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EXECUTIVE SUMMARY

Background and Applicable Standards

There are twenty (20) different impaired stream segments in this study area on the
following streams, Pamunkey River, Crump Creek, Crump Creek Unnamed Tributary,
Beaverdam Creek, Harrison Credfarrison Creek Unnamed Tributary, Jacks Creek,
Kersey Creek, Little River, Mill Creek Pamunkey River Unnamed Tributaries, Northeast
Creek and Pollard Creek.

All twenty segments have bacterial impairmentable ES 1 shows the details of these
impairments. In addition the TMDLs of select impairments within the South Anna
watershed were modified in August 2013 to provide for appropriate future growth. The

modifications are included in this document.

The PamunkeyRiver watershed has multiple segments impaired for violations of the
fecal bacteria standard and there have been TMDLs completed previously to address
some of these issues. Specifically, a major portion of the Lake Anna watershed had both
TMDLs and Implenentation Plans developed to address bacteria impairments. In
addition, the entire South Anna River watershed was addressed through bacteria TMDL
development as well as multiple individual segments of the Pamunkey River watershed.

Since the completion dhose studies, additional impaired segments have been identified.

In an effort to consolidate TMDL efforts in the Pamunkey River watershed, and bring
this area into conformance with the current TMDL watershed unit approach for TMDL
development, this TMDL tady combines the unaddressed bactenaired segments

with some of the previous TMDL work. The combination of previous and new TMDL
development requires portions of previously completed TMDLs to be superseded. This
Pamunkey TMDL project follows thremain development paths, some existing TMDL
equations have been updated, while others superseded completely, and still other newly

addressed impairments have been modeled in consideration of the overall drainage.

In Virginia, once a water body violates asgn standard, a Total Maximum Daily Load
(TMDL) must be developed. The TMDL is a pollution budget that determines the
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amount of pollutant the water body can receive in a given period of time and still meet

the intended standard.
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Table ES 1 Impairments within the Pamunkey River Watershed addressed for the first time in this study.

Stream Name Impairment(s) Il?;::ﬁl 2012 River Miles 2012 Listing Impairment Location Description
Impairment ID Contracted Yea? (Sq Miles) Violation% * P P
Beaverdam Creek : From the headwaters to its confluence with the Litt
VAP-F11R_BDCO1A12 E. coli 2012 8.47 44 EC River.
Crump Creek ISEC
VAP-F12R_CRUO1A02 E. coli 2008 10.08 i? Eg From its headwaters to its mouth.
Crump Creek X-Trib. . . .
VAP-F12R_XJCO1A12 E. coli 2012 1.79 42 EC  From the headwaters to its confluence with Crump C
. 37EC .
Harrison Creek E. coli 2008 280 38 EC Upstream of a pond at Elsing Green downstream to
VAP-F14R_HSNO1AO00 ' ' 17 EC nearest tributary.
Harrison Creek . . . . .
VAP-F14E_HSNO1A12 E. coli 2012 (0.05) 33 EC Tidal portion of Harrison Creek at its mouth.
Harrison Creek X-Trib. : From its headwaters to its confluence with Harriso
VAP-F14R_XJDO1A12 E. coli 2012 0.16 SOEC Creek.
Jacks Creek & Tribs. . .
VAP-F13R_JCK01A98 E. coli 2008 21.05 1gECc oM ts headwaters downstieam [0 fts confluence
VAP-F13R_MLY01A12? y '
Kersey Creek , From its headwaters downstream to its confluence \
VAP-F12R_KERO1A12 E. coli 2012 2.76 25 EC Crump Creek.
Upper Little Ri ver , From its confluence with Hawkins Creek downstrear
VAN-F10R_LTLO1A02 E. coli 2006 4.01 23EC its confluence with Locust Creek.
Lower Little River , From its confluence with Locust Creek downstream t
VAP-F11R_LTL01B08 E. coli 2008 10.77 25 EC confuence with Beaverdam Creek.
Mill Creek E coli 2012 439 54 EC From its headwaters downstream to its confluence \

VAP-FO9R_MLLO1A12

the North Anna River.

XIXX

1 EC- Based on the instantanedtscoli standard of 235 cfu/100ml.
2 Mallory Creek in its entety was split from Jacks and Tribs in 2012.
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Table ES 1 Impairments within the Pamunkey River Watershed addressed for the first time in this study(cont.)

