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ADVANCE \d1[image: image3.emf]Modeled and Gaged Flow Data: Haw River @ Bynum
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Background and Objectives

Jordan Lake is located in the Piedmont region of North Carolina, and provides important water supply, recreation, flood control, downstream flow augmentation, and aquatic and wildlife habitat benefits for a large region.  The lake is considered to be one of the most eutrophic lakes in the State of North Carolina, as evidenced by elevated levels of nutrients and chlorophyll a.  Additionally, projected growth and development within the lake’s 1,690 square mile watershed could result in increased eutrophication and associated water quality degradation within the lake.

In May of 2000, seven local governments within the Jordan Lake Watershed, acting through Triangle J Council of Governments (TJCOG), contracted for the development of a nutrient response model for Jordan Lake.  This model is intended to provide much of the technical basis for establishing nutrient discharge limits applicable to point source wastewater treatment facilities within the watershed.  The “Project Partners” funding this modeling project are:  Burlington; Graham; Greensboro; Mebane; Orange Water and Sewer Authority; Pittsboro; and Reidsville.

In order to assess each point source facility’s relative contribution to the total nutrient load to the lake, and therefore the water quality response, the Project Partners also contracted for the development of a complementary nutrient loading and delivery model to assess point source nutrient loads transported by the major tributaries within the lake’s watershed.  This report presents the methodology and results for modeling the delivery of nitrogen and phosphorus from major wastewater treatment plants in the Jordan Lake watershed to the lake.  It is intended to directly address the current point source nutrient management questions of concern to the Project Partners and watershed stakeholders.   A basic premise that guided the work is that the primary potential impacts and influences associated with the discharge of nitrogen and phosphorus occur in the deeper, more lacustrine lake waters.  It is at the lake interface where nutrients in waters begin to “exert” their largest influence.  At this point, the physical conditions exist in which more problematic manifestations of eutrophication are more likely to occur.  

With this in mind regarding nutrient contributions to the watershed, specific questions that motivated the work covered in this report include:

· What has the end-of-pipe total nitrogen and total phosphorus loading been for each of the facilities evaluated in this study in recent years?

·  In considering each discharger's end-of-pipe nutrient load, what is the estimated portion/percentage of the load that has actually reached the lake?

Methodology

A predictive modeling approach was developed to estimate point source nutrient loading and delivery.  This approach was driven by consideration of the specifications for the Jordan Lake Nutrient Response Model.  Key steps in developing the model included: setting up the stream network and routing system; predicting daily stream flow and channel hydraulics for each stream reach; creating input files of historical and projected wastewater treatment plant (WWTP) effluent characteristics; and modeling the instream attenuation of nitrogen and phosphorus.    Each of these model components is summarized in Table 1 and discussed below.  

Table 1: Primary Model Specifications

	Model Component
	Approach

	Spatial domain
	1‑dimensional advective stream model

Downstream boundary at stream/lake interface 

	Temporal domain
	Daily time step

Steady state for each day

	State variables
	Stream flow

Total phosphorus (TP) and total nitrogen (TN) upstream of lake

	Stream flow
	Calculated daily for each reach based on analysis completed as part of the Cape Fear River Basin Model, gaged data, and drainage area calculated for each stream reach 

	Hydraulics
	Assume stable channel, channelized flow  

Include stream width, depth, sinuosity, slope, velocity, time-of-travel

	Instream kinetics
	First order decay, variable by stream flow, based on analyses by USGS

	Sources
	Daily waste flow, total nitrogen, total phosphorus based on discharger monitoring data for Project Partners and several other facilities 

	Computational element
	Stream reach as defined by USEPA Reach File Version 3


The delivery model development process involved deriving daily wastewater and instream flow and nutrient concentration and  time-of-travel estimates based on effluent data, runoff records, and estimates of travel distances and stream channel characteristics.  The principal technical challenge was to create an integrated data management and modeling application that: managed the large and previously unrelated data; defined mathematical relationships describing the delivery of nutrients; and managed model output.  The general logic and model results are summarized in the main body of this report, with supporting information included in attachments.  It was beyond the scope of this study to attempt to model point sources besides those specifically mentioned herein, or to model nonpoint sources.  Methods and results for integrating the point source delivery model output into the lake model are described in the main body of this report.  

Stream Network

A database of the watershed stream network was developed to form the structural backbone of the Jordan Lake Nutrient Delivery Model (JLNDM).  The stream network database required spatial referencing to associate tributaries and reaches with other locational data such as outfall and instream monitoring sites, and to estimate travel distances and times.  It also required routing capabilities, or “navigational intelligence” to determine the direction of flow at stream junctions. Based on these functional requirements and recent studies, the United States Environmental Protection Agency’s (USEPA) Reach File 3 (RF3) was chosen as the principal data source for the stream network. 

