James River Tributaries TMDL Study

Second Technical Advisory Committee Meeting 
4/14/2021, 1:00 pm

1. Findings of the Stressor Identification Analysis
To identify the most probable stressors in the James River Tributary study streams, JMU used a formal causal analysis approach developed by EPA, known as CADDIS (Causal Analysis Diagnosis Decision Information System). The CADDIS approach evaluates 18 lines of evidence that either support or refute each candidate stressor as the cause of impairment. In each stream, each candidate stressor is scored from -3 to +3 based on each line of evidence. Total scores across all lines of evidence are then summed to produce a stressor score that reflects the likelihood of that stressor being responsible for the impairment. Table 1 shows the results of CADDIS scoring. Non-stressors are shown in green, possible stressors are shown in orange, and probable stressors are shown in red. 

[bookmark: _Ref534273225]Table 1. Total causal analysis scores by stream and by candidate stressor. Green indicates non-stressors, orange indicates possible stressors, and red indicates probable stressors.
	Candidate Stressor
	Bailey Creek
	Nuttree Branch
	Oldtown Creek
	Proctors Creek
	Rohoic Creek
	Swift Creek

	Ammonia
	-20
	-19
	-19
	-20
	-20
	-20

	Conductivity
	-23
	-16
	-24
	-23
	-13
	-24

	Dissolved Chloride
	-16
	-7
	-16
	-16
	1
	-17

	Dissolved Metals
	-8
	-13
	-13
	-11
	-3
	-8

	Dissolved Oxygen
	-1
	2
	7
	3
	1
	11

	Dissolved Potassium
	-9
	-8
	-9
	-11
	-8
	-10

	Dissolved Sodium
	-8
	1
	-8
	-8
	-3
	-16

	Dissolved Sulfate
	-10
	-11
	-17
	-16
	-9
	-17

	Nitrogen
	-13
	-9
	-8
	-5
	-3
	-8

	Organic Matter
	-2
	-2
	3
	3
	-1
	-7

	PAHs
	-5
	-2
	0
	0
	0
	-5

	PCBs
	3
	-3
	-9
	0
	0
	-9

	Pesticides
	0
	-3
	-5
	0
	0
	-8

	pH
	-22
	-31
	11
	12
	-31
	-31

	Phosphorus
	-2
	-1
	7
	-1
	11
	5

	Sediment
	19
	16
	12
	4
	15
	13

	Sediment Metals
	-2
	-7
	-7
	-2
	-3
	1

	Temperature
	-20
	-17
	-17
	-18
	-17
	-16



[bookmark: _Hlk534584656]CADDIS results indicate that sediment is a probable stressor in all of the James River tributary streams. Additionally, phosphorous is a probable stressor in three of the six streams. As such, sediment and phosphorous (where deemed a stressor) will be a target of the TMDL for each impaired segment (Table 2). In addition to sediment and phosphorous, dissolved oxygen was identified as a probable stressor in Oldtown Creek and Proctors Creek. Dissolved oxygen points to the same causal pathway of nutrient enrichment lowering dissolved oxygen, so the TMDL will target phosphorus as the limiting nutrient in these streams (Table 2). The pH stressor in Oldtown Creek and Proctors Creek was determined to be a natural condition caused by flooding of natural wetlands, thus it will not be the target of a TMDL.

[bookmark: _Ref534274027]Table 2. Probable stressors and TMDL targets selected for James River tributaries.
	Stream
	Probable Stressors
	TMDL Target

	Bailey Creek
	-Sediment
	-Sediment

	Nuttree Branch
	-Sediment
	-Sediment

	Oldtown Creek
	-Dissolved Oxygen
	-Phosphorus

	
	-pH
	-Sediment

	
	-Phosphorus
	 

	
	-Sediment
	 

	Proctors Creek
	-pH
	-Sediment

	
	-Sediment
	 

	Rohoic Creek
	-Phosphorus
	-Phosphorus

	
	-Sediment
	-Sediment

	Swift Creek
	-Dissolved Oxygen
	-Phosphorus

	
	-Phosphorus
	-Sediment

	
	-Sediment
	 



Questions: 
Any questions regarding these findings?