Stream Name Impairment(s) ITS'E‘E:I 2012 River Miles 2012 Listing Impairment Location Description
Impairment ID Contracted Yearg (Sq Miles) Violation% * P P
Pamunkey River : From its headwaters downstream to its confluence \
VAP-F12R_PMKO01B08 E. coli 2008 12.26 16 EC Mechumps Creek.
Pamunkey River : . .
VAP-F14E_PMK02A00 E. coli 2010 (0.812) 13 EC From Macon Creek downstream to river mile 34.2¢
Pamunkey River : A one mile radius around VADEQ monitoring station
VAP-F14E_PMKO03A00 E. coli 2010 (0.38) 13EC PMK032.00.
Pamunkev River One mile downstream ofBMKO032.00 and extends tc
y E. coli 2010 (2.44) 13 EC the downstream extent of tidal freshwater segment
VAP-F14E_PMKO04A00 . . .

— approximately river mile 23.6.
Pamunkey River : . .
VAP-F13E_PMK01A98 E. coli 2008 (0.30) 25 EC From Pampatike Landing to Macon Creek.
Pamunkey River X-Trib. , From its headwaters downstream to its confluence \
VAP-F13R_XDWO01A08 & COli 2012 551 25EC the Pamunkey River.

X-Tr!b Pamunkey River : From its headwaters downstream to its confluence \
X-Trib E. coli 2012 3.85 25 EC Pamunkey Tributary (XDW)
VAP-F13R_XDX01A04 y y :

Pollard Creek : From its headwaters downstream to its confluence \
VAP-F12R_PLDO01A12 E. coll 2012 4.06 17EC Crump Creek.

Northeast Creek E coli 2006 274 o5 EC From an XTrib downstream to the North Anna Rive

VAN-FO9R_NSTO01A08

confluence.

1 EC- Based on the instaamieou<. colistandard of 235 cfu/100ml.
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TMDL Endpoint and Water Quality Assessment

Fecal bacteria TMDLdor freshwatenn the Commonwealth of Virginia are developed
using theE. coli standard. For this TMDL development, thesineamE. coli targets
both a monthlygeometric mean not exceeding 1&6/100 mLand a daily concentration
that does not exceed 235 cfu/100 mL more than 10% of the #nteanslator developed

by VADEQ was used to convert fecal coliform value&taolivalues.

Source Assessment

Sources of bacteria were identified and quantified in the Pamunkey River watershed.
Sources included point sources as well as-paint sources. The quantification of
sources is important to determine the baseline of current conditions that is daesing
impairment. Sources of bacteria included human, livestock, wildlife, pets, as well as

permitted point sources.

Modeling Procedures

Computer modeling is used to relate the sources on the ground to the water quality in the
streams and rivers. Thisimmportant since not every colony of bacteria in the Pamunkey
River watershed ends up in the streams and rivers. The computer models help quantify

the portion of bacteria within the Pamunkey River watershed that ends up in the stream.

The computer modelingrocess consists of several steps. First, the characteristics of the
drainage area including land use, slopes, stream network, soil properties, are entered into
the model. The quantities of bacteria are also entered into the model. A process known
as @libration is then conducted by comparing model simulations with monitored field
data. Model parameters are adjusted during calibration to minimize the error between
simulated and monitored values. This process is conducted for hydrology (flow) as well
as water quality. Once the model is calibrated, it is then used to determine the existing
water quality conditions in the study area and may be used to determine the reductions
necessary to meet the water quality standard or endpoint.

For the tidal segmesitin the study area, the Steady State Tidal Prism Model, which is

used by VADEQ for modeling tidally impacted waterbodies, was implemented within the
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HSPF framework to model the tidally influenced segments in conjunction with lateral
free-flowing impairmen creeks and input from upstream drainages. The Pamunkey
River downstream of Totopotam Creek is tidally influenced and so are multiple creeks
flowing laterally into the River between TotopotoynCreek and the downstream end of

the study area.

Hydrology
The US Geological Survey (USGS) Hydrologic Simulation Progrdrortran (HSPF)

water quality model was selected as the modeling framework to model hydrology and
fecal coliform loads. For purposes of modeling the Pamunkey River watershed, inputs to
streanflow and instream fecal bacteria, the drainage area was divided into forty five (45)

subwatersheds.

Fecal Coliform

Wildlife populations, the rate of failure of septic systems, domestic pet populations, and
numbers of livestock are examples of ldrased nnpoint sources used to calculate fecal
coliform loads. Also represented in the model were direct sources of uncontrolled
discharges, direct deposition by wildlife, direct deposition by livestock, and direct inputs
from sewer overflows. Contributions froall of these sources were updated to current

conditions to establish existing conditions for the watershed.

