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1.0 EXECUTIVE SUMMARY

1.1. Background
_ \\\/@
The Black Creek and Hat Creek watersheds are located in Definition: l’\§ /

Nelson County, Virginia. Black Creek drains portions of the
community of Colleen, and Hat Creek drains portions of the
communities of Bryant and Jonesboro. Both Black and Hat
Creek are largely rural and forested, and are direct tributaries of
the Tye River, which flows southeast to the James River and
to the Chesapeake Bay and the Atlantic Ocean.

Watershed — All of the land
area that drains to a
particular point or body of
water.

Black Creek and Hat Creek are listed as impaired g 3(d) Integrated
Report (DEQ, 2022a) due to their failure to mee ic li dard. The
impaired segments addressed in this document are sl [ . rsheds of the
impaired streams are show in Figure 1-1.

Table 1-1. Impaired segments addressed in thi

Year
TMDL - ) .
Watershed 305(b) Segment ID isting Station Inl.tlally
Listed
VAV-HE 2-BKC001.43/
Black k 2014
ack Creek 1 g 2-BKC001.55 0
Hat Creek 02-BEN 2-HATO000.14 2012
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TMDL Watershed
[ Hat Creek
[ Black Creek
TMDL Impairment
?5% e \/AV-HO9R_BKC01A14
& VAV-HO9R_HAT01A04
Road

[ waterbody
—— Stream/River
1 County

Nelson

L9 HAT CREEK AND BLACK CREEK TMDL
o WATERSHEDS OVERVIEW
(] .v.‘ (AR N
&'“‘:::‘;::lf_/"z 0 | 2 A
AR TS —_—
Nelson County, VA

% Projection: Name: NAD 1983 StatePlane Virginia South FIPS 4502 Feet

\

Figure 1-1. Location of the Black Creek and Hat Creek watersheds and impairments.

2 August 2024



Benthic TMDL Development for the Black Creek and Hat Creek Watersheds
Located in Nelson County, VA

1.2. The Problem
1.2.1. Impaired Aquatic Life

The Commonwealth of Virginia establishes designated uses for all the waters in the state. Some
of these uses include recreation, fishing, wildlife, and aquatic life. Water quality standards have
been developed to ensure that some of these uses are met, while others are assessed using narrative
criteria. One of those standards is the expectation that every stream will support a healthy and
diverse community of bugs and fish (the aquatic life standard). ifginia Department of
Environmental Quality (DEQ) determines whether this standard i t by monitoring the benthic
macroinvertebrate community (bugs that live on the bottom o ) in our waterways. The

health and diversity of these bugs are assessed using the Vi dition Index (VSCI)
The VSCI is a multimetric index used to derive stream 0to 100. Scores
below 60 are categorized as impaired. Figure i itoring stations

throughout the watershed, color-coded by the a ite. low icons

and biological data collected throughout the
hold values, and available literature from
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[¥=]
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MONITORING STATIONS
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0 1 2 A
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Figure 1-2. Average stream health score summaries in the Black Creek and Hat Creek watersheds.
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1.2.2. Too Much Sediment

Excess sediment was identified as the primary stressor in both Black Creek and Hat Creek. When
it rains, sediment is washed off the land surface into nearby creeks and rivers. The amount of soil
that is washed off depends upon how much it rains and the characteristics of the surrounding
watershed. Rain falling on a construction site or highly tilled cropland without a cover crop may
carry a large amount of sediment to a stream. Other land types, like forests and well-maintained
pasture, contribute much less sediment to waterways during rainfall eyents. When that soil gets
into nearby streams, it falls to the bottom as sediment where it ca valuable habitat for
aquatic macroinvertebrates that live underneath and between the r and gravel of the streambed.
Without this valuable habitat, the diversity of aquatic life in a be severely limited.

1.2.3. Too Much Phosphorus

In addition, total phosphorus was identified as a pgifilary stressqr in Black CreekgPhosphorus is a
nutrient that helps plants grow. It is primarily found in fertilizers and manures. Just as sediment
can wash off the land surface into nearby creeks, phosphorus contained in fertilizers or manures
that are applied to lawns or farm fields can also wash off. In a stream, phosphorus makes algae
grow, and that algae reduces oxygen levels in the water when it dies and decomposes. This limits
the diversity of bugs and fish, which need oxygen to survive.

1.3. The Study

To study the problem gaf*

Frequently Asked @

Question: O

Why use a computer model?
Sampling and testing tell you
a lot about the present and
the past, but nothing about

nd to make predictions about
change if those sources were

how stream co
reduced.

For this purpose, a éomputer model called the Generalized
Watershed Loading Function model (GWLF) was used. This

the future. A computer model
is a tool that can help you
make predictions about the
future. This is necessary to
figure out how much effort is
needed to clean up a stream.

model considers the slope, soils, land cover, erodibility, and
runoff to estimate the amount of soil eroded in the watershed and deposited in the stream. The
model was calibrated against real-world flow measurements taken from the stream in order to
ensure that it is producing accurate results. The calibrated model was then used to estimate the
sediment reductions that would be needed to completely restore healthy aquatic life to the impaired
streams in the watershed.
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Definition:

r\/ This report summarizes the study and sets goals for a
V— clean-up plan. The study is called a Total Maximum

TMDL - Total Maximum Daily Load. Daily Load (TMDL) study because it determines the
This is the amount of a pollutant maximum amount of a pollutant that can get into a
that a stream can receive and still certain stream without harming the stream or the
meet water quality standards. The creatures living in it.

term TMDL is also used more
generally to describe the state’s | 1.4. Current Conditi
formal process for cleaning up

polluted streams.

For this report, the Geographic Information
Network (VGI i Land Cover Dataset

Figure 1-3 and

Figure 1-4 show the dist

various sourcess

(VLCD) was rent land use with

N
Y/
Definition: l§//
Point Source — pollution that
comes out of a pipe (like at a

sewage treatment plant).
Nonpoint Source — pollution
that does not come out of a
pipe but comes generally
itions from | from the landscape (usually

Burces include | as runoff).

ination System (VPDES)
general permit, in Black and Hat Creek, respectively.
permitted sources were calculated based on the permit
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Black Creek Land Cover

m Hay M Pasture m Vineyard

W Forest M Trees B Shrub

W Harvested W Water B Wetland

H Gravel W Turfgrass B Developed Pervious

M Developed Impervious

Black Creek Existing Sediment Sources

H Hay M Pasture m Forest

m Trees M Shrub m Harvested ’
B Wetland H Gravel M Turfgrass

M Developed Pervious M Developed Impervious M Streambank Erosion
M Permitted

.

Black Creek Existing Phosphorus Sources

B Groundwater W Hay m Pasture

m Forest W Trees u Shrub

W Harvested m Wetland H Gravel

M Turfgrass m Developed Pervious m Developed Impervious
M Streambank M Permitted

Figure 1-3. Land cover and existing source load distributions in the Black Creek watershed.
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Hat Creek Land Cover

H Cropland M Hay M Pasture

m Vineyard o Forest H Trees

u Shrub W Harvested W Water K
m Wetland W Gravel W Turfgrass

B Developed Pervious B Developed Impervious

A

Hat Creek Existing Sediment Sources

M Cropland W Hay M Pasture

™ Vineyard M Forest H Trees

W Shrub MW Harvested H Wetland

W Gravel W Turfgrass m Developed Pervious
m Developed Impervious  m Streambank Erosion m Permitted

Fgwsourcw distributions in the Hat Creek watershed.
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1.5. Future Goals (the TMDL)

After figuring out where the sediment in the impaired streams is currently coming from, a computer
model was used to figure out how much sediment and/or phosphorus loads need to be reduced to
clean up Hat and Black Creeks. The ultimate goal for these streams is to have sediment and, where
applicable, phosphorus levels that allow for diverse and abundant aquatic life. The reductions in
sediment and/or phosphorus needed to meet these goals are shown in Table 1-2 and Table 1-3.
These scenarios were selected by community engagement particip an effort to balance
reductions across all source sectors while also considering cost ctiveness of associated best
management practices and the likelihood of implementation.

Table 1-2. Percent reductions in sediment needed for Hat and reeks

% Reduction

Source Category

Cropland
Hay
Pasture
Vineyard
Forest, Trees, Shrubs, Harvested, Wetland

Gravel and Turfgrass 1%
Developed Pervious 1%
Developed Impery 30% 1%
Streambank Erosion 20% 6%
Permitted 0% 0%

ed for Black Creek.

%
Reduction

0%
Hay, Pasture 30%
Forest, Trees, Shrub ested, Wetland 0%
Gravel and Developed'Pervious 5%
Turfgrass 25%
Developed Impervious 30%
Septic Systems 0%
Streambank Erosion 25%
Permitted 22%
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In order to obtain healthy sediment levels in the impaired streams, significant reductions are
needed from several sediment sources. Sediment loads from pasture within the Black Creek
watershed need to be reduced by 30.5%, and sediment loads from hayland and streambank erosion
would need to be reduced by 15% and 20%, respectively. Loads from developed impervious areas
in Black Creek will need to be reduced by 30%, while sediment from gravel roads, turfgrass and
developed pervious areas will need to be reduced by 6%. For Hat Creek, a 10.9% reduction in
sediment loads from pasture and a 3.5% reduction in sediment loads from cropland, hay and
vineyards is needed. Reductions in sediment loads from urban and suburban land covers and
streambank erosion need to be reduced by 1% and 6%, respectively. sphorus loads from
agricultural sources and urban impervious land cover in Black will need to be reduced by
30%. Loads from turfgrass and streambank erosion will ne ced by 25%. Permitted
phosphorus loads in the watershed will need to be redu t the TMDL. This

reduction was calculated based on the average discha of the permitted
facility. The total maximum daily load, or TMDL entering
these streams after the recommended reduction 1-6). This
load includes permitted sources as well as a future grow account forpotential future

permitted sources. These annual loads are converted to maximum loads, as described in
Section 6.3

Margin of Total Maximum
Impairment Safety (MOS) Daily Load (TMDL)
(Ib/yr TSS) (Ib/yr TSS) (Ib/yr TSS)
Black Creek
(VAV-HO9R 445,890 52,982 529,582
VA0089
Future Growth
Table 1-5. Annua ads that will meet the water quality standard in Hat Creek. (For proposed
loadings and Perce ductions, see Scenario 1 in Table 1-11 or Table 6-10)
Allocated Permitted Allocated Margin of Total Maximum
Impairment Point Sources Nonpoint Sources Safety (MOS) Daily Load (TMDL)
(WLA) (Ib/yr TSS) (LA) (Ib/yr TSS) (Ib/yr TSS) (Ib/yr TSS)
Hat Creek
(VAV-HO9R_HATO1A04) 45,461 1,996,178 226,849 2,268,489
Domestic Sewage General
. 91
Permits
Future Growth (2% of TMDL) 45,370
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Table 1-6. Annual phosphorus loads that will meet the water quality standard in Black Creek. (For proposed
loadings and percent reductions, see Scenario 1 in Table 1-12 or Table 6-11)