2. TMDL Modeling Approach
The computational model selected to develop sediment and phosphorus TMDLs in the James River Tributaries watersheds is the Generalized Watershed Loading Function (GWLF) model. GWLF is widely used throughout Virginia in developing sediment and nutrient TMDLs. It is a continuous simulation model operating on a daily timestep for water balance calculations to generate monthly sediment and nutrient yields for the watershed. The model allows for multiple land cover categories to be incorporated, but spatially it is lumped, meaning that it does not account for the spatial distribution of sources and has no method of spatially routing sources within the watershed. The standard practice is to then sub-divide larger watersheds into smaller subwatersheds that can be simulated individually to get a more granular assessment of the pollutant loads. Loads from subwatersheds contributing to the same point can then be re-combined with a transport loss factor to simulate routing of sources within the watershed.

Some of the parameters and capabilities that GWLF incorporates are:
· Surface runoff is calculated using the Soil Conservation Service Curve Number (SCS-CN) approach. Curve numbers are a function of soils and land use type. 
· Landscape erosion is calculated based on the Universal Soil Loss Equation (USLE), which incorporates the erosivity of rainfall in the watershed area, the inherent erodibility of the soils, the length and steepness of runoff slopes receiving flowing water, as well as factors for cover and conservation practices that affect the impact of rainfall and runoff on the landscape. 
· Impervious or urban sediment and nutrient inputs are calculated with exponential accumulation and washoff functions. 
· A delivery ratio is applied to the overall sediment supply, and sediment transport takes into consideration the transport capacity of the runoff. 
· Streambank and channel erosion rates are calculated using an algorithm incorporating stream discharge, fraction of developed land in the watershed, and livestock density in the watershed with the area-weighted curve number, soil erodibility factors, and the mean slope of the watershed. 
· Groundwater discharge to the stream is modeled along with interactions of evapotranspiration, infiltration from the surface to the unsaturated zone, percolation from the unsaturated zone to the shallow saturated zone, and seepage to a deep saturated zone.
· Surface nutrient losses are determined by applying dissolved nitrogen and phosphorus coefficients to surface runoff and a nutrient content coefficient to the sediment yield for pervious source areas. 
· Functionality also included for manure applications and septic systems.

TMDL development requires an endpoint or water quality goal to target for the impaired watershed(s). Many pollutants have numeric water quality criteria set in regulatory documentation, and it is assumed that compliance with these numeric criteria will lead the waterbody to achieve support of all designated uses. However, sediment and phosphorus do not have numeric criteria established, as the acceptable levels of these materials is expected to vary from stream to stream based on a range of contributing factors. Therefore, an alternative method must be used to determine the water quality target for sediment and phosphorus TMDLs.

The method proposed to set TMDL endpoint loads for the James River Tributary watersheds is called the “all-forest load multiplier” (AllForX) approach, which has been used in developing many sediment and nutrient TMDLs in Virginia since 2014. AllForX is the ratio of the simulated pollutant load under existing conditions to the pollutant load from an all-forest simulated condition for the same watershed. In other words, AllForX is an indication of how much higher current sediment loads are above an undeveloped condition. These multipliers are calculated for both unimpaired and impaired watersheds and a regression is developed between the average Virginia Stream Condition Index (VSCI) scores at monitoring stations and the corresponding AllForX ratio for the watersheds contributing to the monitoring site. This regression can be used to quantify the value of AllForX threshold that corresponds to the benthic health threshold (VSCI < 60) as shown in Figure 1. The pollutant TMDL load can then be calculated by applying the AllForX threshold to the all-forest simulated pollutant load of the TMDL study watershed. 

[image: ]
[bookmark: _Ref534656043]Figure 1. Example regression developed with the AllForX method (not actual data).

Watersheds used in developing the VSCI and AllForX regression should be similar in size and located near the study watershed to minimize differences in flow regime, soils, and other physiographic properties. Additionally, there must be adequate and recent VSCI data for a watershed to be a useful data point.

