest 0)

7 Rainfallis simulated as either average to wet based on thel precipitation inputs for the 2015
to 2018 model, dry to average rainfall where each of the-Br precipitation inputs is multiplied by
0.8, or very wet where each of the-r precipitation inputs is multiplied by 1.2

1 Onsite and centralized wastewater treatment systems and nutrieapplication are based on the
2015 to 2018 average condition, 2006 average coOI
hypothetical land conversion to forest

1 Rates ofatmospheric depositionare based on the CASTNET and NADP data collected near the
watershed and used to develop ®our inputs for 2015 to 2018, the 2015 to 2018 rates
multiplied by 0.75 to represent 25 percent less atmospheric deposition, the 2015 to 2018 rates
multiplied by 1.25 to represent 25 percent more atmospheric deposition, or the 2006 conditions
inherently captured in the baseline tributary monitoring data.

1 Vertical hydraulic conductivitiesn the Ellerbe Creek watershed were increased for the
hypothetical land conversion to forestcenario. These conductivities had been reduced during
model calibration to better reflect the flashiness of th&llerbe Creekwatershed. Vertical
hydraulic conductivities were increased to match other catchments in the Triassic Basin

Table H22 and Table H23 compare the delivered totaflow and totalnutrient loads to Falls Lake for

total nitrogen andtotal phosphorus, respectivelyfor the entire watershed The first row of each

table represents the | oading from the OUNRBA Stud
model for 2015 to 2018. These calibrated | oads a
these are the loads that all other anakes are compared to. For both total nitrogen and total

phosphorus, the largessimulated reduction in delivered loading results under a dry to average

rainfall conditionwhen deliveredflows are lowest When all other watershed characteristics stay the

same, the total nitrogen delivered load decreases by 35 percent and the total phosphorus delivered

load decreases by 42 percentvhen precipitation is 20 percent lowe(the short name for this

scenari o i n pdrcentlteasbsl ersaEvensiindgr2l O¢pothetical scenario whemnsite

and centralized wastewater treatment sstems and nutrient applicationare removed and all land is

instantly converted to forests, if the hydrologic condition is simulated with average to wet rainfall, the

total nitrogen delivered load only decreases by 2%ercent and the total phosphorus delivered load

only decreases by 3 percenft he short name for this scenario in
r a i n.flfahle hypothetical land useho wastewater or nutrient applicatiorinputs are simulated

under a dry to average rainfall condition, then the total nitrogen delivered load decreasss?2

percent and the total phosphorus delivered load decreases B% percent(the short name for this

scenari o i n the tpartehtless s sr d@vehif ratds bf@tmaspheric 2 0

deposition are adjusted across the watershed by plus or minus 2&rcent, the total nitrogen

delivered load only changes by up to 5 percent and the total phosphorus load only changes by up to

1 percent (the short names for these scenarios in
the tables are 25percentless atm. dep and

25 percentmore atm. dep) These scenarios .
further support that hydrologic condition and The Falls Lake watersheds currently
rainfall are the primary drivers of loading to Falls 75 percent unmanaged Thiscondition
Lake. Land use conversion or treatment of existing IS the reasonthe lake continues to

land under management will have a limited impact Mmeet its designated uses. The UNRBA
on overall lake nutrient loading. Is focused on developing a nutrient

The results of thedAll Forest scenario do not management strategy that conserves
significantly affect delivered loading to Falls Lake ~ &nd protects these natural areas.
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when evaluated using the same rainfall as the calibrated model. This is largely because the
calibrated model reflects a land use condition that is already 75 percent unmanagédrests,
wetlands, and unmanaged grassland/srubland). Changing theremaining 25 percent of watershed
areathat is under managementoes not have a huge effect on delivered loads when rainfall
amounts are relatively high.Many of these managed lands aréow intensity development or
pastureland that is typically under fertilized ithis basin according to representatives of agriculture
and the data they track. The GAll Foresbscenario also converts unmanagd lands in agrassland or
scrubland condition to forest. Forest soils become saturated during wet periods and surface runoff
or lateral flow through the soils to the streams is increased. The contribution of flow and nutrients
from natural areas is an important component of a diverse, health ecosystem. Loadiram