Allocated Permitted Allocated Margin of Total Maximum
Impairment Point Sources Nonpoint Sources  Safety (MOS) Daily Load
(WLA) (Iblyr TP) (LA) (Ib/yr TP) (Iblyr TP) (TMDL) (Ib/yr TP)
Black Creek
(VAV-H09R_BKCO01A14) 12 519 137 1,368
VA0089729 685
Future Growth (2% of TMDL) 27

Table 1-7. Maximum daily sediment loads for Black Creek.
Allocated Permitted  Allocated Nonpoin

Impairment Point Sources (WLA) Sources (LA
(Ib/day TSS) (Ib/day TSS

Maximum Daily
Load (MDL)
(Ib/day TSS)

Black Creek

(VAV-HO9R_BKCO1A14) 84 2,769
VA0089729 55

Future Growth (2% of 29

TMDL)

Table 1-8. Maximum daily sediment loads for

Allocated Permi
Impairment Point Sources (WL
(Ib/day TSS)

argin of Maximum Daily
afety (MOS) Load (MDL)
(Ib/day TSS) (Ib/day TSS)

Hat Creek
(VAV-HO09R_HATO01A04) 1,205 12,049
Domestic Sewage General
Permits
Future Growth (2% of TMDL)
Table 1-9. MaX
Allocated Nonpoint Margin of Maximum Daily
Sources (LA) Safety (MOYS) Load (MDL)
(Ib/day TP) (Ib/day TP) (Ib/day TP)
Black Creek
(VAW-L19R RAB 2 3.7 0.6 6.36
VA0089729 1.9
Future Growth 0.1

1.5.1. Allocation Scenarios

There are many ways to reduce pollutants to reach TMDL goals. Several versions of these
reduction plans, or allocation scenarios, were developed. The first scenario focuses the greatest
reductions on the largest non point sources of the pollutant. The second scenario assigns equal
reductions to all non point sources. The third scenario focuses all reductions on agricultural
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sources and the fourth scenario focuses all reductions on urban/residential sources. Only three
scenarios were developed for sediment and phosphorus reductions in Black Creek because TMDL
endpoints could not be met even if all residential and urban pollutant sources were eliminated.
These scenarios were presented to stakeholder meeting members who determined that Scenario 1
was preferred for each watershed (see Table 1-10 through Table 1-12). Meeting participants felt
that this scenario was the most likely to be implemented while also balancing reductions between
pollutant sources.
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Table 1-10. Allocation scenarios for Black Creek sediment loads.

Black Creek Sediment (2-BKC000.08) Scenario 1 Scenario 2 enario 3
(preferred)
Source Existing Red. Allocation Red. Red. Allocation
TSS (Iblyr) % | TSS(blyr) | % % | TSS (Iblyr)
Hay 59,587 15 50,649 26.6 39,685
Pasture 253,951 30.5 176,496 26.6 169,132
Forest 87,308 - 87,308
Trees 32,305 - 32,305
Shrub 2,666 - 2,666
Harvested 14,012 - 14,012
Wetland 453 - 453
Gravel 908 6
Turfgrass 15,476 6
Developed pervious 1,789 6
Developed impervious 67,858 30 47,501
Streambank Erosion 21,197 20
VVA0089729* 1,613 20,118
TOTAL" 559,123 465,827

* TSS load shown for VA0089729 is based
permitted design flow and TSS concentration
+Totals do not include Margin of Safety (52,982

TSS concentration data while TMDL scenarios show loads based on

13
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Table 1-11. Allocation scenarios for Hat Creek sediment loads.

Hat Creek Sediment (2-HAT000.14) Scenario 1 Scenario 2 Scenario 4
(Preferred)
Existing Red. Allocation | Red. Allocation Allocation Red. Allocation
Source TSS(blyr) | % | TSS(Ibiyr) | % | TSS (Iblyr) TSS (Iblyr) % TSS (Iblyr)

Cropland 12,919 35 12,467 8.9 11,692 - 12,919
Hay 102,647 3.5 99,055 8.9 92,896 - 102,647
Pasture 1,173,980 10.9 1,046,016 | 8.9 - 1,173,980
Vineyard 15,794 35 15,241 | 8.9 - 15,794
Forest 364,328 - 364,328 - - 364,328
Trees 57,301 - 57,301 - - 57,301
Shrub 5,220 5,220 5,220 - 5,220
Harvested 17,614 / 17,614 - 17,614
Wetland 176 176 - 176
Gravel 3,028 3,028 38 1,878
Turfgrass 28,358 28,358 38 17,582
Developed pervious 2,191 2,191 38 1,358
Developed impervious 87,040 87,040 38 53,965
Streambank Erosion 275,435 249,268 38 170,770
Domestic Sewage 91 i 91
General Permits

TOTAL* 2, 146 1,995,949 1,995,623

+Totals do not include Margig
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Table 1-12. Allocation scenarios for Black Creek phosphorus loads.

Black Creek Watershed Scenario 1 (Preferred) Scenario 3
Source Existing TP Reduction | Allocation TP Allocation Reduction | Allocation TP
(Iblyr) (%) (Iblyr) TP (Ib/yr) (%) (Ib/yr)

Groundwater 168.0 - 168.0 - 168.0
Hay 188.6 30.0 132.0 50.0 94.3
Pasture 81.4 30.0 57.0 50.0 40.7
Forest 17.9 - - 17.9
Trees 8.6 - - 8.6
Shrub 0.4 - - 0.4
Harvested 2.5 - . - 2.5
Wetland 0.1 - 0.1 - 0.1
Gravel 0.4 5.0 0.3 - 0.4
Turfgrass 21.7 25.0 194 - 21.7
Developed Pervious 1.2 5.0 . 0.8 - 1.2
Developed Impervious 149.3 30.0 10 .0 104.5 - 149.3
Streambank 7.4 5.0 .6 30.0 5.2 - 7.4
VVA0089729* 914 1 85.0 25.1 685.0 25.1 685.0
TOTAL" 1, 04 1,202 1,204

* Existing TP load shown for VA0089729 is ba!

an average discharge

0.12 MGD and an average TP concentration of 2.5 mg/L.
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1.6. Public Participation

Public participation was elicited at every stage of the TMDL study in order to receive input from
stakeholders and to apprise the stakeholders of progress made. A series of two public meetings
and six community engagement meetings took place during the TMDL development process.
Since a TMDL implementation plan was being developed concurrently with the TMDL study,
implementation actions were also discussed at several of these meetings. Public meetings and
community engagement meetings included representatives from t s River Association,
Nelson County Board of Supervisors, Nelson County Servic thority, Thomas Jefferson
SWCD, Thomas Jefferson Planning District Commission, Department of Energy,

and s0I|C|ted input on the benthic stress
meeting was followed by a 30-day publi
No comments were received during this ti

The first community engag 3 ‘
Memorial Library in i [ the TMDL process and the benthic stressor
analysis. In additiog IS estimates and loading rates assigned to each

put from the members of the first stakeholder meeting, revisited a
stablishing a set aside for construction stormwater permits in the
ture growth allocation and margin of safety, reviewed the pollutant
e impaired watersheds, and gathered input on the preferred sediment

watershed, discussed
sources and BMPs i
allocation scenario.

The third community engagement meeting was held on January 10, 2024, at the Nelson Memorial
Library (18 attending). This meeting was focused on developing a phosphorus endpoint for Black
Creek. The group discussed TMDL alternatives and agreed to change paths and shift to developing
an advance restoration plan to address sediment and phosphorus targets in Hat and Black Creeks.
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The fourth community engagement meeting was held on February 27, 2024, at the Nelson
Memorial Library (9 attending). Participants prioritized a series of agricultural best management
practices for inclusion in the advance restoration plan. Streambank restoration practices were also
discussed and agreed on as a high priority for local stakeholders.

The fifth community engagement meeting was held on September 9, 2024, at the Nelson Memorial
Library (11 attending). During this meeting, participants discussed the decision to pivot back to
developing a traditional TMDL. The group also discussed the new path forward for the project

The sixth and final community engagement meeting was hel r 3, 2024, at the Nelson
Memorial Library (12 attending). During this meetin ed implementation

the draft TMDL document. The public megti ing of the official 30-day public
comment period and was attended by ## i stakeholders. The public
comment period ended on April 4, 2025. A comment response document was compiled (Appendix
D) and includes all comments received during this period in addition to responses prepared by

DEQ. y
1.7. Reasonas

TMDL and |mplementat|on plan, follow-up
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1.8. What Happens Next
This report sets the clean-up goals for Black Creek and Hat Frequently Asked ?
=

Creek, but the next step is a clean-up plan (or Question: =
Implementation Plan) that lays out how those goals will be

reached. Clean-up plans set intermediate goals and describe | oW will _the TMDL be
actions that should be taken to improve water quality in the ”—nw

impaired streams. Some of the potential actions that could For .pomt ) sourFes, Ll
be included in an implementation plan for the Black Creek reslveteriis Will lo fnglsieniize

and Hat Creek watersheds are listed below: throug_h CIEETETES B, 7
nonpoint sources, TMDL

reductions will be implemented
through best management
practices (BMPs). Landowners
will be asked to voluntarily
participate in state and federal
programs that help defer the
cost of BMP installation.

)4

e Fence out cattle from streams and provi
alternative water sources

e Implement conservation tillage practi
cropland

e Conduct stream bank restoration projects in a
where banks are actively eroding

e Leave a35-100 ft band of natura

ffer along the

t of each practice needed. The clean-up plan also
0 help in the clean-up efforts. Most of the money utilized to
late has been in the form of cost-share programs, which
the landowner. Additional funds for urban stormwater
practices haveibee allable through various grant programs, including an annual funding
opportunity throt ional Fish and Wildlife Foundation’s Chesapeake Bay Stewardship
Fund program. PleaSe be aWare that the state or federal government will not fix the problems with
the impaired streams. Sl is primarily the responsibility of individual landowners and local
governments to take the actions necessary to improve these streams. The role of state agencies is
to help with developing the plan and find money to support implementation, but actually making
the improvements is up to those that live in the watershed. By increasing education and awareness
of the problem, and by working together to each do our part, we can make the changes necessary
to improve the streams.
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DEQ will continue to sample aquatic life in these streams and monitor the progress of clean-up.
This sampling will let us know when the clean-up has reached certain milestones listed in the plan.
To begin moving towards these clean-up goals, DEQ recommends that concerned citizens come
together and begin working with local governments, civic groups, soil and water conservation
districts, and local health districts to increase education and awareness of the problem and promote
those activities and programs that improve stream health.
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2.0 INTRODUCTION

2.1. Watershed Location and Description

The Black Creek watershed is approximately 3,100 acres, and the Hat Creek watershed is
approximately 12,400 acres. Both watersheds lie wholly within Nelson County (Figure 1-1). The
Black Creek watershed includes portions of the unincorporated community of Colleen, while the
Hat Creek watershed includes portions of the unincorporated communities of Bryant, Jonesboro,
and Roseland. The study watersheds are within VAHUG6 watersheds d JM24. Both Black
Creek and Hat Creek are direct tributaries to the Tye River, which southeast through Virginia
into the James River. The James River flows into the Chesap d ultimately discharges
into the Atlantic Ocean.

wildlife; and the production of edible and
.g., fish and shellfish” (SWCB, 2011).