Based on the abundance of monitoring data and both impaired and unimpaired waters within the James River Tributaries watersheds, it is anticipated that many of the subwatersheds within the study area can be used as data points to develop an appropriate regression between VSCI score and AllForX. Additional watersheds will be added depending on the outcome of preliminary modeling exercises.

Questions: 
Are there any suggested watersheds for potential use in developing the AllForX regression?


3. TMDL Modeling Inputs 
Subwatersheds
The TMDL study area was divided into 26 subwatersheds to obtain a more granular assessment of the pollutant loads throughout the watershed (Figure 2). The watershed was subdivided based on impairments so that TMDLs could be developed for each impaired water. Locations of monitoring stations were used to guide subwatershed development to take advantage of available data. Junctions of streams were also used as breaking points to reduce subwatershed size.

Land Cover
[bookmark: _GoBack]The VGIN 2016 VLCD land cover dataset was used to determine the land cover distribution throughout the watershed (Figure 3, Table 3). Additional data on soil properties and slope lengths are incorporated spatially with the land cover data and serve as the primary spatial inputs to model surface erosion calculations. 
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[image: ]
[bookmark: _Ref534706520]Figure 2. James River Tributaries TMDL study subwatersheds.
[image: ]
[bookmark: _Ref68642702]Figure 3. VGIN 2016 VLCD land cover distribution in the James River Tributaries TMDL study area. 
[bookmark: _Ref68644263]Table 3. VGIN 2016 VLCD land cover by watershed. 
	Land Cover Category
	Bailey Creek
	Nuttree Branch
	Oldtown Creek
	Proctors Creek
	Rohoic Creek
	Swift Creek

	
	Acres
	%
	Acres
	%
	Acres
	%
	Acres
	%
	Acres
	%
	Acres
	%

	Open Water
	14.3
	0.2
	42.2
	1.1
	59.0
	0.7
	71.3
	0.7
	56.4
	0.9
	2,050.6
	2.9

	Impervious Extracted
	434.4
	6.6
	161.2
	4.2
	499.6
	5.9
	383.2
	3.6
	351.4
	5.8
	1,950.4
	2.8

	Impervious Local Datasets
	346.2
	5.2
	643.7
	16.7
	636.1
	7.5
	1,836.4
	17.2
	702.3
	11.5
	5,138.3
	7.4

	Barren
	18.0
	0.3
	166.8
	4.3
	1.7
	0.0
	32.0
	0.3
	61.7
	1.0
	651.4
	0.9

	Forest
	2,142.9
	32.3
	1,033.3
	26.8
	2,805.1
	32.9
	2,078.4
	19.5
	1,736.6
	28.5
	34,859.4
	50.0

	Tree
	1,161.9
	17.5
	828.7
	21.5
	998.2
	11.7
	2,211.6
	20.7
	841.9
	13.8
	9,855.5
	14.1

	Shrub/Scrub
	100.0
	1.5
	38.5
	1.0
	30.9
	0.4
	35.3
	0.3
	60.5
	1.0
	296.5
	0.4

	Harvested/ Disturbed
	88.6
	1.3
	0.0
	0.0
	134.9
	1.6
	0.0
	0.0
	17.9
	0.3
	476.4
	0.7

	TurfGrass
	1,612.0
	24.3
	908.3
	23.6
	1,997.6
	23.4
	3,095.5
	29.0
	1,662.8
	27.3
	10,282.9
	14.8

	Pasture
	196.5
	3.0
	0.0
	0.0
	243.4
	2.9
	69.8
	0.7
	273.6
	4.5
	1,731.5
	2.5

	Cropland
	111.5
	1.7
	0.0
	0.0
	626.7
	7.3
	65.8
	0.6
	147.2
	2.4
	459.9
	0.7

	NWI/Other
	403.0
	6.1
	28.6
	0.7
	501.7
	5.9
	779.7
	7.3
	187.9
	3.1
	1,901.3
	2.7