forested areas should not be expected to be zero, especialtygeriods of wet weather. The All
Forest scenario has a greater impact on delivered nutrient loads to Falls Lad@npared to the
current watershed conditionwhendry to averagerainfall is simulated because the soils do not
become saturated as frequently. It is important to consider the hydrologic condition when evaluating
delivered loads to Falls Lake and setting expectations associated with management strategies.

The best condition for a watershed is its natural stateAs noted, he Falls Lake watershed is
currently 75 percent unmanaged. This condition @ne important reason the lake continues to meet
its designated uses.As a result, he UNRBA is focused on developing a nutrient management
strategy that conserves and protects these natural areas

TableH22. Average Annual Total Nitrogen (TN) Delivered Loads from the Entire Watershed

(nsiteand Centralized Atrospheric  Delivered TN Ib/yr
Short Name Land ust Rainfall |Wastewater Treatment Sy phe (change relati\
. ...’ Deposition Flow (MGly
and Nutrient Applicatior to recent load
. 1,650,800
UNRBA Study Period | 201518 Averag® wet 201518 201518 209,698
(recent load)
. 1,078,331
0 1 )
20% less rainfall 201518 Dry t@average 201518 201518 120,977 (35% lower)
. 2,252,084
20%morerainfall 201518 Very wet 201518 201518 312,259 .
(36% higher)
1,574,429
0, _ 0, ! !
25% less atm. Dep 201518 Averag® wet 201518 25% 209,698 (5% lower)
1,730,978
0 0 1 )
25% more atm. Dep | 201518 | Averag® wet 201518 +25% 209,698 (5% higher)
All Forest, study periol 1,302,468
rainfall Forest Averag® wet None 201518 200,418 (21% lower)
All Forest, ncr e a 1,293,984
in Ellerbe Creek water Forest Averag® wet None 201518 198,668 (2% lower)
0 794,303
AI! Forest, 20% less Forest Dry t@average None 201518 90,299
rainfall (52% lower)

Loads are presented to the single pound for comparisons across the model report and appendices ihavamessrdial/sesa
This reporting is not to infer precision in the modeling results.

The All Forest scenario remesis and centralized wastewater treatment systems, ceases nutrieahajgpbtaniaimeous/y
converts all lands except wetlands to forests. This scenario does not alter soillgleoiiyiy properties relative to the calibrated
watershed model.
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Tabld423. Average Annual Total Phosphorus (TP) Delivered Loads from the Entire Watershed

(nsiteand Centralized Atnospheric  Delivered TPIb/yr
Short Name Land use, Rainfall | Wastewater Treatment Sy Phe (change relati\
. S Deposition | Flow (MG/y
and Nutrient Application to recent load
UNRBA Study Period| 201518 | Averag® wet 201518 201518 | 209,698 183351
’ (recent load)
. 106,894
20%less rainfall 201518 | Dry t@verage 201518 201518 120,977 (42% lower)
. 294,278
20%moreainfall 201518 Very wet 201518 201518 312,259 .
(60% higher)
182,259
25% less atm. dep 201518 | Averag® wel 201518 -25% 209,698 (1% lower)
184,586
25%more atm. dep 201518 | Averag® wel 201518 +25% 209,698 (1% higher)
All Forest, study perio 178,357
rainfall Forest |Averag® wel None 201518 200,418 (3% lower)
All Forest, ncr e a 175,416
in Ellerbe Creek water Forest |Averag® wel None 201518 198,668 (4% lower)
. 100,942
All Forest, 20%less | oot | Dry taverage None 201518 90,299 100,731

rainfall

(45% lower)

Loads are presented to the single pound for comparisons across the model report anpregpenitieetathavarious analyses
This reporting is not to infer precision in the modeling results.