The following general Standard protects the aquatic life use:
“A. State waters, including wetlands, shall be free from substances attributable to
sewage, industrial waste, or other waste in concentrations, amounts, or
combinations which contravene established standards or interfere directly or
indirectly with designated uses of such water or which are inimical or harmful to
human, animal, plant, or aquatic life.
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Specific substances to be controlled include, but are not limited to: floating debris,
oil scum, and other floating materials; toxic substances (including those which
bioaccumulate); substances that produce color, tastes, turbidity, odors, or settle to
form sludge deposits; and substances which nourish undesirable or nuisance aquatic
plant life. Effluents which tend to raise the temperature of the receiving water will
also be controlled” (SWCB, 2011).

DEQ’s biological monitoring program is used to evaluate compliancegwith the above standard.
This program monitors the assemblage of benthic (bottom-dwellin large enough to see)
invertebrates (insects, mollusks, crustaceans, and annelid wor streams to determine the
biological health of the stream. Benthic macroinvertebr

conditions, important links in aquatic food chains, maj i energy and nutrient
cycling in aquatic habitats, relatively immobile, and racteristics make
them excellent indicators of aquatic health. Chan i in changes in
the structure and diversity of the benthic macroi Q assesses

Under Section 305(s Clean Water Act, states are required to assess the quality of
their water bodies in comp he,applicable water quality standards. States are also required,
: of water bodies that do not meet one or more
called the “Impaired Waters List”, or the “303(d) List”,
Dirty Waters List”. The Commonwealth of Virginia

port every two years. Each report assesses water quality by

evaluating mo a six-year window. The assessment window for the most recent
2022 305(b)/303 d Water Quality Assessment Report was from January 1, 2015
through December 3 0. According to DEQ’s current Water Quality Assessment Guidance

(DEQ, 2019), streams/Wwith a calculated VSCI score >60 are assessed as “fully supporting” the
aquatic life designated use. Streams with VSCI scores <60 are assessed as “impaired” or “not
supporting” the aquatic life designated use.
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2.3.1. Impairment Listings

According to Virginia’s 2022 305(b)/303(d) Integrated Report (DEQ, 2022a), both Black Creek
and Hat Creek are listed as impaired (Table 1-1, Figure 1-1). Data to evaluate streams in the
watersheds are collected by DEQ and other government officials.

Both Black Creek and Hat Creek are impaired from their headwaters to their confluence with the
Tye River. Both impairments are for failure to support the aquatic, life use (i.e., a benthic
impairment). Black Creek was initially listed as impaired on Virgi 014 303(d) Impaired
Waters List due to violations of the general standard for aquati based on data collected at
DEQ monitoring stations 2-BKC001.43 and 2-BKCO001.55, was initially listed as
impaired on Virginia’s 2012 303(d) Impaired Waters List iolati the general standard

, VSCI scores ed 63.3in
have aver

2022 assessment window (January 1, 2015 to D
Black Creek and 62.3 in Hat Creek. Though both T

above 60, the streams are still considered |mpaired becaus le some scores fall above 60, DEQ
biologists generally recommend two ca ic monitoring above the VSCI
threshold of 60 before delisting the streanyas ired. Thi ndation is supported by

the fact that the most recent fall and spring hin this time frame are not
both over 60, and 2021 monitoring indicates gm@ain impaired.

¢ U.S. Environmental Protection Agency’s
Regulations (40 CFR Part 130) require states
DLs) for water bodies that fail to meet designated
e state’s Impaired Waters List. A TMDL reflects the

Section 303(d) of the Fed : ater Act and

3 allowable pollutant loading from both point and nonpoint sources
for a water bodyha oad among the pollutant contributors, and provides a framework

TMDL target pollutants, or pollutants of concern (POC), are the physical or chemical substances
that will be controlled and allocated in the TMDL to result in restored aquatic life (measured by
benthic macroinvertebrate health). POCs must be pollutants that are controllable through source
reductions, such as sediment, phosphorus, nitrogen, or other substances. Physical factors or
environmental conditions, such as flow regimes, hydrologic modifications, or physical structures
(like dams) cannot be TMDL POCs, even though these conditions influence ecological
communities and may be sources of stress.
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In 2022, a stressor identification analysis study was conducted to determine the POC(s)
contributing to the benthic impairments in the Black Creek and Hat Creek watersheds (DEQ,
2022b). The stressor analysis study used a formal causal analysis approach developed by USEPA,
known as CADDIS (Causal Analysis Diagnosis Decision Information System). The CADDIS
approach evaluates 14 lines of evidence that support or refute each candidate stressor as the cause
of impairment. In each stream, each candidate stressor was scored from -3 to +3 based on each
line of evidence. Total scores across all lines of evidence were then sumied to produce a stressor
score that reflects the likelihood of that stressor being responsible e Tmpairment. The study
found that sediment (measured as total suspended solids or TSS a probable stressor in both

probable stressor in Black Creek.

For the impairment on the Black Creek waters identifi analysis also
identified an existing 6-acre impoundment as a i : i t is located
at the Nelson Couty STP, approximately 130 meters u ring station 2-
BKCO001.55. In addition, other contributing factors, such istoric dams and historic sediment
loads, may also contributing to the im nt of both stre These conditions may not be
included in the TMDL, but they should sidered wh ementing the TMDL or
evaluating its success.
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3.0 WATERSHED CHARACTERIZATION

The Black Creek watershed is approximately 3,200 acres, and the Hat Creek watershed is
approximately 12,400 acres. Both watersheds lie wholly within Nelson County (Figure 1-1). The
Black Creek watershed includes portions of the unincorporated community of Colleen, while the
Hat Creek watershed includes portions of the unincorporated communities of Bryant, Jonesboro,
and Roseland. The study watersheds are within VAHUG6 watersheds JM23 and JM24. Both Black
Creek and Hat Creek are direct tributaries to the Tye River, which flows seutheast through Virginia
into the James River. The James River flows into the Chesapeake Itimately discharges
into the Atlantic Ocean.

3.1. Ecoregion

Both Black Creek and Hat Creek are in the Northern kgfer Piedmont and Nort gneous Ridges
ecoregions (Figure 3-1). A description of each i ods et al.,
1999.

and some isolated ridges and ma i eformed and weathered
gneiss, schist and melange with i . ally this ecoregion would

The Northega®Ig 5 i asists of pronounced ridges separated by high
gaps and coves. N Ak apd well dissected. This ecoregion is naturally
dominatee Ocalized areas of agricultural production. Soil

Hydrologic soil group§iare an index of the rate at which water infiltrates through the soil with
group A having the greatest rate of infiltration and D having the lowest rate of infiltration. When
rainfall amounts exceed the capacity of the soil to infiltrate water, the excess water runs off and
contributes to erosion. The combined groups such as B/D indicate a naturally slow infiltration rate
due to high water table, rather than a lack of infiltration capacity. All study watersheds are
predominantly composed of hydrologic soil group B, with Hat Creek having a small but not
insignificant component consisting of group C (Figure 3-2).
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Figure 3-1. USEPA ecoregions included in the Black and Hat Creek TMDL watersheds.
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Figure 3-2. SSURGO hydrologic soil groups throughout the Black and Hat Creek TMDL watersheds.
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3.3. Climate

Based on climate data from the National Weather Service (weather.gov/wrh/climate), the local
annual average precipitation total in the Lynchburg area (closest dataset near the TMDL study
area) is 42.76 inches, and the daily average temperature is 56.2° F. The normal summer high
temperature is 86.9° F, while the normal winter low temperature is 25.8° F.

ed from Oregon State’s
Independent Slopes
ing networks and is used as
was utilized to obtain a
relying on a nearby
PRISM model.

Daily rainfall and temperature data for the TMDL calibration was obtaa
spatially distributed PRISM model (Parameter-Elevation Regressi
Model), which interpolates available datasets from a range of m
the official spatial climate data sets of the USDA (PRISM, 2
more exact estimate of historical weather within the watg

Inventory and Tide entory datasets and represents all identified wetland areas in those
datasets.

The VGIN dataset contains categories for cropland and pasture, which were subdivided for
modeling purposes using the 2020 Nonpoint Source (NPS) Assessment Land Use/Land Cover
database maintained by the Virginia Department of Conservation and Recreation (VADCR)
(VADCR, 2020). The VADCR NPS land use database includes acreage estimates for acres in
conventional and conservation tillage, as well as hay and three quality-based categories of pasture
by county and by VAHUG6 watersheds. The ratio of conventional to conservation tillage for each
modelled subwatershed was used to divide the VGIN cropland acres for that subwatershed into
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acreages of high till and low till, which were simulated using appropriately different parameters
within the model, such as curve number, cover management (C) factor, and practice (P) factor.
The VGIN pasture acres for each subwatershed were divided into four categories based on the
NPS database: hay, pasture-good, pasture-fair, and pasture-poor. These categories were simulated
with appropriately different curve number and C-factor values.

Local stakeholders identified significant portions of the Hat Creek watershed that were identified
as cropland in the VGIN VLCD dataset as areas not under row cropgproduction. Upon closer
inspection of aerial imagery, the majority of these areas were identifi®d as ®rchards or vineyards,
which the VLCD classification methodology does lump with tr al plowed-field row crops.
However, knowing the differences in hydrology and sedi ment in orchards and
vineyards compared to traditional row crops, these areas
‘vineyard’ with appropriate model parameters adjuste

The stakeholders also brought up the relative ab eds. VDOT
maintains a GIS layer of gravel roads, which was use i to a new land
cover type representing loads from gravel roads.

A property on the edge of the Black Creek\W the watershed when it
was found to drain to a different watershed f anagement structures. This
flow pattern was verified via conversation he : fner and a review of the aerial
imagery. Finally, an area ren was reclassified as impervious
when it was found to b€ ores of a stormwater pond.
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Figure 3-3. Land cover distribution used in the Black and Hat Creek watershed models.
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Table 3-1. Land cover distribution in the Black Creek watershed.
Black Creek Watershed

Land Cover Category Acres %
Cropland - -
Hay 483 15.5%
Pasture 232 7.4%
Vineyard - -
Forest 1,764 56.5%
Trees 333 10.7%
Shrub 8 0.3%
Harvested 16 0.5%
Water 10 0.3%
Wetland 1 0.0%
Gravel 3 0.1%
Turfgrass 165 5.3%
Developed pervious 9 0.3%
Developed imperviouL 100 3.2%
Total 3,124 100.0%

7
Table 3-2. Land cover distributiofjimthe Hat Creem
Hat Creek Watershed

Land Cover Category Acres %

23 0.2%

1,179 9.5%

1,101 8.8%

157 1.3%

8,499 68.3%

889 7.1%

23 0.2%

26 0.2%

19 0.2%

2 0.0%

9 0.1%

Turfgrass 366 2.9%
Developed pervious 10 0.1%
Developed impervious 138 1.1%
Total 12,441 100.0%
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3.5. Water Quality and Biological Monitoring Data

Biological, physical, and chemical data from four monitoring stations within the TMDL
watersheds were used in developing the stressor analysis study. This includes four benthic and two
water quality monitoring stations (two sites are co-located benthic and water quality monitoring
stations). The data from these monitoring stations are explored in the benthic stressor analysis
report (DEQ, 2022b) and summarized in Table 3-3. The various benthic monitoring stations are
shown in Figure 3-4.