Load Allocation Scenarios

The next step in the TMDL processes was to reduce the various source loads to levels
that would result in attainment ¢he water quality standards or endpoints. Scenarios
were evaluated to predict the effects of different combinations of source reductions on
final in-stream water quality. The final TMDL information is shownTiable ES 2.
However, because of the comprehensive nature of this study in which former TMDL
equations will be superseded by new equations, modified, or remain unch@iagkd,

ES 2, Table ES 3, andTable ES 4 outline what former TMDL equations will be
superseded, modified, and remain unchanged, respectively. The final bacterial TMDLs
for the Pamunkey River Watershed include Z0@ductions in straight pipes and sewer

overflows.
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Table ES 2 TMDL equations (annual E. coli bacteria loads cfu/year) for the Pamunkey River watershed impairments, with
reference to TMDL equations from previous reports thatwill be superseded.
2014 Pamunkey River Watershed TMDL (cfulyr) Previous TMDL Equation (cfu/yr)
Impaired TMD Assessment Unit IDs
Unit WLA LA MOS TMDL addressed by 2014 TMDI Report Watershed WLA LA MOS| TMDL
VANFO9R_NSTO01A08 |Bacteria Total Maximur
Northeast 3 VANFO9R_NST03A08** |Daily Load Developme] Northeast Creek 3
Creek 2.34E+12] 1.15E+14 | T | 1.17E+14| VANFO09R_NSTO04A08**| for the Pamunkey Rive (VARFO9RO1) 2.30E+10| 2.30E+12| T | 2.32E+12
e VANFO9R_MUS01AQ06** Basin S
VANFO9R_NST02A98%* (2006)
Unper Little 3 VARF11R_BDCO01A12
prlj?iver 5.61E+12| 2.75E+14 | © 2.81E+14 VANF10R_LTLO1A02 N/A - - - -
& VARF11R_LTLO01B08
Upper _
Pamunkey 3 VARF12R_PMK01B08 .
River/North 3.25E+13| 8.71E+14 5 9.03E+14 VARFO9R_MLLO1A12 N/A - - - -
Anna -
VARF12R_CRUO01A02
VARF12R_XJCO01A12 .
Midde 3 VARF12R_KERO1AL2 ?Aa:;EUﬁWTgﬂgrLefeir Mechumps Cree 3
Pamunkg 2.36E+13| 1.06E+15 | © 1.08E+15 VARF12R_PLDO01A12 HanoverpCount (VAPF1pZR02) 1.00E+12| 2.98E+13| © 3.08E+13
River g VARF12R_MCP03A06** (2004) y 2
VARF12R_XEGO01A06**
VARF12R_MCPO01A94*

XXX

Segments in bold are impaired segments being addressed by a TMDL for the first time in this report.
*  Segments with a previously completed TMDL equation, which is being superceded by the TMDL equation in this repor
**  Segments were nested with a previously completed TMDL, which is superceded by the TMDL equation in this report.
***  Segments were delisted prior to this report, however they had a previously completed TMDL equation that is being supgrtledddVid. equation in

this report.
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Table ES 2 TMDL equations (annual E. coli bacteria loads cfu/year) for the Pamunkey River watershed impairments, with

VARF14E_PMKO02A00
VARF14E_PMKO03A00

VARF13R_XDWO01A0

VARF13R_XDX01A04

reference to TMDL equations from previous reports that will be superseded. (cont.)
2014 Pamunkey Rivaiatershed TMDL (cfu/yr) Previous TMDL Equation (cfu/yr)
Impaired Assessment Unit IDs
TMDL Unit WLA LA MOS| TMDL addressed by 2014 TMI] Report Watershed WLA LA MOS| TMDL
Bacteria ‘©tal Maximum|
Daily Load Developmel Monquin/Webb 3
VARF13R_MNQO1A98* for the Creek 8.71E+10| 1.81E+11| < 2.68E+11
Pamunkey River Basil (VARF13R04) S
(2006)
Bacteria Total Maximur
VARF13E_PMKO01A98* |Daily Load Developent pamunkev River 3
VARF13E_PMKO02A98* | for the Pamunkey Rive (VAPF13yE02) 2.49E+13| 7.22E+14| T 7.47E+14
VARF13E_PMKO3A06* Basin S
(2006, modified 2013)
Bacteria Total Maximur
_ Daily Load Developme Black Creek 3
Lower 3 VARF13R_BLCO01A00*** | for the Pamunkey Rive 1.26E+10| 1.26E+12| T |1.27E+14
Pamunkey | 5.38E+13| 1.75E+15| T |1.80E+1§ Basin (VARF13R05) =
. o —
River = (2006)
Bacteria TMDL for _
Matadequin Creek |Matadequin Cree 3 .
* e
VARF13R_MDQO1A98* | " ° County, Virgin  (VARF13R01) 0 3.16E+13 S 3.16E+13
(2004) -
VARF14R_XJD01A12 VARF14E_PMKO04A0
VARF14R_HSNO1A00 VARF13R_JCKO01A9
VARF14E_HSDLA12 VARF13R_MLYO01lA1Z N/A