RF3 is a hydrologic database of the surface waters of the continental United States.  The RF3 network is based on national 1:100,000 scale digital line graph hydrographic data.  RF3 has been designed expressly to establish hydrologic ordering, to perform hydrologic navigation for modeling applications, and to provide a unique identifier for each surface water feature.   Recent projects sponsored by the USEPA and the United States Geological Survey (USGS) have resulted in improved ability of the RF3 stream network data to support modeling efforts. (Bondelid et al., 1999a, 1999b).  (The National Hydrography Database (NHD), released by USGS and USEPA in 2001, was built with RF3 architecture.  Therefore, employing RF3 as the modeling stream network facilitates integration with NHD if warranted for future studies.)   The RF3 network used for the JLNDM  includes 3153 reaches accounting for 2687stream miles (Figure 1).  All of the hydrologic, hydraulic, and water quality calculations completed for this study were done for each of these reaches.  Model results were reported at the stream/lake interface of the Haw River, Robeson Creek, Northeast Creek, New Hope Creek, Morgan Creek, Bush Creek, and Cub Creek, and at selected reaches in the Haw River watershed.

Stream Flow

The procedure chosen to model stream flow relied on: analyses of stream gaging data; calculation of reach specific drainage areas; and code written to model flow using the RF3 database.  Daily unit runoff (flow per unit area) values were obtained from the Cape Fear River Basin Model  (CFRBM) (DHI and Moffett and Nichols, 2000), for each of 5 subbasins in the watershed for 1996-1998 (Figure 2), as defined by the CFRBM.  Unit runoff estimates were used in combination with drainage area estimates to calculate stream flow for each reach.  (Only naturalized flow was included in this analysis: withdrawals and diversions were not specifically modeled.)   

[image: image33.emf]Figure 8: Estimated Delivery of Total Nitrogen
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Drainage area estimates were derived for each reach in RF3 using a grid overlay and proximity analysis based on the USGS national land cover characteristics database (Eidenshink, 1992).   The land cover grid was overlain on RF3 to associate each cell (1 km2) with the nearest RF3 reach.  The number of cells assigned to each reach therefore approximated the direct drainage area for the reach. The cumulative drainage area for each reach was calculated by hydrologically routing all reaches and summing the reach-specific drainage areas. This approach has been validated based on comparison to drainage area estimates for USGS gaging stations (Bondelid et al., 1999(b)).

Stream Hydraulics

Time-of-travel estimates were a key requirement for estimating nutrient loss or attenuation during delivery to the lake via the stream network.  Empirically based techniques were used to estimate time-of-travel for the JLNDM based on standard engineering methods for stable stream channels. These methods involved estimating stream depth, width, roughness, and sinuosity for each reach.  In combination with flow and reach length data, these hydraulic parameters were then used to 
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calculate velocity and time-of-travel.  (Additional information about hydraulic calculations is available in Bondelid et al, 1999a and 1999b.)

tc \l1 "The relationship between stream flow and channel width used was (Keup, 1985)

(1)
W = 5.27 * Q 0.459
W
=
channel width (ft) and

Q
=
discharge (stream flow in cubic feet per second [cfs]).

Channel depths were calculated based on the classic Manning’s N formulation for channel resistance analysis.  Assuming a rectangular channel cross-section, the following formula was used to calculate stream depth:

(2)
y0 = 0.79 (Q*n/(W* (S0)0.5 )0.6
y0
=
channel depth (ft),

Q
=
discharge (stream flow in cfs),

n
=
Manning’s N roughness coefficient,

W
=
channel width (ft) calculated above, and

S0
=
channel slope (ft/ft) 

Sinuosity estimates were calculated as


S = SEGL/DIST

S
=
sinuosity measure, unitless

SEGL
=
segment length of the reach (mi), and

DIST
=
straight-line distance between upstream and downstream nodes of the reach (mi).

Manning’s N was calculated, based on sinuosity, as

(3)
Manning’s N = 0.0016 + 0.0234 * S,

with a lower limit of Manning’s N = 0.025 and an upper limit of Manning’s N = 0.040  (Henderson, 1966).

Stream velocity for each reach, therefore, was calculated as

(4)
V = Q/(W*y0)

V
=
velocity (ft/sec),

Q
=
discharge (streamflow in cubic feet per second, cu ft/sec),

y0
=
channel depth (ft) calculated above, and

W
=
channel width (ft) calculated above.

Time-of-travel along a stream reach, corrected to units of days, was calculated as

(5)
Tt = SL/(V*86,400)

Tt
=
time-of-travel along stream reach (days),

V
=
velocity (ft/sec) calculated above, and

SL
=
stream length or segment length of reach (ft).