Table 3-3. Summary of monitoring data collected in the study watersheds

BenthlchStatlon L ocation Monitoring Pr Years Sampled
9-BKC000.08 Old S_tage R_d Culvert ic: 2020-2021
on Piney River Farm
9 BKC00L.43 Down S_tream of STP
Discharge
2-BKC001.55 Upstream of STR 2011-2013
Discharge
9 HAT000.14 100 yards upstream o Benthic: 2008-2021

Route.655 Bridge WQ: 2007-2021
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Figure 3-4. Locations of DEQ monitoring stations in the Black and Hat Creek watersheds.

32 August 2024



Benthic TMDL Development for the Black Creek and Hat Creek Watersheds
Located in Nelson County, VA

4.0 MODELING PROCESS

A computer model was used in this study to simulate the relationship between pollutant loadings
and in-stream water quality conditions.

4.1. Model Selection and Description

The model selected for development of the sediment and phosphorus TMDLSs in the Black and Hat
Creek watersheds was the Generalized Watershed Loading Function F) model, developed
by Haith et al. (1992), with modifications by Evans et al. (2001), ow et al. (2002), and Yagow
and Hession (2007). GWLF is based on loading functions, whi ompromise between the
empiricism of export coefficients and the complexity and datasi ture of process-based
simulations (Haith et al., 1992). GWLF operates in m i were converted to
English units for this report.

GWLF is a continuous simulation model that opera i ater balance
calculations and outputs monthly runoff, sediment, an ent yields for the watershed. The

0S culated in GWLF based on the Universal Soil
porates the erosivity of rainfall in the watershed area, inherent

takes into considerati@ transport capacity of the runoff based on calculated runoff volume.
Stream bank and channel erosion is calculated using an algorithm by Evans et al. (2003) as
incorporated in the AVGWLF (GWLF with an ArcView interface) version (Evans et al., 2001) of
the GWLF model and corrected for a flow accumulation coding error (DEQ, 2005). This algorithm
incorporates the stream flow, fraction of developed land (i.e. impervious cover) in the watershed,
and livestock density in the watershed with the area-weighted curve number and soil erodibility
factors and the mean slope of the watershed.
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Groundwater discharge to the stream is calculated using a lumped parameter for unsaturated and
shallow saturated water zones throughout the watershed. Infiltration to the unsaturated zone occurs
when precipitation exceeds surface runoff and evapotranspiration. Percolation from the
unsaturated zone to the shallow saturated zone occurs when the unsaturated zone capacity is
exceeded. The shallow saturated zone contributes groundwater discharge to the stream based on a
recession coefficient, and groundwater loss to a deep saturated zone can be modeled using a
seepage coefficient.

Surface nutrient losses are determined by applying dissolved nitroge
to surface runoff and a nutrient content coefficient to the sedime
Impervious or urban nutrient inputs are calculated with ex
functions. GWLF also includes functionality for manure icati tic systems.

sphorus coefficients
for pervious source areas.

4.2. Model Setup
Watershed data needed to run GWLF were generated ty monitoring
data, streamflow data, local weather data, literature values, holder input, and best professional
judgement. In general, the GWLF man rved as the primary source of
guidance in developing input parameter i ods were not available.
Values for the various GWLF input para ¢ etailed in Appendix A. A
sensitivity analysis of the model to select para in Appendix B.

and average daily temperature, was obtained
tate’s spatially distributed PRISM model

ersheds that can be simulated individually to get a more granular
assessment of the'y ds. The TMDL study area was divided into four subwatersheds to
obtain a more granule essment of the pollutant loads throughout the watershed. The Black
Creek study area wasdivided into subwatersheds one through three, while the Hat Creek study
area was not divided into separate subwatersheds and was fully represented by subshed four
(Figure 4-1). Locations of monitoring stations were used to guide subwatershed development to
take advantage of available data.

34 August 2024



Benthic TMDL Development for the Black Creek and Hat Creek Watersheds
Located in Nelson County, VA

[ subwatershed Boundary
TMDL Impairment
e \/AV-HO9R _BKC01A14
VAV-HO9R_HAT01A04
Road

Y [ Waterbody
—— Stream/River
[ County

Nelson

HAT CREEK AND BLACK CREEK TMDL
SUBWATERSHEDS

N

, . )
L 1 1 1 ]
Miles

Ambherst Nelson County, VA
Projection: Name: NAD 1983 StatePlane Virginia South FIPS 4502 Feet

\

Figure 4-1. Black and Hat Creek TMDL model subwatersheds.
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4.3. Source Assessment

Sediment and phosphorus can be delivered to streams by either point or nonpoint sources. Point
sources include permitted sources such as water treatment facilities. Nonpoint sources encompass
all of the other sources in the watersheds. Nonpoint sources of sediment and phosphorus are
primarily from surface runoff and erosion happening within and on the banks of streams.
Phosphorus can be bound to and transported with eroded sediment or dissolved in water directly.

4.3.1. Nonpoint Sources
4.3.1.1. Surface Runoff

Sediment and attached phosphorus can be transported fro i impervious surfaces

during runoff events. Between rainfall events, sedim us surfaces and
can then be washed off these surfaces during runof rticles are
detached by rainfall impact and shear stress fr ed with the
runoff water to nearby streams. Various factors includin intehsity, storm duration, surface

ility, and other factors all impact

016, SSDCEP, 2015). Slopes and overland flow
evation data from USGS 3D Elevation Program Digital

Streambank Erosion

Sediment transport i ams is a natural process. However, changes to the landscape can alter
this process, in turn ghanging the balance of sediment mobilization and deposition within the
stream system. Phosphorus binds tightly to sediment and is transported in the stream along with
the associated sediment.

Increases in impervious areas can increase the amount and rate of flow in streams following rainfall
events, which provides more erosive power to the streams and increases the channel erosion
potential. This is often the cause of the entrenchment, or downcutting, of urban streams —
disconnecting higher flow events from the surrounding floodplain. The higher flows are then
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increasingly confined to the channel, thus mobilizing more sediment, both as total suspended solids
(TSS) in the water column and bedload (the movement of larger particles along the bottom of the
channel). Erosion of entrenched streams continues as steep banks are more susceptible to erosion
and eventually mass wasting as chunks of undercut banks are dislodged into the stream. Sediment
deposition between storm events and the highly mobile bed material during erosive storm flows
negatively impact aquatic life.

management practices weaken the stability of the streambanks them root system matrices
break down. Weakened streambanks are more easily eroded rm flows and can lead to
excessive channel migration and eventual channel over-wi reasing channel width
decreases stream depth which can lead to increased sedi nd increased water

Residential septic systeéms are designed so that their drainfields dissipate the effluent over an area
to be adsorbed to soil particles and used by plant roots and microorganisms. When systems are
failing, they can discharge nutrient-rich waste to the surface where it is easily transported to surface
waters during runoff events, or directly to surface waters if they are located nearby.

The number and distribution of dwellings with septic systems throughout the watersheds was
determined using a dataset provided by Virginia Department of Health (VDH) dated March 2021
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(Table 4-1). However, depending on the location, this dataset may only cover septic system
installations that happened after the year 2000. Stakeholder input helped determine 80 and 90 as a
best estimate of the number of functional septic systems to incorporate in the model for the Black
Creek and Hat Creek watersheds, respectively. Residences with failing (ponded) septic systems
were 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. Without reliable estimates or
stakeholder input to stating otherwise, it was assumed that there were no straight pipes in the study
area. Census data (US Census Bureau, 2018) for the localities was used agthe reference for number
of persons per household, which was applied to the number of resi on septic systems to
obtain a population distribution to be input to GWLF.

Table 4-1. Estimated numbers of residences with septic systems.
Functioning Septi

Watershed onded Sep

Systems Systems
Black Creek 80
Hat Creek 90
Total

4.3.2. Point Sources

Point sources of sediment and Hat Creek watersheds were
identified. These poin ermitted under the Virginia Pollutant Discharge Elimination
System (VPDES) p le the following categories of permits: individual permits and
domestic sewage genera or determining loads from each of these
permits are desefi e study were limited to those active as of May

There is one al permit within the study area, associated with a wastewater
treatment facilit hargingto Black Creek. The typical (existing) TSS load was calculated based
on the average dis e and average TSS concentration, and was used to model existing

conditions in the watersied (Table 4-2 and Table 4-3).

38 August 2024



Benthic TMDL Development for the Black Creek and Hat Creek Watersheds
Located in Nelson County, VA

Table 4-2. Sediment loads associated with VPDES individual permit.

. Typical .
- Average  Design Average Permitted (Existing) Permitted
. Facility Conc. Conc. Load
Permit No Watershed Flow Flow Load
Name (MGD)  (MGD) (mg/L (mg/L (Iblyr (Ib/yr
TSS) TSS) TSS) TSS)
Nelson
VAOOg9729  County - Black 012 022 44l 30 1613 20,118
Regional Creek
STP

This permit does not include a concentration limit for phosp wever, it is a significant

source of phosphorus that must be accounted for in the atershed. The typical
(existing) phosphorus load was calculated based on t erage phosphorus
concentration and was used to model existing con ermitted load
shown in Table 4-3 is based on the permitted desj eake Bay

TMDL benchmark target of 2.5 mg/L TP for minor dis GD) like the/Nelson County
Regional STP.

Table 4-3. Total phosphorus (TP) loads associate

Typical .
. Facility (Existing) Permitted
Permit No Name TP Load Load
(mg/L) (Ibsiyr) (Ibfyr)
VA0089729 2.5 914 1,676

Regional

general permit speeifies a maximum flow rate of 1000 gallons per day at a sediment concentration
of 30 mg/L. These permi its were used to calculate a wasteload allocation of 91.44 Ib/yr TSS
for the domestic sewage”permits in the TMDL. Domestic permits are also a source of phosphorus;
however, phosphorus was not identified as a probable stressor in Hat Creek where this permit is

located.

Table 4-4. Domestic sewage general permit in the study area.

Permitted Load
(Ib/yr TSS)
VAG408483 Hat Creek 91.44

Permit Number Watershed
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4.3.2.3. Construction Stormwater General Permit

There are currently no active Virginia Stormwater Management Program (VSMP) Construction
General Permits (CGPs) within the study area, nor is there any record of a CGP within the study
area in the past 10 years. These permits are a potential source of sediment and phosphorus and are
often assigned wasteload allocations in the TMDL based on the typical annually disturbed area
associated with VSMP CGPs in the watershed. Following discussions with community
engagement meeting participants, it was decided that future construction and associated loads can
be accounted for using the future growth set aside of 2% of the TM

4.4. Best Management Practices

Several property owners have installed best managemen i ithin the watersheds.

simulated as a change in land cover over the treated a lanting a ripartan buffer and
turning previous pasture land into forested areas. The B alled in the watersheds are detailed
in Table 4-5 and Table 4-6, along wit fficacies. The Chesapeake Bay
Phase 5.3 Community Model Documenta eCti 0) was used to guide the TSS
and TP removal estimates. Other BMP ithi ds, but these are either
maintenance practices or contribute only b i ithout an associated sediment
reduction.
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Table 4-5. BMPs installed in the Black Creek watershed.