Segments in bold are impaired segments being addressed by a TMDL for the first time in this report.
*  Segments vih a previously completed TMDL equation, which is being superceded by the TMDL equation in this report.
**  Segments were nested with a previously completed TMDL, which is superceded by the TMDL equation in this report.

*** Segments were delisted prior this report, however they had a previously completed TMDL equation that is being superceded by the TMDL equation i

this report.
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Table ES 3 TMDL equations for the South Anna River watershedmpairments (annual E. coli bacteria bads- cfu/year)
that have been modified from a previous TMDL report.

2014 Pamunkey River Watershed TMDL (cfu/yr)

Previous TMDL Equation (cfu/yr)

Watershed | WLA LA |MOS| TMDL |, dﬁfgfgjg"s;tzgﬁ 'TDNS” Report Watershed | WLA | LA |MOS| TMDL
SouthAnna =1 . =
. 3 VANFO1R_SAR02B10* % South Anna Rivg 3
ko] I — QL 1 ©
" I\TF“(/)TRM) 4.92E+12| 8.98E+11 : 5.82E+13 ) UC01R SAROZAC* 2 VANFOLROL) | L64E*12 367E+13 : 5.31E+12
2
_|
VANFO2R_SAROLAQO* 9
VANFO1R_SARO1A02* “g’
SouthAnna _ VANFO1R_HUDO1AQ4** ol _
; 3 VANFOIR_WLRO1B10*} 2 £ |south Anna Rive 3
S 7 — 3 1 T
a I\TF“(/);rROD 750E+12) 1388413 B 2138413 (0l 0m ot aoge 2 (VANFOZROL) | LAEEH12| T96E+1 B | 9.44E+12
= VANFOIR_CMPO1AL2* T3 o =
VANFO02R_SAR02A00*4 Sxl
VANFO2R_XIEO1A08*| ~ £=
= O
8
Taylors Creek 3 . 29 Taylors Creek 3
(VANFO3ROT) | 366E+10) 6.47E+11 S |6.83E+1] VANFO3R_TLRO1A00 g (VANFO3ROT) | LB9E*09 L89E+1] B | 191E+11
S
South Anna 3 . =
3 o 3
River 6.02E+12| 4.49E+13| © |5.09E+19 VARFD4R_SARO03A98* 2 |SouthAnnaRiVe 5 jor 193 13E419 B | 3.48E+13
(VARFO4R02) ) g (VARFO4R02) 5}
VARFO4R_SARO03B06* vy =
VARFO4R_STG01A06"| =5 & &
South Anna _ VANFO3R_SAR03A06™ S5 25 8 _
. 3 VANFO3R_FRK0O1A08*|N 2 3 8 @ | South Anna Rive 3
= < — 333 iT
a IEF“(;TRO ) 774E2 4426413 S |SIOENIY i oanrenor A on|S 3 33 O 5| (VARFO4ROL) L72E+12|298E413 S | 3.15E+13
= VANFOR_CUB01A0B™ |~ 25 S £ 5 ~
VANFO3R_OWNO1A04™ & S C B
VANFO3R_SARO1A06* 832

*  Segments were addressed in a pressty completed TMDL report.
**  Segments were nested with a previously completed TMDL report.
*** Segment was delisted prior to this report.
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Table ES 4 TMDL equations (annual E. coli bacteria loads (cfu/year)) from a previos TMDL report that will remain

unchanged.
Report Watershed WLA LA MOS TMDL Assessment Unit IDs
Bacteria Total Maximum Daily Load
Development for the Pamunkey Rive Newfound River 3
Basin (VARFO5R01) 2.89E+10 | 2.89E+12 3 2.92E+12 VARFO5R_NB01A00
(2006) 2
Bacteria Total Maximum Daily Load
Development for the Pamunkey Rive Totopotomoy Creek 3
Basin (VARF13R02) 2.62E+10 | 1.61E+12 3 1.64E+12 VARF13R_TPTO01A98
(2006, modified 2013) Q.