Wastewater Effluent Characterization

Effluent data for daily flow and nitrogen and phosphorus were obtained from each of the wastewater treatment plants identified by TJCOG and Tetra Tech for inclusion in the model, with assistance from TJCOG (Table 2 and Figure 1).  These facilities include those operated by Project Partner members.  (Additionally, several minor facilities located in proximity to sensitive lake areas were modeled, and results provided as input into the lake model. However, results for these facilities are not presented in this report.) The facilities account for 83% of the permitted wastewater capacity in the watershed, and over 98% of the permitted domestic wastewater capacity.  A daily time step for loading calculations was specified based on requirements for the Jordan Lake Nutrient Response Model.  Effluent monitoring occurred at variable frequencies for flow, nitrogen and phosphorus for the facilities modeled.  Typically, effluent nutrient concentrations were sampled on either a weekly or monthly basis.  Therefore, to estimate daily nutrient loads for each facility, it was necessary to “fill in” or “populate” concentration estimates for each of the days in which sample results were not available.  Waste flow and concentration sampling data were considered and adjusted using the following assumptions:

1) For months in which daily values were reported for each day, the data were used without additional analysis or modification.

2) For months in which one monitoring value was reported for a wastewater characteristic (flow, nitrogen, or phosphorus), that single monthly value was applied for that characteristic for all days in the month.

3) For months in which more than one value was reported for a wastewater characteristic, the actual reported values were used for the days on which they were reported and a monthly average was applied for that characteristic for all unmonitored days in the month.

4) For months in which no value was reported, an average was calculated and applied based on the values for the previous and following months, and applied to all days in the month.

Fields were included in the wastewater characterization model input table to track the method used for each record and wastewater characteristic.  A summary of effluent loading by facility by year from 1996 to 2000 is presented in Figures 3 and 4, and a summary of the total effluent loading from all Project Partner facilities by year is presented in Figures 5 and 6.
   

Instream Nutrient Loss

Experience from many water quality studies has demonstrated that a first-order decay process can  be appropriate for simplified modeling of the physical, chemical and biological processes affecting many constituents in water.  This kinetic definition infers that the rate of loss of a constituent from the water column is a function of the initial concentration and time.  The primary challenge with this 

[image: image4.emf]Modeled and Gaged Flow Data: Haw at Haw River
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[image: image5.emf]Predicted and Observed Total Nitrogen: South Buffalo Creek

(Observed data are instream, and capture all sources. Predicted data only captures discharge from modeled facilities)
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[image: image6.emf]Predicted and Observed Total Phosphorus: South Buffalo Creek 

(Observed data are instream, and capture all sources. Predicted data only captures discharge from modeled facilities)
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[image: image7.emf]Predicted and Observed Total Nitrogen: North Buffalo Creek

 

(Observed data are instream, and capture all sources. Predicted data only captures discharge from modeled facilities)
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Table 2:  Wastewater Treatment Plants Included in Delivery Model

	PERMITNO
	FACILITY
	RECEIVING STREAM
	MILES FROM  LAKE*



	NC0056413
	CAROLINA MEADOWS
	MORGAN CREEK
	0.6

	NC0043257
	NATURE TRAILS MHP
	CUB CREEK
	2.1

	NC0043559
	FEARRINGTON VILLAGE
	BUSH CREEK
	3.4

	NC0025241
	OWASA 
	MORGAN CREEK
	4.5

	NC0047597
	DURHAM SOUTH WRF
	NEW HOPE CREEK
	5.1

	NC0020354
	PITTSBORO  
	ROBERSON CREEK
	5.5

	NC0026051
	DURHAM COUNTY TRIANGLE
	NORTHEAST CREEK
	6.9

	NC0051314
	COLE PARK PLAZA
	CUB CREEK
	7.6

	NC0023876
	BURLINGTON SOUTH 
	BIG ALAMANCE CREEK
	29.9

	NC0021211
	GRAHAM 
	HAW RIVER
	32.2

	NC0023868
	BURLINGTON EAST 
	HAW RIVER
	36.6

	NC0021474
	MEBANE 
	MOADAMS CREEK
	44.5

	NC0024881
	REIDSVILLE
	LITTLE TROUBLESOME CREEK
	66.7

	NC0047384
	GREENSBORO T. Z. OSBORNE 
	SOUTH BUFFALO CREEK
	67.6

	NC0024325
	GREENSBORO N BUFFALO CREEK
	NORTH BUFFALO CREEK
	72.4


*  Distances are based on Reach File Version 3 data, and are the sum of all reach distances from outfall location to the conservation pool, as indicated in polygon hydrography data.  The shortest stream reach distances were used where braiding or hydromodification occurs.  The distances do not precisely match distances from outfalls to model output reaches for Northeast, New Hope, and Morgan Creeks and the Haw River, which were based on the location of stream monitoring sites slightly upstream of the conservation pool.