BMP # Extent TS5 P
Code BMP Type Projects Installed Removal - Removal
) (Iblyear)  (Iblyear)
RB-1 Septic Tank Pumpout 1 - - 1.80
Conventional Onsite
RB-3 . 2 - Load removal - 3.59
Sewage System Repair
Conventional Onsite
RB-4 Sewage System 1 oad removal - 1.80
Installation/ Replacement
Conventional Onsite
Sewage System
RB-4P ge 5y Load removal - 3.59
Installation/ Replaceme
with Pump
Livestock Exclusion with 0.56,
LE-IT-W » Landcover 042 Land gm0 467
cover change
change
0.56, 0.42, Land
SL-6 3.61 In ft Land cover cover change, 119,300 26.05
change, 0.30 0.24

*0.42 TSS filter reduction, 0.24 TSS Grazing Management. Also,
buffer itself may benefit from the filter reduction.

though the watershed draining to this BMP can be larger, no more than two times the area of the
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Table 4-6. BMPs installed in the Hat Creek watershed.

BMP # Extent

Code BMP Type Projects  Installed TSS Removal (Ib/year)

Livestock Exclusion with

LE-1T-N Reduced Setback for TMDL 1 8,959
Imp.
SL-6 Stream Exclusion with Grazing ) Land cover 99,960

Land Management change, 0.30°

*0.56 TSS filter reduction, 0.30 TSS Grazing Management. Also, though the watershed draining to this BMP can be larger, no more than two times the area of the
buffer itself may benefit from the filter reduction.
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4.5. Flow Calibration

GWLF was originally developed as a planning tool for estimating nutrient and sediment loadings
in ungauged watersheds and was designed to be implemented without calibration. When
appropriate data is available for comparison, though, calibration can improve the accuracy of
GWLF. Hydrologic calibration was performed as a preliminary modeling step to ensure that
hydrology was being simulated as accurately as possible.

Historic daily flow data was available from USGS flow gauge 24915 — Pedlar River near
Buena Vista beginning in 2002. This gauge is co-located monitoring station 2-

POL020.03 near the confluence of Pedlar River with Brow i and was selected for

inclusion in the development of the AllForX regression s point, the Pedlar
River watershed is about 17,000 acres, a reasonable atersheds. Itis
larger than the Hat Creek watershed (12,000 acr the Black
Creek watershed (3,000 acres). The size difference b rshed and the
Black Creek watershed was considered acceptable in the ce of a smaller watershed with the

appropriate amount of USGS flow datapi hical area. The Pedlar River
watershed has similar land cover distrib 0

close to the watersheds. These factors indicatg tha «
to both of the TMDL watersheds. Hydrolog A as_gompleted for the Pedlar River

watershed, and calibrated ‘ odeled watersheds. Daily rainfall
and temperature data ined from Oregon State’s spatially distributed
PRISM model (PRISN period for the model (year 2003), the years
from 2013 to 2020 were alibrati gprod, and years 2004 to 2012 were used as a

validation datas ges a ong that a range of both dry and wet years are

ent, that cannot be calculated or estimated reliably from available
anges for GWLF calibration efforts are to achieve +5% of the
ad +209% compared to seasonal flow distribution. While calibration efforts
make a best effort at g the target for all criteria, this is not always possible as no model is a
perfect simulation of the reality it is approximating. The final GWLF calibration results are shown
in Figure 4-2 and Figure 4-3 and summarized in Table 4-7. The results of the calibration were
also assessed for overall correlation by calculating an R? value for the datasets. Generally, for
GWLF, an R? value greater than 0.7 indicates a strong positive correlation between simulated and
observed data. Following calibration, the model output was run compared to the observed 2004-
2012 discharge as a validation of the model calibration. The final GWLF validation results are
summarized in Table 4-7 and shown in Figure 4-4 and Figure 4-5.

observed total floV
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Table 4-7. Results of hydrology calibration of GWLF model compared to observed data.

Criteria Calibraj[ion Range Validat_ion Range

Percent Difference (%) Percent Difference (%0)
Total Cumulative Discharge -4.98 4.88
Spring Discharge -14.20 -5.21
Summer Discharge -5.10 9.19
Fall Discharge 1.77 13.72
Winter Discharge -0.66 6.01
R? 0.81 0.74

To quantify existing conditions and develop redu i tmulated a
16-year period (2004 through 2020) with an addi onths at the
beginning of the run serving as a ‘warm-up’ period for t el to equilibrate and minimize the

ling period allows the results to

‘normal’, and ‘wet’ years, itical conditions during both low
and high flows. Critica ows are generally associated with point source
loads, while critical re generally associated with nonpoint source

loads.

GWLF considers's : a number of mechanisms. Daily time steps are used

, the#values for the rainfall erosivity coefficient are dependent on
whether or n0 i 5 tagged as part of the growing season. The model is also capable
of incorporating @ d-application of manure in up to two user-set application periods.

Existing sediment and phosphorus loads from the impaired watersheds were simulated in GWLF
as described above. Table 4-8 and Table 4-9 summarize the resulting loads. While the model is
run using weather data from a several year period to capture the range of seasonal and annual
variation, the land cover and pollutant sources within the model do not vary over time as the model
runs. Instead, the land cover and pollutant sources simulate snapshots in time representing
available data and active permits. In this model, the land cover is from 2016 with edits noted in
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Section 3.4, and the permits and BMPs included are reflective of conditions in May 2022. These
dates reflect the collected water quality monitoring data used to determine the necessity of
developing this TMDL and to gauge the existing conditions in the model results. The monitoring
window for data analyzed for this study ran through December 2021.

Any apparent differences in calculated values are due to rounding. Model results were rounded to

4 significant figures.

Table 4-8. Existing sediment and phosphorus loads in the Black Creek wa

ters

acceunting for known BMPs

o

(not including MOS or FG detailed in Section Error! Reference so ot found.).
Black Creek
Land Cover Category  TSS (Ib/yr)  Percent TP (Ib/yr) Percent
Cropland - 0.0% - 0.0%
Hay 59,586 10.7% 188.6 12.0% .
Pasture 253,951 45.4% 814 5.2%
Vineyard - 0% - 0.0%
Forest 87,308 15.6% 17.9 1.1%
Trees 32,305 5.8% 8.6 0.6%
Shrub 2,666 0.5% 0.4 <0.1%
Harvested 14,012 2.5% 2.5 0.2%
Wetland 453 0.1% 0.1 <0.1%
Gravel 908 0.2% 0.4 <0.1%
Turfgrass 15,476 2.8% 27.7 1.8%
Developed pervious 1,789 0.3% 1.2 0.1%
Developed impervious 67,858 12.1% 149.3 9.5%
Groundwater - 0.0% 168.0 10.7%
Septic - 0.0% - -
Streambank 21,197 3.8% 7.4 0.5%
Permitted* 1,613 0.3% 914 58.3%
Total 559,124 100% 1,568 100%

of 0.12 MGD,
of 2.5 mg/L.

for Individual VPDES Permit VA0089729 were calculated using
itoring Report (DMR) data. This included an average discharge rate
rage TSS concentration of 4.41 mg/L, and an average TP concentration
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Table 4-9. Existing sediment loads in the Hat Creek watershed, accounting for known BMPs (not including

MOS or FG detailed in Section 6.0).

Hat Creek
Land Cover Category TSS (Ib/yr) Percent
Cropland 12,919 0.6%
Hay 102,648 4.8%
Pasture 1,173,980 54.7%
Vineyard 15,794 0.7%
Forest 364,329  17.0%
Trees 57,301 2.7%
Shrub 5,220 0.2%
Harvested 17,614 0.8%
Wetland 176  <0.1%
Gravel 3,028 0.1%
Turfgrass 28,358 1.3%
Developed pervious 2,191 0.1%
Developed impervious 87,040 4.1%
Streambank 275,435 12.8%
Permitted 91 <0.1%
Total 2,146,121  100%

4
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5.0 SETTING TARGET SEDIMENT AND PHOSPHORUS LOADS

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 a numeric criteria
established, as the acceptable levels of pollutant are expected to vary from stream to stream based
on a range of contributing factors. Therefore, an alternative method musgbe used to determine the
water quality target for sediment and phosphorus TMDLSs.

d Hat Creek watersheds
used in developing
ted pollutant load

The method used to set sediment TMDL endpoint loads for
is called the “all-forest load multiplier” (AllForX) appro
many sediment TMDLs in Virginia since 2014. AllFor tio of the si

under existing conditions to the pollutant load from @ all-forest simulated co for the same
watershed. In other words, AllForX is an indica ow m&higher curren ment loads
are above an undeveloped condition. These ratios were calculated for the watersheds of monitoring
stations within the impaired watersheds as well as other near nearby watersheds of similar size and
within the same ecoregions as or adjacente_coreglons to the TMDL watersheds (Appendix C).
AllForX ratios were calculated for a total of 13 watersheds.

The regression developed for total suspended'$oli k Creek were created using the

monitoring station
corresponded to a

regression, an average VSCI score of 60
is means that Black Creek is expected to

achieve consistently healt ons if geédiment loads are less than 3.0 times the all-
forested si to determine the target load for the Black Creek
sedimen

The VS both above and below 60, with an average value of 58.7
As such, th is impaired, but it is close to a VCSI score consistently above 60. DEQ

generally prefers ve years of benthic monitoring above the VSCI threshold of 60
before classifying apas unimpaired and delisting the stream. Based on a 6-yr assessment
window and typical onitoring every 2 years, no more than a third (33%) of benthic scores
could be below the threshold of 60 and meet the qualifications for delisting. As such, the regression
for TSS in Hat Creek was created using the 33rd percentile VSCI scores, rather than the average
VSCI scores. This approach accounts for natural variability in VSCI scores over time and considers
the methodology for assessing and delisting Virginia streams.

Figure 5-2 shows the regression developed for TSS in Hat Creek. Based on the regression, a 33rd
percentile VSCI score of 60 corresponds to a target TSS AllForX ratio of 2.8. This means that Hat
Creek is expected to achieve consistently healthy benthic conditions if sediment loads are less than
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2.8 times the all-forested simulated load. The TSS AllForX target of 2.8 was then used to determine
the allowable sediment load in Hat Creek (Table 5-1).