1 The WLA/LA in Totopotomoy Creek was modified in 2013 toragwmdate facility expansions, however there were no changes made to the equation in

this report.
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Implementation

The goal of the TMDL program is to establish a path that will lead to attainment of water

quality standards. The first step in this prodsst® develop TMDLs that will result in

meeting water quality standards. This report represents the first phase of that effort for

the impairments in the Pamunkey River Watershed. The next step will be development

of a TMDL implementation plan (IP), remad by Vi r gi ni ad s 1997 Wat e
Monitoring, Information and Restoration Act (WQMIRATYhe final step is to implement

the TMDL IPs and to monitor stream water quality to determine if water quality

standards are being attained.

Once a TMDL IP is deveped, VADEQ will take the plan to the State Water Control
Board (SWCB) for approval for implementing the pollutant allocations and reductions
contained in the TMDL.With successful completion of implementation plans, Virginia
begins the process of restagiimpaired waters and enhancing the value of this important

resource.

In some streams for which TMDLs have been developed, factors may prevent the stream
from attaining its designated usén order for a stream to be assigned, a new designated
use, or asubcategory of a use, the current designated use must be rentwedtate

must also demonstrate that attaining the designated use is not feasilolenation is
collected through a special study called a Use Attainability Analysis (UAA). AH site
speific criteria or designated use changes must be adopted by the SWCB as amendments
to the water quality standards regulations. During the regulatory process, watershed
stakeholders and other interested citizens as well as EPA will be able to providentomme

during this process.

Public Participation

During development of the TMDL for the impairments in the Pamunkey River Watershed
study areapublic involvement was encouraged through two first public meetings on
February 20, 2013 and February 21, 201&atSnow Branch Library in Spotsylvania,
Virginia, and at the Ashland Town Hall in Ashland, Virginia, respectively.. An

introduction of the agencies involved, an overview of the TMDL process, details of the

EXECUTIVE SUMMARY XXXVl
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pollutant sources, and the specific approachdaveloping the Pamunkey River
Watershed TMDLs were presented at the first of the public meeting. Public
understanding of and involvement in, the TMDL process was encouraged. Input from
this meeting was utilized in the development of the TMDL and imglr@anfidence in

the allocation scenarios. The model simulations and the TMDL load allocations were
presented during the final public meesrwgeld onFebruary 24, 2014 and February 26,
2014 There was a 3@ay public comment period after thpaiblication of the draft

document Written comments were addressed in the final document.
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1. INTRODUCTION

The Pamunkey River watershed has multiple segments impaired for violations of the
fecal bacteria standard and there have been TMDLs completed previouslgréssad
some of these issues. Specifically, a major portion of the Lake Anna watershed has
completed TMDLs to address bacteria impairments. In addition, the entire South Anna
River watershed was addressed through bacteria TMDL development as well akemultip
individual segments of the Pamunkey River watershed. Since the completion of those
studies, additional impaired segments have been identified.

The Virginia Department of Environmental Quality (VADEQ) has recently moved

towards a more cost effective appch to conducting TMDLs. The new approach is

called a TMDL watershed unit approach, where the TMDL is developed for a larger
geographic area containing the smaller-aabershed areas with impaired segments.

These large geographic units are hereinecdll a A TMDL watershed uni-t
consist of watersheds that formerly were the basis of TMDL projects. Using this
approach, TMDL watershed units are designed to provide TMDLSs that are cost effective,

while being scientifically defensibles well aeffectively implementable.

In an effort to consolidate TMDL efforts in the Pamunkey River watershed, and bring
this area into conformance with the current TMDL watershed unit approach for TMDL
development, this TMDL study combines the unaddressed bairtgréared segments
(Table 1.1) with some of the previous TMDL work. The combination of previous and
new TMDL development requires portions of previously completed TMDLs to be
superseded. This Pamunkey TMDL projidlows three main development paths, some
existing TMDL equations have been updated, while others superseded completely, and
still other newly addressed impairments have been modeled in consideration of the
overall drainage.Figure 1-1 shows the current study area, the upstream drainages that
have been addressed for bacterial impairments, the impaired segments in the study area
that have been addressed through previous TMDL work, and the impaired segments that

are addressed for the first time by this study.
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Impaired Segments
Previously Nested
TMDL Complete - Matadequin 2004
TMDL Complete - Mechumps 2004
TMDL Complete - Pamunkey 2006
NTMDL Needed