	Total
	6,629.3
	100
	3,851.4
	100
	8,535.0
	100
	10,659.1
	100
	6,100.2
	100
	69,654.0
	100




Residential Septic Systems
Residential septic systems, especially when not functioning properly, can be a source of phosphorus to watersheds. Distributions of properties on sewer vs septic have been requested from the various localities to help develop an estimate of population on septic systems. Houses not identified as on one of the municipal sewer systems in the watersheds are assumed to have septic systems. Residences with failing septic systems are often estimated based on a failure rate of 3.3%, derived from the assumption that each septic system fails, on average, once during an expected lifetime of 30 years. Census data for the localities can be used as the reference for number of persons per household, which can then be applied to the number of residences on septic systems to obtain a population distribution for input to GWLF.

Questions: 
Is there any up-to-date information available on septic systems, septic failures, and/or straight pipes in the watershed?

Does the 3.3% failure rate for septic systems seem reasonable for these watersheds?


Sewer System Overflows
Portions of the watershed are serviced by public sewer systems that discharge outside of the watershed. Under normal conditions and proper maintenance, these systems should provide no sediment or phosphorus loads to impaired streams within the watershed. However, when maintenance issues are encountered or flooding conditions overwhelm sewer pump stations, manholes or pump stations within the watershed may overflow and discharge untreated sewage into impaired streams. Data from DEQ on sanitary sewer overflow reports have been collected to compare with model results. 

Questions: 
Is there any other knowledge of frequent or ongoing sewer system overflows within the watershed?


Permitted Sources
There are three VPDES individual permits within the study area, associated with Fort Lee, the Central Virginia Correctional Center for Women, and a wastewater treatment facility (Table 4). The typical sediment load from the facility was calculated from discharge monitoring report data and used to model existing conditions. The permitted load was calculated based on the permitted discharge and concentration for the facility. The typical load is based on average reported discharge volumes reported to DEQ by the permit holder. In using the permitted discharge value to calculate the allocated load, a more conservative approach may be taken in order to ensure that the TMDL is protective of water quality.

[bookmark: _Ref68644237][bookmark: _Ref68644234]Table 4. VPDES Individual Permits in the study area.
	Permit No.
	Facility Name
	Receiving Stream
	Permitted Discharge (MGD)
	Permitted Concentration (mg/L TSS)
	Permitted Load (lb/yr TSS)

	VA0006254
	Addison Evans Water Production and Laboratory
	Swift Creek
	0.5
	60
	91,382

	VA0023426
	DOC Central Virginia Correctional Center for Women
	Swift Creek
	0.065
	45
	8,910

	VA0059161
	US Army Garrison and Fort Lee*
	Bailey Creek
	0.5
	60
	91,382


*Only a subset of outfalls discharge to Bailey Creek, permitted load not yet separated by number of outfalls.

There are 19 active industrial stormwater (ISW) general permits in the study area (Table 5). ISW permit-covered facilities located in the Chesapeake Bay watershed are required to assess their nutrient and sediment loadings and complete discharge monitoring to ensure compliance with target nutrient and sediment loading values from their facilities. As such, DEQ developed a methodology to estimate the loads from ISW permitted areas. During model simulations, the regulated acreages for the permits will be separated from the accounting of total acreages for the watershed. To develop existing loads, the regulated industrial acres for each permit are included in the model at the same loading rate as other developed, impervious acres. The allocated loads to be used in developing the TMDL are calculated using the same methodology, but utilize the loading rate of 440 lb/ac/yr TSS and 1.5 lb/ac/yr TP noted in the general permit, which was used to estimate the loading from industrial stormwater facilities for Chesapeake Bay TMDL documentation. 