approach is selecting an appropriate rate of loss from the water column (“decay rate”).   It was beyond the scope of this study to collect field data and calibrate watershed specific decay rates for nitrogen and phosphorus.    Therefore, for this study, empirically based rates based on a peer reviewed national study (Smith et al., 1997) were employed to estimate instream nutrient loss. The general equation for this approach is:

(6)
Ct  =
C0 * e(-Kt)
 

where



C0
=  concentration (mg/L) at time zero


Ct
=  concentration (mg/L) at time t.


K
=  decay rate (1/t)

For total nitrogen, Smith et al. found that:


Kn = 0.3842 for stream flow < 1,000 cfs, and

Kn = 0.1227 for discharges > 1,000 cfs and <10,000 cfs

Kn = 0.0408 for discharges > 10,000 cfs

For total phosphorus, Smith et al. found that:


Kp = 0.268 for stream flow < 1,000 cfs, and

Kp = 0.0956 for discharges > 1,000 cfs and <10,000 cfs

Kp = 0.0 for discharges > 10,000 cfs

Therefore, a lower rate of loss was observed in a large cross section of streams and rivers at higher flow rates for both nitrogen and phosphorus.  This observation is consistent with theoretical concepts that relate instream nutrient biological and chemical kinetics and processes to the relative amount of interaction between the water column and the streambed.  In lower flow systems, this interaction is relatively high as compared to higher flow systems, as a higher proportion of the bed is in contact with the water column.  Hence, a higher rate of  “loss” or attenuation can be expected in lower order streams and during lower flow periods.  The national emphasis of the USGS study resulted in rates being estimated for relatively higher flow regimes than of interest for a more local Jordan Lake application.  Upon review of initial model results, a regression was developed, with the primary purpose being to provide additional differentiation at flows below 1000 cfs.  The resulting equations, for nitrogen and phosphorus respectively, were:

(7)
        Kn = -0.082 *  LN(stream flow) + 0.843

              Kp = -0.058 *  LN(stream flow) + 0.607 

Model Application

The model was applied for 1996-1998, the three years in which both effluent data and data from the CFRBM were available.  Model output at monitoring sites were reviewed to provide a qualitative sense of model performance (Attachment A).  This included comparing model output to both instream concentration data and loading estimates.  The instream loading estimates were generated by a regression model developed by Tetra Tech.  A more rigorous, quantitative model calibration was not pursued because of the model’s exclusion of nonpoint source inputs.  Model runs were then completed to calculate daily tributary loadings for input to the Jordan Lake Nutrient Response Model, and the output data provided to Tetra Tech as spreadsheet files.  Model output (as percent delivery for each Project Partner facility) was also summarized by month for studying wastewater management scenarios (Figures 7 and 8  and Attachment B).   Percent delivery was calculated for each facility discharging to tributaries with more than one facility by running the model both with and without the facility’s inclusion as a source.  

The model runs indicate that, for all facilities and the entire period, 63% of both the nitrogen and the phosphorus discharged in the watershed are predicted to reach the lake.  Nitrogen delivery from the three Project Partner facilities located closest to the lake along the New Hope arm all exhibited predicted delivery rates (from the outfalls to monitoring sites) above 90% for all months.  Monthly delivery rates from outfalls to the lake boundary for the other facilities (in the Haw River watershed) ranged from about 20% to 80%, with lower delivery rates generally observed during  summer/lower flow periods.

[image: image8.emf]Modeled and Gaged Flow Data: Morgan Creek
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[image: image9.emf]Predicted and Observed Total Phosphorus: North Buffalo Creek 

(Observed data are instream, and capture all sources. Predicted data only captures discharge from modeled facilities)
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Attachment A

Selected Graphics Comparing Flow, Nitrogen, and Phosphorus Delivery Model Predictions, Instream  Monitoring Data, and FLUX Model Output
Reference Table for Selected Stream Locations in Point Source Delivery Model 

Associated With Graphics in Attachment A and Model Output Reaches

	Stream Name
	Monitoring ID
	RF3 Reach ID
	Upstream WWTPs

	N. Buffalo Creek
	02095500
	3030002 38 2.51
	Greensboro North

	S. Buffalo Creek
	0209505100
	3030002 39 0.22
	Greensboro South

	Reedy Fork 
	B084000
	3030002 28 0.00
	Greensboro 

	Haw River at Haw River
	02096500
	3030002 18 2.70
	Greensboro, Reidsville

	Haw River at Saxapahaw
	HW01
	3030002 11 0.67
	Reidsville, Greensboro, Burlington, Graham, Mebane