Water Bodies

Current Study Area
Lake Anna Watershed
South Anna River

Northeast Creek Totopotomoy Creek
Lake Anna K
H%dam Creek
Little Riv
Mill Creek
South Anna River l.f"& pauin Creek
Mechumps Creek Jacks Creek
Kersey Creekymp Creek @ &Major Tribs

Pollard CreTekt .t e
otopotomoy Cree :
P J g Harrison Creek

ek &
Matatlequin Creek "‘Rﬁ}key River
Black Creek

25 0 25 50 Miles

Figure 1-1  TMDL work in the current study area of the Pamunkey River
watershed.

The impairments in the Lake Anna watershed were addressed in the TMDL document
titled, Bacteria TMDL for York River Basin Orange, Louisa, Spotsylvania Counties,
Virginia (VADEQ, 2005). While the flow and bacteria contributed from the Lake Anna
drainage is considered in this study, the existing Lake Anna TMDLs remain unaffected.
Seveal additional impairments were addressed in the TMDL document tBlecteria

Total Maximum Daily Load Development for the Pamunkey River EB&Q, 2006).

and may be reviewed in Appendix D. With the exception of TotopoyoBreek, the
impaired segmas downstream of the South Anna watershed that were addressed by this
document will be superseded by the current study. Since the 2006 study, the
Totopotonoy Creek drainage has been significantly impacted by urban activity, as
compared to the remainintugly area, which has primarily rural and agricultural impacts.
As such, it could not be justifiably grouped with the remaining impairments. The
TMDLs of select impairments within the South Anna watershed were modified in August
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2013 to provide for approjte future growth. The details of the modification are

discussed in Chapter 5.

Two additional impairments were addressed in the documents Bieteria TMDL for
Matadequin Creek Hanover County, Virgiraad Bacteria TMDL for Mechumps Creek
Hanover Canty (DEQ, 2004), respectively. These TMDLs were developed by DEQ
using a load duration method. Incorporating these two impairments within the larger
study area (as a nested unit) provided greater consistency within the overall model than
incorporating tle results of the previous TMDLas well as more accurately determining

the TMDL loads than the initial load duration method coultherefore, both of these

TMDLs will be superseded by this document.

Table 1.2 shows the former TMDL equations that will be superseded by TMDL
equations, associated with the impaired TMDL unit, developed in this repable 1.3

shows previously developed TMDL equations and their associasagsanent unit IDs

that will be modified in thiseport. South Anna River bacteria TMDL segments were
remodeled and the revised equations demonstrated use attainment for the impaired
segment being addressedrable 1.4 shows previously developed TMDL equations

associated with the Pamunkey River watershed that will remain unchanged.

1.1 Regulations Background

The Clean Water Act (CWA) that became law in 1972 requires that all U.S. streams,
rivers, and lakes meet certaimmter quality standards. The CWA also requires that states
conduct monitoring to identify waters that are polluted or do not otherwise meet
standards. Through this required program, the state of Virginia has found that many
stream segments do not meéhts water quality standards for protection of the six
beneficial uses: recreation/swimming, aquatic life, wildlife, fish consumption, shellfish

consumption, and public water supply (drinking).

When streams fail t o me e tnthe tuaemtdSactiod 803(d)t he st
report as requiring a Total Maximum Daily LoABVIDL). Section 303(d) of the CWA
and the U.S. Environment al Protection Agenc)

Planning Regulation (40 CFR Part 130) ba#quire that statesdevelop a Total
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Maximum Daily Load(TMDL) for each pollutant. A TMDL is a "pollution budget" for a
stream; that is, it sets limits on the amount of pollution that a stream can tolerate and still
maintain water quality standards. In order to develop a IMDackground
concentrations, point source loadings, and nonpoint source loadings are considered. A

TMDL accounts for seasonal variations and must include a margin of safety (MOS).

Once a TMDL is developed and approved by EPA, measures must be taleslude
pollution | evels in the stream. Virginiaos
and Restoration Act (WQMIRA) states in section 624119:7 that thei Boar d s hal |
develop and implement a plan to achieve fully supporting status for impairedrwaito .

The TMDL Implementation Plan (IP) describes control measures, which can include the

use of better treatment technology and the installation of best management practices
(BMPs), which should be implemented in a staged procEssough the TMDL procss,

states establish watguality based controls to reduce pollution and meet water quality

standards.