[bookmark: _Ref68644309]Table 5. Industrial Stormwater General Permits in the study area.
	Permit No.
	Facility Name
	Receiving Stream
	Allocated Load (lb/yr TSS)
	Allocated Load (lb/yr TP)

	VAR050594
	US Army Garrison and Fort Lee
	Bailey Creek
	264,963.6
	903.3

	VAR050614
	Harrells Used Auto Parts
	Bailey Creek
	1,320.0
	4.5

	VAR050619
	Chaparral Virginia Incorporated
	Rohoic Creek
	105,160.0
	358.5

	VAR051218
	International Paper- Petersburg
	Rohoic Creek
	2,173.6
	7.4

	VAR052059
	Hillcrest Transportation Inc
	Rohoic Creek
	1,980.0
	6.8

	VAR050672
	Jack Plant
	Rohoic Creek
	514.8
	1.8

	VAR051893
	Atlantic Iron and Metal
	Rohoic Creek
	4,532.0
	15.5

	VAR052418
	Amazon LLC - RIC1
	Rohoic Creek
	3,960.0
	13.5

	VAR050549
	Kaiser Aluminum Fabricated Products LLC
	Proctors Creek
	9,636.0
	32.9

	VAR050625
	Reynolds Consumer Products LLC
	Proctors Creek
	8,800.0
	30.0

	VAR051023
	Dominion Energy - Chesterfield Power Station
	Proctors Creek
	88,184.8
	300.6

	VAR051168
	Aleris Rolled Products Incorporated
	Proctors Creek
	6,459.2
	22.0

	VAR052263
	Hill Phoenix - Battery Brooke Pkwy
	Proctors Creek
	1,012.0
	3.5

	VAR052314
	Pierce Mechanical Inc.
	Proctors Creek
	1,320.0
	4.5

	VAR050583
	South Side Auto Recycling Incorporated
	Nuttree Branch
	6,600.0
	22.5

	VAR050666
	Branscome Richmond - Chesterfield Plant
	Nuttree Branch
	2,288.0
	7.8

	VAR051683
	Lee Hy Paving Corporation - Chester
	Swift Creek 
	1,320.0
	4.5

	VAR051684
	Shoosmith Sanitary Landfill
	Swift Creek 
	6,160.0
	21.0

	VAR052351
	County Waste MRF
	Swift Creek 
	968.0
	3.3



There are six mixed concrete general permits in the study area (Table 6). These facilities are a permitted source of sediment in the watershed (at 30 mg/L) but are not considered a source of phosphorus. The sediment waste load allocations for these facilities are calculated using a method developed by DEQ based on the permitted sediment discharge concentration and average flow rate from discharge monitoring report data.
[bookmark: _Ref68644607]Table 6. Mixed Concrete General Permits in the study area.
	Permit No
	Facility Name
	Receiving Stream

	VAG110231
	Greenrock Materials LLC - Prince George Plant
	Bailey Creek

	VAG110158
	Mechanicsville Concrete LLC - Petersburg Ready Mix
	Rohoic Creek

	VAG110171
	Vulcan Construction Materials LLC - Dinwiddie
	Rohoic Creek

	VAG110159
	Chesterfield Ready Mix Concrete Plant
	Nuttree Branch



There are three domestic sewage general permits in the study area (Table 7). The domestic sewage general permit specifies a maximum flow rate of 1000 gallons per day at a sediment concentration of 30 mg/L and a phosphorous concentration of 2.5 mg/L. These permit limits were used to calculate a waste load allocation of 91.44 lb/yr TSS and 7.62 lb/yr P.

[bookmark: _Ref68644740]Table 7. Domestic Sewage General Permits in the study area.
	Permit No
	Facility Name
	Receiving Stream
	Allocated Load (lb/yr TSS)
	Allocated Load (lb/yr P)

	VAG404286
	Woodfin Store
	Swift Creek  
	91.44
	7.62

	VAG404275
	Tomlinson Nancy W Residence
	Swift Creek  
	91.44
	7.62

	VAG404357
	Lot 32 Lyndenwood at The Highlands
	Swift Creek  
	91.44
	7.62



There are seven Municipal Separate Storm Sewer System (MS4) permits within the TMDL watersheds (Table 8). These areas are potential sources of sediment and phosphorous and will be assigned waste load allocations in the TMDL. The loads will be based on the extent and type of land cover within the boundaries of the permitted areas. 