	Haw River at Bynum
	B214000
	3030002 9 8.01
	Reidsville, Greensboro, Burlington, Graham, Mebane

	Robeson Creek 
	
	3030002 85 0.00
	Pittsboro

	Northeast Creek 
	0209741955
	3030002   6 5.76
	Durham County

	New Hope Creek 
	020907314
	3030002 7 4.36
	Durham WRF

	Morgan Creek 
	NH6
	3030002 8 2.55
	OWASA, Carolina Meadows

	Cub Creek 
	
	0300002 64 0.22
	Cole Park Plaza, Nature Village MHP

	Bush Creek 
	
	0300002 1402 0.07
	Fearrington Village


[image: image10.emf]Modeled and Gaged Flow Data:  New Hope Creek
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[image: image11.emf]Predicted and Observed Total Nitrogen: Reedy Fork at Mouth

 (Observed data are instream, and capture all sources. Predicted data only captures discharge from modeled facilities)
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[image: image12.emf]Modeled and Gaged Flow Data: Northeast Creek 
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[image: image13.emf]Predicted and Observed Phosphorus: Reedy Fork at Mouth

(

Observed data are instream, and capture all sources. Predicted data only captures discharge from modeled facilities)
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[image: image14.emf]Predicted and Observed Total Nitrogen: Haw River at Haw River

 (Observed data are instream, and capture all sources. Predicted data only captures discharge from modeled facilities)
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[image: image15.emf]Predicted and Observed Total Phosphorus: Haw at Haw River

 (Observed data are instream, and capture all sources. Predicted data only capture discharge from modeled facilities)
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[image: image16.emf]Predicted and Observed Total Nitrogen: Haw River at Saxapahaw

 (Observed data are instream, and capture all sources. Predicted data only capture discharge from modeled facilities)
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[image: image17.emf]Predicted and Observed Phosphorus: Haw River at Saxapahaw

 (Observed data are instream, and capture all sources. Predicted data only capture discharge from modeled facilities)
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[image: image18.emf]Predicted and Observed Total Nitrogen: Haw River at Bynum

 (Observed data are instream, and capture all sources. Predicted data only capture discharge from modeled facilities
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[image: image19.emf]Predicted and Observed Total Phosphorus: Haw River at Bynum

 (Observed data are instream, and captures all sources. Predicted data only captures disharge from modeled facilities
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[image: image20.emf]Morgan Creek Delivery Model And Flux Model Output for Total Nitrogen

 (FLUX results are based on instream data, and capture all sources. Delivery Model  results only capture discharge from 

modeled facilities)
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[image: image21.emf]Morgan Creek Delivery Model and Flux Model Output for Total Phosphorus

 (FLUX results are based on instream data, and capture all sources. Delivery Model  results only captures discharge from 

modeled facilities)
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[image: image22.emf]Northeast Creek Delivery Model and Flux Model Output for Total Nitrogen

 

(FLUX results are based on instream data, and capture all sources. Delivery Model  results only captures discharge from 

modeled facilities)
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[image: image23.emf]Northeast Creek Delivery Model and Flux Model Output for Total Phosphorus

 (FLUX results are based on instream data, and capture all sources. Delivery Model  results only captures discharge from 

modeled facilities)
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[image: image24.emf]New Hope Creek Delivery Model and Flux Model Output for Total Phosphorus

 (FLUX results are based on instream data, and capture all sources. Delivery Model  results only capture discharge from 

modeled facilities)
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[image: image25.emf]New Hope Creek Delivery Model and Flux Model Output for Total Nitrogen

 (FLUX results are based on instream data, and capture all sources. Delivery Model  results only capture discharge from 

modeled facilities)
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[image: image26.emf]Haw River Delivery Model and Flux Model Output for Total Nitrogen 

 (FLUX results are based on instream data, and capture all sources. Delivery Model  results only capture discharge from 

modeled facilities)
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[image: image27.emf]Haw RiverDelivery Model and Flux Model Output for Total Phosphorus 

 (FLUX results are based on instream data, and capture all sources. Delivery Model  results only capture discharge from 

modeled facilities)
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[image: image28.emf]Figure 6: TP Loading from All Project Partner Facilities
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[image: image29.emf]Figure 5: TN Loading from All Project Partner Facilities
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[image: image30.emf]Figure 4: Total Phosphorus Loading By Facility
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[image: image31.emf]Figure 3:  Total Nitrogen Loading By Facility
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[image: image32.emf]Figure 7: Estimated Percent Delivery of Total Nitrogen
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Attachment B