AllForX Regression, TSS (All Available Data)
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Figure 5-1. Regression between the average VSC
TSS AllForX target ratio of 3.0 in the Bla

A
AllForX Regression, TSS (All Available Data)

-forest muwar for sediment, resulting in a
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Figure 5-2. Regression between 33rd percentile VCSI scores and all-forest multiplier for sediment, resulting in
a TSS AllForX target ratio of 2.8 in the Hat Creek TMDL
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Table 5-1. Target sediment loading rates for the Black and Hat Creek watersheds

TSS All- All-Forested TSS
Impaired Stream Forested Regression Target
(Ib/yr) Multiplier (Ib/yr)
Black Creek 176,157 3.0 529,582
Hat Creek 806,839 2.8 2,268,489

AllForX was considered for establishment of a phosphorus endpoint i, Black Creek; however,
given the proportion of the total phosphorus load in the watershedgdriginating from the Nelson
County STP (57.3%), this approach did not appear suitable fg atershed. Alternatively, a
concentration-based approach was used to establish the phos int in Black Creek. This
approach was used in the Little Otter River Benthic TMDJai TP endpoint was set
to an average annual in-stream concentration of 90" percentile
concentration at a reference station on the Big Otter asidentified

phosphorus concentrations in the creek are not the ca e benthic impai

endpoint for Black Creek was set to an average annual i am concentration of 0.092 mg/L
(Table 5-2). The existing phosphorus |G e average discharge rate and
total phosphorus concentration from the Ne e target total phosphorus
load shown in the table below includes exIsi L of phosphorus in addition to a future

growth allocation and a marg

Table 5-2. Target phosph

TMDL Target
Impaired stream Mean In-Stream Total
TP Concentration Phosphorus
Load (Ib/yr) (mg/L) Load (Ib/yr)
1,568 0.092 1,368
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6.0 TMDL ALLOCATIONS

Total maximum daily loads are determined as the maximum allowable load of a pollutant among
the various sources. Part of developing a TMDL is allocating this load among the various sources
of the pollutant of concern (POC). Each TMDL is comprised of three components, as summed up
in this equation:

TMDL = YWLA + YLA + MOS

watershed. The margin of safety (MQOS) i
and the model used to develop the TMDL [@&
is then calculated by subtracting the total

To account for unce inherent in model outputs, a margin of safety (MOS) is incorporated
into the TMDL develgpment process. The MOS can be implicit, explicit, or a combination of the
two. An implicit MOS involves incorporating conservative assumptions into the modeling process
in an effort to ensure that the final TMDL is protective of water quality in light of the unavoidable
uncertainty in the modeling process. A MOS can also be incorporated explicitly into the TMDL
development by setting aside a portion of the TMDL.

This TMDL includes both implicit and explicit MOSs. An example of implicit MOS assumptions
incorporated into this TMDL are the inclusion of permitted loads at their maximum permitted
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rates, even when data shows that they are consistently discharging well below that threshold.
Another implicit MOS incorporated is the exclusion of BMPs with lifespans ending prior to the
snapshot date of current permits and BMPs, even though some BMPs outside of their noted
lifespan may still be providing benefit to the watershed. An explicit MOS of 10% is also included
in the sediment and phosphorus TMDLs. This is a typical value used in TMDLs throughout the
state to account for unavoidable uncertainties in the modeling process.

6.2. Future Growth

An allocation of 2% of the total load is specifically set aside for f
This leaves flexibility in the plan for future permitted loads to

growth within this TMDL.
ithin the watersheds, as

the development of a TMDL looks at a snapshot in time of within the watershed
and is not meant to prevent future economic growth unity engagement
meetings noted that the area is poorly suited for lar e topography.
However, in the absence of a discrete allocation its in the
Hat or Black Creek TMDLs, a 2% future growth a DLs do not

in both Black and Hat Cree determined to be a primary cause
of the impairment in Bl MDLs werewgeveloped for sediment in both Black Creek and
Hat Creek, and an s was developed for Black Creek. The final

sediment and phosphor d in the TMDL are presented in Table 6-1
through Table 6- guiTONthly increments, is most logically presented

Tablg6 | ponents for Black Creek. (For proposed loadings and percent
6 i g”1-10 or Table 6-9)

Allocated Margin of Total Maximum
sources (WLA)  Nonpoint Sources  Safety (MOS) Daily Load (TMDL)
(Ib/yr TSS) (LA) (Ib/yr TSS) (Ib/yr TSS) (Ib/yr TSS)
Black Creek
(VAV-HO9R_BKCO1A14 30,710 445,890 52,982 529,582
VA0089729 20,118
Future Growth (2% of TMDL) 10,592
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Table 6-2. Annual average sediment TMDL components for Hat Creek. (For proposed loadings and percent
reductions, see Scenario 1 in Table 1-11 or Table 6-10)

Allocated Point ﬁlc:ﬁcitier}g Margin of Tog;ill\ﬂa;i((;? dum
Impairment Sources (WLA) b Safety (MOS) Y
(Ib/yr TSS) Sources (LA) (Ib/yr TSS) (TMDL) (Ib/yr
(Ib/yr TSS) TSS)

Hat Creek
(VAV-HO9R HATO1A04) 45,461 1,996,178 226,849 2,268,489
Domestic Sewage General Permits 91
Future Growth (2% of TMDL) 45,370

Table 6-3. Annual average phosphorus TMDL components for Black . (For proposed loadings and

percent reductions, see Scenario 1 in Table 1-12 or Table 6-1

Allocated Point

Total Maximum
Daily Load

Impairment Sources (WLA)
(Iblyr TP) (TMDL) (Iblyr
Black Creek 712
(VAV-HO9R BKCO01A14) '
VA0089729

Future Growth (2% of TMDL)

In 1991, the USEPA released a support doc i for developing maximum
daily loads (MDLs) for TMDLs (USEPA, 18 detailed therein was used to

The variable Z, .645 for tis TMDL development, representing the 95" percentile. The
CV values ane multipliers to convert LTA to MDL values are summarized in

Table 6-4. “LTA to MDL multiplier” components for TSS TMDLSs.

CV of Average “LTA to MDL
Watershed Annual Loads Multiplier”
Black Creek 0.48 1.91
Hat Creek 0.50 1.94
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Table 6-5. “LTA to MDL multiplier” components for TP TMDLSs.

CV of Average “LTA to MDL
Watershed Annual Loads Multiplier”
Black Creek 0.41 1.76

The daily WLA was estimated as the annual WLA divided by 365.24. The daily MOS was
estimated as 10% of the MDL. Finally, the daily LA was estimated as the MDL minus the daily
MOS minus the daily WLA. These results are shown in Table 6-6 through Table 6-8.

Table 6-6. Maximum ‘daily’ sediment loads and components for Black C

Allocated Permitted  Allocated Nonp rgin of Maximum Daily

Impairment Point Sources (WLA) Sources (L 0S) Load (MDL)
(Ib/day) (Ib/day)
Black Creek
(VAV-HO9R_BKCO01A14) 84 2,769
VA0089729 55
Future Growth (2% of TMDL) 29

Table 6-7. Maximum ‘daily’ sediment loads a onents for Hat

Allocated Permi Maximum Daily

Impairment Point Sources (WL Load (MDL)
(Ib/day) (Ib/day) (Ib/day)
Hat Creek
(VAV-HO9R_HATO01A04) 1,205 12,049
Domestic Sewage General
Permits
Future Growth (2% of TMDL)
Table 6-8. Mz i orus loads and components for Black Creek.
ed Permitted  Allocated Nonpoint Margin of Maximum Daily
Impairment ources (WLA) Sources (LA) Safety (MOYS) Load (MDL)
(Ib/day) (Ib/day) (Ib/day) (Ib/day)
Black Creek
(VAW-L19R_RABO1A00 2 3.7 0.6 6.36
VA0089729 1.9
Future Growth 0.1
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6.4. Allocation Scenarios

Multiple allocation scenarios were run to determine possible options for reducing the sediment and
phosphorus loads to the recommended TMDL loads. Feedback from the stakeholder meeting
members guided the selection of the preferred allocation scenarios for each TMDL watershed. The
various sediment allocation scenarios are presented in Table 6-9 and Table 6-10, and the various
phosphorus allocation scenarios are presented in Table 6-11. Due to the extent of sediment and
phosphorus reductions needed in Black Creek, it was not possible to grovide a fourth scenario
urces are reduced by
he relatively high costs of

100%, the TMDLs target still cannot be achieved. After wei
urban and residential BMPs and the strong partnerships likely
community given their existing commitment to natural res engagement meeting

watershed is highlighted as Scenario 1 in the tab

Any apparent differences in calculated values are due to r
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Table 6-9. Allocation scenarios for Black Creek sediment loads.

Black Creek Sediment (2-BKC000.08) Scenario 1 Scenario 2 enario 3
(preferred)
Source Existing Red. Allocation Red. Red. Allocation
TSS (Iblyr) % | TSS(blyr) | % % | TSS (Iblyr)
Hay 59,587 15 50,649 26.6 39,685
Pasture 253,951 30.5 176,496 26.6 169,132
Forest 87,308 - 87,308
Trees 32,305 - 32,305
Shrub 2,666 - 2,666
Harvested 14,012 - 14,012
Wetland 453 - 453
Gravel 908 6
Turfgrass 15,476 6
Developed pervious 1,789 6
Developed impervious 67,858 30 47,501
Streambank Erosion 21,197 20
VVA0089729* 1,613 - 20,118
TOTAL" 559,123 465,827

*Existing conditions shows TSS load calculateg
design flow of the facility and TSS concentration li
+Totals do not include Margin of Safety (52,982

ity. TMDL scenarios are calculated using the
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Table 6-10. Allocation scenarios for Hat Creek sediment loads.

Hat Creek Sediment (2-HAT000.14) Scenario 1 Scenario 2 ario 3 Scenario 4
(Preferred)
Existing Red. Allocation | Red. Allocation Allocation Red. Allocation
Source TSS(Iblyr) | % | TSS(Ibiyr) | % | TSS (Iblyr) TSS (Iblyr) % TSS (Iblyr)

Cropland 12,919 35 12,467 8.9 - 12,919
Hay 102,647 3.5 99,055 8.9 - 102,647
Pasture 1,173,980 10.9 1,046,016 | 8.9 - 1,173,980
Vineyard 15,794 3.5 15,241 8.9 - 15,794
Forest 364,328 - 364,328 - - 364,328
Trees 57,301 - 57,301 - 57301 - 57,301
Shrub 5,220 5,220 5,220 - 5,220
Harvested 17,614 17,614 - 17,614
Wetland 176 176 - 176
Gravel 3,028 3,028 38 1,878
Turfgrass 28,358 28,358 38 17,582
Developed pervious 2,191 2,191 38 1,358
Developed impervious 87,040 87,040 38 53,965
Streambank Erosion 275,435 249,268 38 170,770
Domestic Sewage 91 i 91
General Permits

TOTAL?* 2,1 1,995,949 1,995,623

+Totals do not include Margi
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Table 6-11. Allocation scenarios for Black Creek phosphorus loads.