The All Forest scenario remosigs and centralized wastewater treatment systems, ceases nutrieatiajgpbtamiameously

converts all lands except wetlands to forests. This scenario does not alter soillglaiagriy properties relative to the calibrated

watershed model.

Table H24 and Table H25 compare the delivered total nitrogen and total phosphorus loads to Falls
Lake, respectively, from only the upper five tributaries (Eno, Little, Flat Rivers and Ellerbe and Knap
of Reeds Creeks). The baseline loads and allowable Stage Il loads prescribethe Falls Lake Rules
(based on year 2006) are also provided for comparison in this tabl&or both total nitrogen and

total phosphorus, the delivered load to Falls Lake under an average to wet rainfall condition with
current waershed characteristics ¢hort name iso UNRB A
loads prescribed in the Rules based on 2006Therefore, even though rainfall and streamflows
increasedin the UNRBA study period (2014 to 2018delivered nutrient loads did not.
Improvementsin the watershedsince 2006 includingupgrades at wastewater treatment plantsa
44 percent decline in the acreage of agriculture, an2l0 percent less atmospheric deposition of
nitrogenresulted in delivered loads that did not increase despite heavier rainfall

study

periodo6) i

The relative percent reductions across the scenarios and sensitivity analyses are similar to those
shown in Table K22 and Table H23 in terms of the impacts of rainfall conditionchanges to rates of
atmospheric deposition, and simulation of hypothetical watershed conditians
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TableH24s hows that current watpperskead ¢ eswdettég@domd awil tOh
achieve the Stage Il total nitrogen allocations prescribed by the Falls Lake Rules. In other words,

when the improvements in the watershedeen between 2006 andrecent conditionsare considered

under a hydrologic condition comparable to the baseline periaaf the Rules,the loading to the lake

would be at or near theStage |l total nitrogen
allocations However, Table 25 shows there is no
feasible way to meet the Stage Il total phosphorus When the improvements in the
allocations even if dry to average rainfall is simulated. |y 5tershed are considered and a
The Stage Il allowable total phosphorus load of hydrologic condition comparable to
35,000 pounds per year divided by the drainage area the baseline period is evaluatedit
of the upper five tributaries results in an areal loading is projected that loading to the lake
rate of 0.11 Ib-P/ac/yr. None ofthe forested from the upper tributaries would
headwater catchments monitored by the US Forest meet or come close tahe Stage ||
Service met a loading rate of 0.11 WP/ac/yr each year : :

of the 6-yr monitoring study (Figure F28). Therefore, total nitrogen all_ocatlons _

the Stage IIRulesfor phosphorusare not feasibleeven However, there is no feasible way
under the hypothetical scenario ofemovingonsite and (0 Meet the Stage Il total
centralized wastewater treatment systems;easing phosphorus allocation (35,000
nutrient application, and instantaneously conveirigall ~ Pounds per year).

lands except wetlands to forests.

TableH24. Total Nitrogen (TN) Delivered Load3rftpthe Upper Five Tributaries

(nsiteand Centralized Atrospheric TN Ib/yr
Short Name Land use Rainfall Wastewater Treatment Sy phe (change relative
. o Deposition
and Nutrient Application recent load)
UNRBA Study Period 201518 = Averag® wet 201518 201518 1,032709
(recent load)
. 646,000
20% less rainfall 201518 Dry t@verage 201518 201518 (37% lower)
1,450,659
20%morerainfall 201518 Very wet 201518 201518 .
(4041% higher)
996,496
0, - 0, 1
25% less atm. dep 201518 Averagm® wet 201518 25% (3.5% lower)
1,070,801
25%more atm. dep 201518 Averagm wet 201518 +25% (3.7% higher)
All Forest, study perio 777,083
rainfall Forest Averag® wet None 201518 (25% lower)
. 426,985
Q:nﬁg{leﬁ’ 20% less Forest Dry t@average None 201518 426100
(59%lower)
Baseline Loa(2006) 2006 2006 2006 2006 1,096,700
Stage Il Allowable Lo 2006 Not stated 2006 2006 658,000

Loads are presented to the single pound for comparisons across the model report and appendices lihavamessrdriald.sasa
This reporting is not to infer precision in the modeling results.