Delivery Ratios By Facility 

Percent Delivery From Project Partner Facilities to Jordan Lake

Total Nitrogen

1996
	Major Tributary
	Facility Name
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	Haw River
	Burlington East
	79%
	76%
	76%
	73%
	71%
	62%
	57%
	66%
	75%
	68%
	73%
	79%

	Watershed
	Burlington South
	82%
	80%
	79%
	77%
	75%
	68%
	63%
	71%
	80%
	72%
	77%
	82%

	
	Graham
	82%
	80%
	79%
	78%
	76%
	68%
	67%
	72%
	78%
	72%
	77%
	82%

	
	Greensboro North
	50%
	44%
	45%
	41%
	41%
	29%
	28%
	35%
	46%
	33%
	34%
	45%

	
	Greensboro South
	51%
	44%
	45%
	43%
	40%
	34%
	30%
	37%
	48%
	41%
	37%
	48%

	
	Mebane
	64%
	62%
	60%
	57%
	54%
	46%
	40%
	44%
	54%
	46%
	60%
	56%

	
	Pittsboro
	86%
	86%
	85%
	83%
	82%
	78%
	71%
	73%
	74%
	75%
	87%
	80%

	
	Reidsville
	54%
	52%
	51%
	48%
	47%
	34%
	36%
	44%
	56%
	43%
	45%
	54%

	New Hope Creek
	Durham Triangle
	98%
	97%
	97%
	97%
	97%
	96%
	97%
	96%
	97%
	97%
	95%
	99%

	Watershed
	Durham WRF
	96%
	95%
	95%
	95%
	95%
	94%
	94%
	93%
	96%
	95%
	92%
	96%

	
	OWASA
	94%
	93%
	93%
	93%
	93%
	91%
	92%
	91%
	94%
	93%
	89%
	95%


1997

	Major Tributary
	Facility Name
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	Haw River
	Burlington East
	76%
	78%
	78%
	76%
	68%
	67%
	62%
	58%
	57%
	55%
	59%
	64%

	Watershed
	Burlington South
	80%
	82%
	81%
	80%
	72%
	71%
	66%
	62%
	62%
	60%
	65%
	69%

	
	Graham
	79%
	82%
	81%
	80%
	72%
	72%
	67%
	68%
	61%
	60%
	64%
	68%

	
	Greensboro North
	42%
	45%
	46%
	48%
	37%
	38%
	32%
	26%
	27%
	24%
	27%
	31%

	
	Greensboro South
	45%
	47%
	47%
	46%
	37%
	37%
	34%
	30%
	28%
	30%
	32%
	35%

	
	Mebane
	59%
	59%
	54%
	53%
	49%
	44%
	37%
	38%
	38%
	37%
	45%
	48%

	
	Pittsboro
	83%
	82%
	75%
	75%
	76%
	67%
	64%
	68%
	70%
	70%
	76%
	79%

	
	Reidsville
	50%
	53%
	54%
	54%
	41%
	42%
	43%
	34%
	40%
	35%
	37%
	39%

	New Hope Creek
	Durham Triangle
	96%
	97%
	97%
	97%
	97%
	96%
	96%
	95%
	95%
	95%
	96%
	96%

	Watershed
	Durham WRF
	94%
	94%
	95%
	95%
	95%
	94%
	94%
	92%
	92%
	92%
	94%
	94%

	
	OWASA
	92%
	92%
	93%
	93%
	93%
	92%
	91%
	89%
	89%
	89%
	92%
	92%


1998

	Major Tributary
	Facility Name
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	Haw River
	Burlington East
	82%
	83%
	80%
	78%
	73%
	62%
	52%
	53%
	56%
	48%
	48%
	58%

	Watershed
	Burlington South
	86%
	87%
	83%
	81%
	77%
	67%
	58%
	58%
	60%
	53%
	53%
	64%

	
	Graham
	85%
	87%
	84%
	81%
	76%
	69%
	58%
	71%
	72%
	59%
	52%
	63%

	
	Greensboro North
	56%
	59%
	47%
	45%
	42%
	30%
	24%
	23%
	23%
	18%
	18%
	29%

	
	Greensboro South
	59%
	56%
	50%
	48%
	45%
	32%
	24%
	28%
	26%
	23%
	20%
	29%

	
	Mebane
	68%
	70%
	69%
	63%
	56%
	47%
	35%
	39%
	41%
	32%
	37%
	43%

	
	Pittsboro
	88%
	88%
	88%
	86%
	83%
	75%
	67%
	63%
	66%
	60%
	65%
	75%

	
	Reidsville
	60%
	65%
	56%
	54%
	46%
	35%
	27%
	26%
	29%
	24%
	38%
	33%

	New Hope Creek
	Durham Triangle
	98%
	98%
	98%
	97%
	96%
	96%
	96%
	96%
	96%
	96%
	95%
	96%