[bookmark: _Ref534658616]Table 8. MS4 permits within the study area.
	Permit No.
	Permitted Entity

	VAR040013
	City of Petersburg

	VAR040009
	City of Colonial Heights

	VAR040015
	City of Hopewell

	VA0088609
	Chesterfield County

	VAR040006
	Central State Hospital

	VAR040007
	Fort Lee

	VA0092975
	VDOT



There are currently 154 active Virginia Stormwater Management Program (VSMP) permits for construction within the study area (Table 9). These permits are a potential source of sediment and phosphorus and will be assigned waste load allocations in the TMDL. Each permit contains an estimate of the permitted disturbed area; however, this area is generally not disturbed for the entire length of the permit’s active status. To account for this discrepancy, the acreage estimated to be disturbed for each permit was divided over the length of the permit’s active status (no less than one year). Any active permits in process of termination were excluded because at that stage in the permitting cycle all areas are stabilized.

[bookmark: _Ref534590382]Table 9. VSMP Construction General Permits in the study area.
	Receiving Stream
	Estimated Potential Disturbed Area (ac)

	Bailey Creek
	16.7

	Nuttree Branch
	64.4

	Oldtown Creek
	40.2

	Proctors Creek
	228.0

	Rohoic Creek
	64.9

	Swift Creek
	652.9



Appropriate erosion and sediment control measures are assumed to be utilized on all construction projects, and for developing final WLAs for the allocation scenarios, loads are proposed to be simulated with an 85% sediment removal efficacy based on Chesapeake Bay Expert Panel Guidance (ESCEP, 2014). 

Questions: 
Are there any permitted sources that we are missing?

Do the acreage estimates for construction related disturbance seem reasonable?

Does the removal efficacy for erosion and sediment control measures reflect actual implementation in the field within the watershed? 

Existing BMPs
To ensure credit is given for prior work completed in the watershed, data on BMPs within the watershed tracked by the Department of Conservation and Recreation (DCR) was compiled (Table 10) and associated reductions to sediment and/or phosphorus loading will be subtracted from the existing loads.

[bookmark: _Ref68645022]Table 10. DCR BMP data within the study area.
	Receiving Stream
	Practice
	Count

	Swift Creek
	Afforestation of Crop, Hay and Pasture Land (FR-1)
	2

	
	Continuous High Residue Minimal Soil Disturbance Tillage System (SL-15A)
	1

	
	Grazing Land Management (SL-9)
	2

	
	Nutrient Management Plan Implementation and Record Keeping (NM-2)
	1

	
	Nutrient Management Plan Writing and Revisions (NM-1A)
	4

	
	Precision Nutrient Management on Cropland (NM-5)
	1

	
	Sidedress Application of Nitrogen on Corn (NM-3)
	1

	
	Small Grain and Mixed Cover Crop for Nutrient Management and Residue Management (SL-8B)
	1

	
	Stream Exclusion With Grazing Land Management (SL-6)
	1

	
	Woodland erosion stabilization (FR-4)
	1

	Proctors Creek
	Continuous High Residue Minimal Soil Disturbance Tillage System (SL-15A)
	1

	
	Nutrient Management Plan Implementation and Record Keeping (NM-2)
	1

	
	Nutrient Management Plan Writing and Revisions (NM-1A)
	2

	
	Sidedress Application of Nitrogen on Corn (NM-3)
	1

	
	Small Grain and Mixed Cover Crop for Nutrient Management and Residue Management (SL-8B)
	1

	Oldtown Creek
	Small Grain and Mixed Cover Crop for Nutrient Management and Residue Management (SL-8B)
	10

	Bailey Creek
	Late Winter SplitApplication of N on Small Grains (NM-4)
	4

	
	Long Term Continuous No-Till Planting Systems (CCI-CNT)
	1

	
	Nutrient Management Plan Writing and Revisions (NM-1A)
	8

	
	Sidedress Application of Nitrogen on Corn (NM-3)
	1

	
	Split Application of Nitrogen on Corn using Pre-Sidedress Nitrate Test (NM-3C)
	2
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