1.2 Pamunkey River Watershed Characteristics

The Pamunkey River watershed (USGS Hydrologic Unit Code 02080106) is located in
Hanover, Louisa, King William,Caroline, Spotsylvania and New Kent Counties,
Virginia. This watershed is a part of the York River basin, which drains to the
Chesapeake Bay. The location of the watershed is showigime 1-2. The shaded
wateshed areas shown in the figued, Northeast Creek) are TMDL watershed units,
each of which receives a TMDL allocatioriThe drainage area flowing into the most

downstream impairment in this project is approximately 975,000 acres.

The Pamunkey River watshed is located within the level 1l Piedmont (45) and
Southeastern Plains (65), Level IV subgetdorthern Outer Piedmont (45f) and Rolling
Coastal Plain (65m), respectivelyThe Piedmont ecoregion is mostly wooded and
consists of irregular plains,worolling hills and shallow valleys. The geology is mostly
older metamorphic rock.The Southeastern Plains ecoregion has elevations from sea
level to 300 feet. The geology is primarily newer sedimentary rock. Stream flow is very

sluggish and stream liotns are sandy. Swampy stained water is common. The Level
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IV area which contains most of the Pamunkey River has a little more gradient and more

defined stream flow than streams further east.

(http://www.eoearth.org/article/Ecoregions_of Delaware%2C Maryland%2C_Pennsylva
nia%?2C_Virginia%2C_and_West Virginia_%28EPA%29

X 1 / . 8
County Boundary N

;E ; Road

/\/ Stream , W £
TMDL Watershed Unit B
[ Lower Pamunkey (Tidal)

[] Middle Pamunkey s

D Upper Pamunkey/North Anna River
=] Upper Little River I
] Northeast Creek

Orange

5 Miles

(%] r

Figure 1-2  Location of the Pamunkey River watershed.

As for the climatic conditions in the Pamunkey River watershed, during the period from
1948 to 2012 Richmond International Airport, Virginia (NCDC station# 447201)
received an average annual preeipon of 43.64 inches, with 56% of the precipitation
occurring during the May through October growing season (SERCC, 2012). Average
annual snowfall is 12.9 inches, with the highest snowfall occurring during January
(SERCC, 2012). The highest averagdydmperature of 88.9 occurs in July, while

the lowest average daily temperature of 27.8 °F occurs in January (SERCC, 2012).
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Land use in the study area was characterized using the National Land Cover Database
2006 (NLCD). The drainage area is predoanithy forest with woodlands covering
approximately 64% of the area. Water and wetlands account for an additional 13%,
while pasture/hay and crop land covers account for roughly 8% and 11% of the drainage
area, respectively. Developed, commercial, andebatand uses account for the

remainder of the study area, approximately 4%.

1.3 Pamunkey River Watershed Recreation Use Impairments

There are nineteen (19) different impaired streams in this study Rigrag 1-3 and

Table 1.1) including impairments on the Pamunkey River, Beaverdam Creek, Crump
Creek, Harrison Creek, Jacks Creek and Tributaries (including Mallory Creek, which was
split from Jacks and Tributaries in 2012), KarLCreek, Little River, Northeast Creek,

and Pollard Creek. The sections below describe all impairments. There are several
existing TMDLs that have been completed in the Pamunkey River watershed that will be
superceded by the TMDLs in this project. Tdieegments are listed Trable 1.2.

1.3.1 Beaverdam Creek (VAP-F11R_BDCO01A12)

Beaverdam Creek in Hanover County, VA flows southeast into the Little River.

Beaverdam Creek is listed as impaired from its headwateits tmnfluence with the
Little River (8.47 miles). It was initially listed in 2012 as impaired for not supporting the
recreation/swimming use. VADEQ monitoring at statieBBC000.05 showed a 44%

bacteria standard violation rate in the 2012 assessment.

1.3.2 Crump Creek (VAP-F12R_CRUO01A02)

Crump Creek, in Hanover County, flows east before its confluence with the Pamunkey

River.

Crump Creek from its headwaters to its mouth (10.08 miles) was listed as impaired on the
2012 303(d) list for not supporting thecreation/swimming use. VADEQ monitoring
stations 8CRU000.92, 8CRU005.61 and-&€RU008.30 had violation rates of 15% 25%

and 17% respectively in the 2012 assessment.
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1.3.3 Crump Creek Unnamed Tributary (VAP-F12R_XJC01A12)

Crump Creek Unnamed Tributary, in Haer County, flows southeast before its

confluence with the Crump Creek.