Black Creek Watershed Scenario 1 (Preferred) Scenario 3
Source Existing TP Reduction | Allocation TP Allocation Reduction | Allocation TP
(Iblyr) (%0) (Iblyr) TP (Ib/yr) (%) (Iblyr)
Groundwater 168.0 - 168.0 - 168.0
Hay 188.6 30.0 132.0 50.0 94.3
Pasture 81.4 30.0 57.0 50.0 40.7
Forest 17.9 - - 17.9
Trees 8.6 - - 8.6
Shrub 0.4 - - 0.4
Harvested 2.5 - - 25
Wetland 0.1 - - 0.1
Gravel 0.4 5.0 - 04
Turfgrass 21.7 25.0 - 21.7
Developed Pervious 1.2 5.0 . . - 1.2
Developed Impervious 149.3 30.0 10 .0 104.5 - 149.3
Streambank 7.4 5.0 .6 30.0 5.2 - 7.4
VA0089729* 914 1 85.0 25.1 685.0 25.1 685.0
TOTAL" 1, 04 1,202 1,204
*Existing conditions shows TP load calculated usin age flow and TP concentr data from facility.

+Totals do not include Margin of Safety (137) or

| ons
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7.0 TMDL IMPLEMENTATION AND REASONABLE ASSURANCE

7.1. Regulatory Framework

There is a regulatory framework in place to help enforce the development and attainment of
TMDLs and their stated goals on both the federal and the state level in Virginia. On the federal
level, section 303(d) of the Clean Water Act and current USEPA regulations, while not explicitly
requiring the development of TMDL implementation plans as par e TMDL process, do
require reasonable assurance that the load and waste load allocatiop§'€an and will be implemented.
Federal regulations also require that all new or revised Natio t Discharge Elimination

At the state level, Virginia’s 1997 Water Qualit itori i ration Act

that the implementation plan shall inclae achievement of water quality
objectives, measurable goals, corrective act iated costs, benefits and

Implementation plans $et intermediate goals and describe actions (with associated costs) that can
be taken to clean up impaired streams. Some of the actions that may be included in an
implementation plan to address excess sediment and phosphorous include:

e Fence out cattle from streams and provide alternative water sources
e Implement conservation tillage practices on cropland
e Conduct stream bank restoration projects in areas where banks are actively eroding
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e Leave a 35— 100 ft band of natural buffer along the stream so that it slows overland flow
and filters out sediment from adjacent land (a riparian buffer)

e Encourage timely septic system maintenance and repair.

e Reduce runoff by increasing green spaces and reducing hardened spaces (asphalt or
concrete)

Overall, implementation of TMDLs works best with a targeted, staged approach, directing initial
efforts where the biggest impacts can be made with the least effort so money, time, and other
resources are spent efficiently to maximize the benefit to water qualify. Progress towards meeting
water quality goals defined in the implementation plan will be a during implementation by
the tracking of new BMP installations and continued water i itoring by DEQ. Several
BMPs have already been implemented in the watershed a in the development
of this TMDL (Section 4.4).

Funds are often available in the form of cost-share progr ch share the cost of improvements
with the landowner. Potential sources, of funding inclu SEPA Section 319 funding for
Virginia’s Nonpoint Source Managert A’s Conservation Reserve
Enhancement Program (CREP) and its ONMe ve Program (EQIP), the
Virginia State Revolving Loan Program, and ity Improvement Fund. The
Virginia Guidance Manual fo i ad Implementation Plans (DEQ, 2017)
contains information on gva of funding soutces, as well'as government agencies that might

The following activitigsprovide reasonable assurance that these TMDLSs will be implemented and

water quality will be reStored in the Black and Hat Creek watersheds.

e Regulatory frameworks — Existing federal and state regulations require that new and
existing permits comply with the developed TMDLs. State law also requires that
implementation plans be developed to meet TMDL goals.

e Funding sources — Numerous funding sources (listed above) are available to defray the cost
of TMDL implementation.
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e Public participation — Public participation in the TMDL process informs and mobilizes
watershed residents and stakeholders to take the necessary actions to implement the
TMDL.

e Continued monitoring — Water quality and aquatic life monitoring will continue in the
TMDL watersheds and track progress towards the TMDL goals. DEQ will continue
monitoring benthic macroinvertebrates and habitat in accordance with its biological
monitoring program stations throughout the watershed.

e Current implementation actions — Many voluntary and su
practices have already been installed in these watersheds. T
Districts and NRCS are actively working in these
additional practices that can reduce sediment and ph

ized best management
il and Water Conservation
promote and implement

7.4. Attainability of Designated Use

The goal of a TMDL is to restore impaired wa i i ter quality

standards (WQSs) are attained. WQSs consist 0 that describe/"water quality
requirements and include three components: 1) designatec 2) water quality criteria to protect
designated uses, and 3) an antidegradati@ i pme streams for which TMDLs
have been developed, factors may preven designated use. In order
for a stream to be assigned a new designated e, or atiered use, the current
designated use must be removed from the sta dards regulations and is subject
to USEPA approval. Torg i st demonstrate that the use is not an
existing use, and that d d. Such uses will be attained by implementing
effluent limits requifed an Water Act and by implementing cost-
effective and reasonable b or nonpoint source control (9VAC25-260-10
paragraph |

The s ng the designated use is not feasible because of one or
more o

tant concentration prevents the attainment of the use.
ermittent, or low flow conditions prevent the attainment of the use

p ischarges without violating state water conservation.

e Human-caused conditions or sources of pollution prevent the attainment of the use and
cannot be remedied or would cause more environmental damage to correct than to leave in
place.

e Dams, diversion, or other types of hydrologic modifications preclude the attainment of the
use, and it is not feasible to restore the waterbody to its original condition or to operate the
modification in such a way that would result in the attainment of the use.
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e Physical conditions related to natural features of the waterbody, such as the lack of proper
substrate, cover, flow, depth, pools, riffles, and the like, unrelated to water quality, preclude
attainment of aquatic life use protection.

e Controls more stringent than those required by §301b and §306 of the Clean Water Act
would result in substantial and widespread economic and social impact.

This and other information is collected through a special study called a Use Attainability Analysis
(UAA). All site-specific criteria or designated use changes must be pted by the SWCB as

stream’s uses fully restorgd™® i If however, WQSs are not being
met, and no additio i dPs can be identified, a UAA would then be
initiated with the gbal © @f a more appropriate use, subcategory of a
use, or tiered use.

easonable grounds indicating that the attainment of the
. The Board may then allow the aggrieved party to conduct
ia listed above and a schedule established by the Board. The
amendment fu “if applicable, the schedule shall also address whether TMDL
development or imp on for the water shall be delayed”.
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8.0 PUBLIC PARTICIPATION

Public participation was elicited at every stage of the TMDL study in order to receive input from
stakeholders and to apprise the stakeholders of progress made. A series of two public meetings
and six community engagement meetings took place during the TMDL development process.
Since a TMDL implementation plan was being developed concurrently with the TMDL study,
implementation actions were also discussed at several of these meetings. Public meetings and
community engagement meetings included representatives from the James River Association,
Nelson County Board of Supervisors, Nelson County Service , Thomas Jefferson
SWCD, Thomas Jefferson Planning District Commission, Vifgimia Department of Energy,
Virginia Farm Bureau, the Nelson County Times, as well as ts of the watersheds.

The first public meeting (32 attendees, January 25 as held at elson Memorial
process, the TMDL purpose and process, review:
watersheds, discussed the impairments, reviewed the résults of the stressor analysis,
and solicited input on the benthic stressors identified in t thic stressor analysis study. This

meeting was followed by a 30-day publ closed on February 24, 2023.

The first community engagement meeting (24 t, 2023) was held at the Nelson
Memorial Library in Lg process and the benthic stressor
analysis. In addition, over estimates and loading rates assigned to each
land cover type. Se¥e bundance of gravel roads in the area and
that VDOT might be abl tion. It was also noted that a large area of
cropland shg ard and/or vineyards rather than row crops, and
the amo s overestimated. See Section 3.4 for further information on
the e . The group also discussed the method used to account
for futur d how the AllForX method will be used to develop target

The second communityt@ngagement meeting (18 attendees, May 17", 2023) was held at the Nelson
Memorial Library. Pafticipants in this meeting discussed the changes in landcover distributions
that were made based on the input from the members of the first stakeholder meeting, revisited a
previous discussion about establishing a set aside for construction stormwater permits in the
watershed, discussed the future growth allocation and margin of safety, reviewed the pollutant
sources and BMPs in the impaired watersheds, and gathered input on the preferred sediment
allocation scenario.
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The third community engagement meeting was held on January 10, 2024 at the Nelson Memorial
Library (18 attending). This meeting was focused on developing a phosphorus endpoint for Black
Creek. The group discussed TMDL alternatives and agreed to change paths and shift to developing
an advance restoration plan to address sediment and phosphorus targets in Hat and Black Creeks.

The fourth community engagement meeting was held on February 27, 2024 at the Nelson
Memorial Library (9 attending). Participants prioritized a series of agricultural best management
practices for inclusion in the advance restoration plan. Streambank restggation practices were also
discussed and agreed on as a high priority for local stakeholders.

The fifth community engagement meeting was held on Septe at the Nelson Memorial
Library (11 attending). During this meeting, participants gl ision to pivot back to
i palrments The
oads and

December 3, 2024 at the Nelson
Memorial Library (12 attending). Dur up reviewed implementation
scenarios for best management practices rticipants reviewed cost
estimates and assisted with development o i ation efforts. Plans for the
final public meeting were also discussed.

D) and includes all comments recelved during this period in addition to responses prepared by
DEQ.
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Various GWLF parameters used for the Black and Hat Creek watersheds models are detailed
below. Table A-1 and Table A-2 list the various watershed-wide parameters. The land use

parameters for the watersheds are listed in Table A-3 and Table A-4.

Table A-1. Watershed-wide GWLF parameters.

GWLF Parameter Units Value
Recession Coefficient day* 0.022
Seepage Coefficient day?
Leakage Coefficient day?

Erosivity Coefficient (Nov-Mar)

Erosivity Coefficient (Apr-Oct)

Sediment P Concentration

Groundwater P Concentration

Septic System Effluent P

Plant Nutrient Uptake P

Table A-2. Additional GWLF watershed parameters.

GWLF Parameter at Creek

Sediment Delivery Ratio 0.14
Unsaturated Water 16.7
aFactor 0.000077
Total Strean 37,517
1.7 2.9

0.964 0.987

0.828 0.832

0.911 0.915
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Table A-3. Land cover parameters for Black Creek.

Runoff | Sediment Secliairlr?en t
Land Cover Area (ha) CN KLSCP P Build-up .
(mglL) | (kiha-d) | BUNeUP
(kg/ko)
Low Till Cropland 0.00 0.00 0.0000 0.14 n/a n/a
Hay 195.48 59.38 0.0023 0.20 n/a n/a
Pasture-Good 28.22 62.38 0.0058 0.20 n/a n/a
Pasture-Fair 59.10 70.06 0.0234 n/a n/a
Pasture-Poor 6.59 79.75 0.0415 n/a n/a
Vineyard 0.00 0.00 n/a
Forest 713.72 56.27 n/a
Tree 134.75 60.36 n/a
Scrub/Shrub 3.42 48.92 n/a
Harvested-Disturbed 6.46 66.01 n/a
Water 4.02 n/a
Wetland 0.60 n/a
VDOT Gravel Road 1.06 n/a n/a
Turfgrass 66.77 n/a n/a
Developed-Pervious 3.74 n/a n/a
Developed- n/a 6.2 0.00217
Impervious
Impervious Local a )8 0.00217
Dataset
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Table A-4. Land cover parameters for Hat Creek.