	Watershed
	Durham WRF
	97%
	97%
	97%
	95%
	94%
	93%
	93%
	92%
	93%
	93%
	92%
	93%

	
	OWASA
	96%
	96%
	95%
	93%
	92%
	91%
	91%
	90%
	91%
	90%
	90%
	91%


Percent Delivery From Project Partner Facilities to Jordan Lake

Total Phosphorus

1996

	Major Tributary
	Facility Name
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	Haw River
	Burlington East
	83%
	82%
	81%
	79%
	77%
	70%
	67%
	74%
	81%
	75%
	79%
	85%

	Watershed
	Burlington South
	86%
	84%
	84%
	82%
	81%
	75%
	73%
	77%
	84%
	79%
	83%
	87%

	
	Graham
	86%
	84%
	83%
	81%
	80%
	74%
	69%
	76%
	82%
	78%
	82%
	86%

	
	Greensboro North
	59%
	55%
	54%
	52%
	49%
	42%
	42%
	46%
	55%
	43%
	45%
	55%

	
	Greensboro South
	61%
	54%
	55%
	53%
	50%
	42%
	38%
	47%
	58%
	52%
	47%
	60%

	
	Mebane
	71%
	70%
	69%
	66%
	63%
	56%
	49%
	54%
	63%
	57%
	68%
	65%

	
	Pittsboro
	90%
	90%
	89%
	88%
	87%
	84%
	78%
	80%
	80%
	81%
	90%
	86%

	
	Reidsville
	63%
	60%
	59%
	56%
	57%
	47%
	44%
	59%
	63%
	53%
	50%
	63%

	New Hope Creek
	Durham Triangle
	98%
	98%
	98%
	98%
	98%
	97%
	97%
	97%
	98%
	98%
	97%
	100%

	Watershed
	Durham WRF
	97%
	96%
	96%
	96%
	96%
	95%
	96%
	95%
	97%
	96%
	94%
	98%

	
	OWASA
	95%
	95%
	95%
	95%
	94%
	94%
	94%
	93%
	95%
	96%
	92%
	96%


1997

	Major Tributary
	Facility Name
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	Haw River
	Burlington East
	82%
	83%
	82%
	81%
	75%
	74%
	71%
	67%
	66%
	64%
	68%
	72%

	Watershed
	Burlington South
	84%
	86%
	86%
	85%
	80%
	79%
	76%
	74%
	71%
	70%
	73%
	76%

	
	Graham
	83%
	85%
	85%
	84%
	78%
	76%
	73%
	70%
	69%
	68%
	71%
	75%

	
	Greensboro North
	53%
	55%
	56%
	57%
	47%
	47%
	42%
	37%
	37%
	34%
	38%
	40%

	
	Greensboro South
	53%
	57%
	56%
	55%
	48%
	49%
	45%
	39%
	39%
	39%
	42%
	45%

	
	Mebane
	67%
	68%
	63%
	62%
	58%
	53%
	48%
	49%
	49%
	50%
	55%
	59%

	
	Pittsboro
	87%
	86%
	81%
	81%
	82%
	75%
	72%
	76%
	78%
	77%
	82%
	84%

	
	Reidsville
	59%
	62%
	65%
	62%
	52%
	48%
	47%
	44%
	45%
	47%
	46%
	53%

	New Hope Creek
	Durham Triangle
	97%
	97%
	98%
	98%
	98%
	97%
	97%
	96%
	96%
	96%
	97%
	97%

	Watershed
	Durham WRF
	95%
	96%
	96%
	96%
	96%
	96%
	95%
	94%
	94%
	94%
	95%
	95%

	
	OWASA
	94%
	94%
	95%
	95%
	94%
	94%
	94%
	92%
	92%
	92%
	94%
	94%


1998

	Major Tributary
	Facility Name
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	Haw River
	Burlington East
	86%
	87%
	85%
	83%
	79%
	72%
	63%
	64%
	64%
	70%
	63%
	69%

	Watershed
	Burlington South
	88%
	89%
	87%
	85%
	83%
	76%
	72%
	68%
	69%
	62%
	63%
	73%