The All Forest scenario remesis and centralized wastewaler treatment systems, ceases nutrieahagpbtaniameously
converts all lands except wetlands to forests. This scenario does not alter soillglaiagry properties relative to the calibrated
watershed model.
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TableH25. Total Phosphorus (TP) Delivered Loa@slydire Upper Five Tributaries

Onsiteand Centralized
. TPIb/yr
. Wastewater Treatmer| Atnospheric .
Short Name Land use  Rainfall . " (change relative
Systemand Nutrient | Deposition
o recent load)
Application
UNRBA Study Period 201518 | Averag wet 201518 201518 109058
(recent load)
20% less rainfall 201518 Dry t@average 201518 201518 59,000
(46% lower)
190,049
20%moreainfall 201518 Very wet 201518 201518 .
(74% higher)
108,793
25% less atm. dep 201518 | Averagm wet 201518 -25% (02% lower)
109254
0, 0,
25%more atm. dep 201518 | Averagm wet 201518 +25% (02%higter)
. . 102,044
All Forest, study period rai  Forest | Averag® wet None 201518 (6% lower)
All Forest, 20% less rainfal ~ Forest Dry t@average None 201518 52,085000
R Y g (52% lower)
Baseline Loads 2006 2006 2006 2006 106,000
Stage Il Allowable Loads 2006 Not stated 2006 2006 35,000

Loads are presented to the single pound for comparisons across the model report and appendices fihavamiessrdial sesa
This reporting is not to infer precision in the modeling results.

The All Forest scenario remesis and centralized wastewaler treatment systems, ceases nutrieahajgpbtaniaimeous/y
converts all lands except wetlands to forests. This scenario does not alter soillgltoiagriy properties relative to the calibrated
watershed model.

Figure H38 and Figure H39 compare the total nitrogen and total phosphorus loads delivered to

Falls Lake for the modeling scenarios and sensitivity analyses from either the entire watershed or the
upper five tributaries. Assessment of the impact of the improved loading changes are assessed in
the lake modeling component of the UNRBA reexaminatiand summarized in the UNRBA Lake
Modeling Report
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Total Nitrogen Delivered to Falls Lake from Entire Watershed
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Figure H38 Comparison of Delivered Total Nitrogen Loads (top) and Delivered Total Phosphorus Loads
(bottom) from the Entire Watershed

The®All Foresbscenario removesonsite and centralized wastewater treatment systems, ceases nutrient applicaticemd instantaneously
converts all lands, except wetlands, to forests. This scenario does not alter soil chemistrgait hydrologic properties relative to the

calibrated watershed model.
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Total Nitrogen Delivered to Falls Lake from Upper Five Tributaries
1,600,000
1,400,000
1,200,000

1,000,000

Stage Il

800,000 -
Allocation

600,000

Pounds per Year

400,000
200,000

0
UNRBA Study 25% less atm.  25% more 20% less 20% more All Forest, All Forest,
Period dep atm. dep rainfall rainfall study period  20% less
rainfall rainfall

Figure H39 Comparison of Delivered Total Nitrogen Loads (top) and Delivered Total Phosphorus Loads
(bottom) from the Upper Five Tributaries Compared to th8tage Il Allowable Loads

The O0AIl |l For e s tobsitesandeenmalizedowastee/aten tveatraent systems, ceases nutrient applicaticend instantaneously
converts all lands, except wetlands, to forests. This scenario does not alter soil chemistry or soil hydrologic properiasive to the
calibrated watershed model.
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