Land Cover Area (ha) CN KLSCP
Low Till Cropland 9.20 74.33 0.0103
Hay 477.28 60.52 0.0023
Pasture-Good 81.01 63.52 0.0058
Pasture-Fair 353.90 70.94 0.0233
Pasture-Poor 10.67 80.35 0414
Vineyard 63.57 66.16 0.0022
Forest 3,439.38 55 0.0014
Tree 359.76 64 017
Scrub/Shrub 9.27 8
Harvested-Disturbed 0.0
Water 0.0000
Wetland 0.0022
VDOT Gravel Road 0.0048
Turfgrass
Developed-Pervious
Developed-Impervious 0.0000
Impervious Local Dataset 0.0000
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Analyses were conducted to assess the sensitivity of the model to changes in hydrologic and water
quality parameters, as well as to assess the potential impact of uncertainty in parameter
determination. Sensitivity analyses were run on the parameters listed in Table B-1 and Table B-2.
The outputs from model runs using the listed base parameter values were compared to model runs
changing each of the parameters by +10% and -10% of the base value. The results are shown in
Table B-3.

The relationships exhibit roughly linear responses with the exceptio KLSCP, curve number
(CN), and evapotranspiration coefficient (ET-CV). Changes in varialdles speeific to sediment such
as KLSCP had no impact on hydrology, which was to be expe diment related parameters
impacted phosphorus loads, but phosphorus-specific para s the concentration of
phosphorus in runoff or soil only affected phosphorus lo [ T-CV had the most

Sediment

ild-up

(kg/ha-d)
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
6.2
2.8

- V.
Impervious
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Table B-2. Watershed parameters used in GWLF sensitivity analysis.

Parameter Units Base Value
Recession Coefficient day? 0.022
Seepage Coefficient day? 0.007
Leakage Coefficient day? 0.008
Unsaturated Available Water
Capacity (AWC) om 15.54
Evapotranspiration a
Coefficient (ET-CV)

Table B-3. Results of the GWLF sensitivity analysis.

Parameter
Model Parameter Change

(%)
+10 . . 6.38
CN -10 . . -4.78
+10 . . 0.74
KLSCP -10 : -0.48
Recession : 1.50
Coefficient . . -1.73
Seepage -0.71 -2.54
ici 0.75 2.72
0.03 0.06
Coefficient -0.02 -0.06
-0.13 -0.05 -0.11
0.31 0.09 0.26
-8.54 -2.23 -7.05
9.34 2.43 7.71
0.00 0.00 1.05
0.00 0.00 -1.05
P in Sedimé +10 0.00 0.00 0.20
Build-up -10 0.00 0.00 -0.20
. . +10 0.00 0.09 0.22
Sediment Build-up 10 0.00 0,09 027
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The method used to set TMDL endpoint loads for the Black Creek and Hat Creek watersheds is
called the “all-forest load multiplier” (AllForX) approach, introduced in Section 5.0. AllForX is
the ratio calculated by dividing the simulated pollutant load under existing conditions by 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. After calculating AllForX values for a range of comparison monitoring stations, a
regression is developed between the AllForX values and corresponding VSCI scores at those
stations (Figure C-1, Error! Reference source not found., Figure C-2) dhbis relationship between
AllForX values and VSCI scores can be used to quantify the AlIF that corresponds to
the VSCI threshold score of 60.

These multipliers were calculated for a total of 13 watersheds (Fi
watersheds used in addition to the TMDL watersh I
regression were selected to be similar in size and |
the same ecoregion, to minimize differences i
properties. Additionally, the comparison watersheds mu dequate and recent VSCI data for
a watershed to be a useful data point. Thg VSCI scores at tion since 2001 were included in
the analysis. These watersheds included both unimpaired and impaired streams to represent a wide
distribution of current conditions.

C-3). Comparison

ources were not included. This
0 the regression that may have less
hed modelsWere run a second time, changing all of the land
land cover i€ preserving the unique soil and slope

: ultiplier was calculated for each modeled
by the all-forested model loads. This data is

through the valueskigure CA¥, Error! Reference source not found.). The regression for sediment (
TSS) resulted in an of 0.624. The regression was used to quantify the value of AllForX
that corresponds to the'enthic health threshold (VSCI = 60) for sediment. Based on the regression,
an average VSCI scofe of 60 corresponded to a target AllForX ratio of 3.0 for sediment. This
means that the TMDL streams are expected to achieve consistently healthy benthic conditions if
sediment are less than 3.0 times the simulated load of an all-forested watershed. The allowable
pollutant TMDL load was then calculated by applying the AllForX threshold where VSCI = 60 to
the All-Forest simulated pollutant load of the target watershed to determine the final target TMDL
loading. An explicit margin of safety was implemented based on this target loading rate, setting

aside 10% of the allowable load specifically for the margin of safety.
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A separate regression was developed for Hat Creek to account for unique characteristics of the
stream. Rather than using average VVSCI scores for monitoring stations, the 33" percentile of scores
in the past 10 years was used. The results of the benthic stressor analysis for Hat Creek indicate a
‘borderline’ impairment, with VVSCI scores repeatedly falling above and below the threshold of 60.
The 33rd percentile was selected in particular because it accounts for the fact that DEQ requires
two consecutive years of benthic monitoring above the VSCI threshold of 60 before delisting the
stream as unimpaired. Based on a 6-yr assessment window and typical DEQ monitoring every 2
years, no more than a third (33%) of benthic scores could be below the threshold of 60 and meet
the qualifications for delisting. With VSCI scores in Hat Creek falling both above and below the
listing threshold, using the 33™ percentile accounts for some of the nuance in the delisting criteria
that has contributed to Hat Creek remaining on the impaired list.,

regression was plotted through the values (Figur
resulted in an R? value of 0.551. The regression was u
corresponds to the benthic health threshgld (VSCI = 60) fo
33" percentile VVSCI score of 60 corresponded
TMDL streams are expected to achieve coRs
are less than 2.8 times the simulated load of)a
TMDL load was then calculated by applying t
All-Forest simulated po g of the targéBwatershed 40 determine the final target TMDL
loading. An explicit g was implemented based on this target loading rate, setting
aside 10% of the alfowaf ifically for th gin of safety.
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Table C-1. Model run results for AllForX value development.

TSSAI- | TSS TP All- TP
Station 1D e 3\3/rSdC°f’ (I/f‘/f) Forested | Al TP (tlyr) | Forested | AllForX
(thyr) i0 (thyr) Ratio

2-BKC000.08 5436 | 5398 | 29832 79.90 734.49 216.90 339
2-HATO000.14 58.67 52.26 979.30 365.98 2.6 2,150.53 875.82 2.46
2-POL020.03/2-POLO19.63 6933 | 6648 | 70815 | 54 130 54381 | 125714 123
2BECHO000.53 73.25 72.45 78.11 .52 1.05 22 130.39 1.12
2-LIF000.08/2-LIF000.62 74.62 74.15 91.18 .56 1.04 1 170.55 1.10
2-BMT000.07 77.69 76.55 94.33 18 173 153.85 1.12
2-BUF026.43 58.13 54.02 1,492.23 646. 2:31 2,925.15 1,475.40 1.98
2-BNF003.52 7801 | 7528 106 | 24184 238.57 101
2BPRS001.90 80.76 80.75 12 217.14 194.48 1.12
2-RTDO03.08/2-RTD003.30 5245 | 5233 2310.40 721.58 3.20
2-TNR000.25 6336 | 6318 29 | 97496 292.65 333
2BRKR012.86 61.36 3.46 841.32 311.16 2.70
2-BVC003.09 73.12 2.17 1,162.18 710.39 1.64
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AllForX Regression, TSS (All Available Data)

100
a0 v =-7.6389x + 82.967
R?=0.6238
80 e
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0

Average VSCI| Score

k J

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
AllForX Ratio TSS
® AllForX Data 0 TMDL Subwatersheds

Min VSCl of a Healthy Stream s=eeeeees Linear (AllForX Data)

Wfor sediment, resulting in a

nd all-forest

Figure C-1. Regression between the average V
TSS AllForX target ratio of 3.0 in the Bl
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AllForX Regression, TSS (All Available Data)

100
a0 y=-7.6244x + 81,408
R2=0.5507
v 80 '.
S 70 L S e
e ® Uttt ®
§ EU +++++ - |--.......-.,‘__“..' ®
= 50 [l ° 't
£ 40
(&) -
EL 2-BKC000.08
© 20 2-HAT000.14
o
™ 10
v
0
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
AllForX Ratio TSS
® AllForX Data TMDL Subwatersheds
Min VSCl of a Healthy Stream  =+++===++ Linear (AllForX Data)
Figure C-2. Regression between 33rd percentile gores and all-fore iplier for sediment, resulting
in a TSS AllForX target ratio of 2.8 in t MDL.
AllForX was considered for.e dpoint in Black Creek; however,
given the proportion of ershed originating from the Nelson
County STP (57.3% r suitable for the watershed. Alternatively, a

phosphorus endpoint in Black Creek. This
MDL in 2014, where a TP endpoint was set
to an ave of 0.070 mg/L based on the 90" percentile
e Big Otter River (DEQ, 2014b). Hat Creek was identified
hile the stream had a borderline benthic impairment,
gek are not the cause of the benthic impairment. The TP
et to an average annual in-stream concentration of 0.092 mg/L

load shown in the table”below includes existing sources of phosphorus in addition to a future
growth allocation and a margin of safety.
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Table C-2 Target phosphorus concentration and load for the Black watershed

Existing Condition TMDL Target
Impaired stream | Mean In-Stream Total Mean In-Stream Total
TP Concentration Phosphorus TP Concentration Phosphorus
(mg/L) Load (Ib/yr) (mg/L) Load (Ib/yr)
Black Creek 0.16 1,568 0.092 1,368
Northern
: [ Watershed Boundary
A Benthic Monitoring Station

=] County
) city

—— Perennial Stream

Limestone/Dolomite

Albemarle
Rockbridge

2BPRS001:90

(Buena)Vistal

2-HAT000.14

2'BV/C003/09
2'BRKR012.86
( 2-BNF003 52
2.PoL020.03f P L |

: 2:BKC000.08
[ 2:81T000.07, \

2-IF000.08

3 ; 2:BUF026/43
~ M 2BECH000.53

Northern

BLACK CREEK AND HAT CREEK TMDL
ALLFORX WATERSHEDS AND
EPA LEVEL IV ECOREGIONS

N

Bedford - L L m's‘“ L i A

Amherst and Nelson Counties
Projection: Name: NAD 1983 StatePlane Virginia South FIPS 4502 Feet

Figure C-3. Wate eloping the AllForX regression.
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