	
	Graham
	88%
	89%
	87%
	84%
	81%
	73%
	65%
	66%
	69%
	61%
	61%
	70%

	
	Greensboro North
	64%
	64%
	57%
	55%
	53%
	41%
	34%
	34%
	34%
	29%
	29%
	37%

	
	Greensboro South
	66%
	66%
	58%
	58%
	54%
	42%
	34%
	35%
	38%
	33%
	31%
	41%

	
	Mebane
	75%
	76%
	76%
	70%
	64%
	55%
	45%
	45%
	47%
	41%
	42%
	53%

	
	Pittsboro
	91%
	91%
	91%
	90%
	87%
	81%
	75%
	72%
	74%
	69%
	74%
	81%

	
	Reidsville
	68%
	72%
	65%
	63%
	57%
	45%
	40%
	39%
	41%
	33%
	33%
	44%

	New Hope Creek
	Durham Triangle
	99%
	99%
	99%
	98%
	97%
	97%
	97%
	97%
	97%
	97%
	97%
	97%

	Watershed
	Durham WRF
	98%
	98%
	98%
	96%
	96%
	95%
	94%
	95%
	95%
	95%
	94%
	95%

	
	OWASA
	97%
	97%
	98%
	95%
	93%
	92%
	93%
	93%
	93%
	93%
	93%
	93%


Percent Delivery From Project Partner Facilities to Jordan Lake

Average 1996-1998

Total Nitrogen

	Major Tributary
	Facility Name
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Average

	Haw River
	Burlington East
	79%
	79%
	78%
	76%
	70%
	64%
	57%
	59%
	63%
	57%
	60%
	67%
	67%

	Watershed
	Burlington South
	82%
	83%
	81%
	79%
	74%
	69%
	62%
	64%
	67%
	62%
	65%
	72%
	72%

	
	Graham
	82%
	83%
	81%
	80%
	75%
	70%
	64%
	70%
	70%
	63%
	64%
	71%
	73%

	
	Greensboro North
	49%
	49%
	46%
	45%
	40%
	33%
	28%
	28%
	32%
	25%
	27%
	35%
	36%

	
	Greensboro South
	52%
	49%
	47%
	46%
	41%
	35%
	29%
	32%
	34%
	31%
	29%
	37%
	39%

	
	Mebane
	64%
	63%
	61%
	58%
	53%
	46%
	37%
	40%
	44%
	39%
	47%
	49%
	50%

	
	Pittsboro
	86%
	86%
	83%
	81%
	80%
	73%
	67%
	68%
	70%
	68%
	76%
	78%
	76%

	
	Reidsville
	55%
	56%
	54%
	52%
	45%
	37%
	35%
	34%
	42%
	34%
	40%
	42%
	44%

	New Hope Creek
	Durham Triangle
	97%
	97%
	97%
	97%
	97%
	96%
	96%
	96%
	96%
	96%
	96%
	97%
	96%

	Watershed
	Durham WRF
	95%
	95%
	95%
	95%
	95%
	94%
	94%
	92%
	93%
	93%
	93%
	95%
	94%

	
	OWASA
	94%
	93%
	94%
	93%
	93%
	91%
	91%
	90%
	91%
	91%
	90%
	92%
	92%


Total Phosphorus

	Major Tributary
	Facility Name
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Average

	Haw River
	Burlington East
	83%
	84%
	83%
	81%
	77%
	72%
	67%
	68%
	70%
	69%
	70%
	75%
	75%

	Watershed
	Burlington South
	86%
	87%
	85%
	84%
	81%
	77%
	74%
	73%
	75%
	70%
	73%
	79%
	79%

	
	Graham
	86%
	86%
	85%
	83%
	79%
	74%
	69%
	71%
	73%
	69%
	71%
	77%
	77%

	
	Greensboro North
	59%
	58%
	56%
	55%
	50%
	43%
	39%
	39%
	42%
	35%
	37%
	44%
	46%

	
	Greensboro South
	60%
	59%
	57%
	55%
	51%
	44%
	39%
	40%
	45%
	41%
	40%
	49%
	48%

	
	Mebane
	71%
	71%
	69%
	66%
	62%
	54%
	48%
	49%
	53%
	49%
	55%
	59%
	59%

	
	Pittsboro
	89%
	89%
	87%
	86%
	85%
	80%
	75%
	76%
	77%
	76%
	82%
	84%
	82%

	
	Reidsville
	64%
	65%
	63%
	60%
	55%
	47%
	44%
	47%
	50%
	44%
	43%
	53%
	53%

	New Hope Creek
	Durham Triangle
	98%
	98%
	98%
	98%
	98%
	97%
	97%
	97%
	97%
	97%
	97%
	98%
	97%

	Watershed
	Durham WRF
	97%
	97%
	97%
	96%
	96%
	95%
	95%
	95%
	95%
	95%
	95%
	96%
	96%

	
	OWASA
	95%
	95%
	96%
	95%
	94%
	93%
	93%
	93%
	94%
	94%
	93%
	94%
	94%














� These data are provisional, pending discussions between Tetra Tech, Triangle J COG, and Project Partners.
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