Crump Creek Unnamed Tributary from its headwaters to its confluence with Crump
Creek (1.79 miles) was listed as impaired on the 2008 303(d) list for not supporting the
recreation/swnming use. VADEQ monitoring station’8JC001.12 had a 42% violation

rate in the 2012 assessment.

1.3.4 Harrison Creek (VAP-F14R_HSNO1AOQ0)

Harrison Creek in King William County, VA flows south before its confluence with the

Pamunkey River.

This impaired segmergxtends upstream of a pond at Elsing Green downstream to the
nearest tributary (2.80 stream miles). VADEQ monitoring statiomtSR002.12, 8
HSNO002.43 and -BISN003.93 had a bacteria standard violation rates of 37%, 38% and

17% respectively in the 2012 assment.

1.3.5 Harrison Creek (VAP-F14E_HSNO1A12)

The tidal portion of Harrison Creek in King William County, flows southeast before its

confluence with the Pamunkey River.

The tidal portion of Harrison Creek is 0.05 square miles and is located at the riteh o
creek. It was listed as impaired on the 2012 303(d) list for not supporting the
recreation/swimming use. VADEQ monitoring statichi8N000.92 had a 33% bacteria

standard violation rate in the 2012 assessment.

1.3.6 Harrison Creek Unnamed Tributary (VAP-F14R_XJD01A12)

Harrison Creek Unnamed Tributary in King William County, VA flows east before its

confluence with Harrison Creek.

This impaired segment extends from its headwaters downstream to its confluence with
Harrison Creek (0.16 stream miles). VADEQ mitoring station 8XJD000.02 had a

bacteria standard violation rate of 50% in the 2012 assessment.
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1.3.7 Jacks Creek and Tributaries (VAP-F13R_JCKO01A98)

Jacks Creek in King William County, VA flows south before its confluence with the

Pamunkey River.

This impaied segment extends from its headwaters downstream to its confluence with
the Pamunkey River including major tribuatries (21.05 stream miles). VADEQ
monitoring station §KC004.15 had a bacteria standard violation rate of 18% in the 2012
assessment. The ainage for this segment includes Mallory Creek (VAP
F13R_MLYO01A12), which was split from Jacks and Tributaries in 2012.

1.3.8 Kersey Creek (VAP-F12R_KERO01A12)

Kersey Creek in Hanover County, VA flows east before its confluence with the Crump
Creek.

This impairedsegment extends from its headwaters downstream to its confluence with
Crump Creek (2.76 stream miles). VADEQ monitoring statieKER001.31 had a

bacteria standard violation rate of 25% in the 2012 assessment.

1.3.9 Upper Little River (VAN-F10R_LTLO1A02)

Little River in Louisa County, VA flows southeast before its confluence with the North

Anna River.

This impaired segment extends from its confluence with Hawkins Creek downstream to
its confluence with Locust Creek (4.01 stream miles). VADEQ monitoring station 8

LTLO30.55 had a bacteria standard violation rate of 23% in the 2012 assessment.

1.3.10 Lower Little River (VAP-F11R_LTL01BO08)

This impaired segment extends from its confluence with Locust Creek downstream to its
confluence with Beaverdam Creek (10.77 streamaniADEQ monitoring station -8
LTLO24.86 had a bacteria standard violation rate of 22% in the 2012 assessment.
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1.3.11 Mill Creek (VAP-FO9R_MLLO1A12)

Mill Creek in Caroline County, VA flows southwest before its confluence with the North

Anna River.

This impaired sgment extends from its headwaters downstream to its confluence with
the North Anna River (4.39 stream miles). VADEQ monitoring statidlL8001.19 had
a bacteria standard violation rate of 54% in the 2012 assessment.

1.3.12 Pamunkey River (VAP-F12R_PMKO01BO08)

Panmunkey River in Caroline, Hanover, King William and New Kent Counties, VA flows

southeast before its confluence with the York River.

This impaired segment extends from its headwaters downstream to its confluence with
Mechumps Creek (12.26 stream miles). V@ monitoring station - #MK082.34 had a
bacteria standard violation rate of 16% in the 2012 assessment.

1.3.13 Pamunkey River (VAP-F14E_PMKO02A00)

This impaired segment extends from Macon Creek downstream to river mile 34.25 (0.81
square miles). VADEQ monitoringtation 8PMK034.17 had a bacteria standard

violation rate of 13% in the 2012 assessment.

1.3.14 Pamunkey River (VAP-F14E_PMKO03A00)
This impaired segment consists of a mile radius around monitoring stafdK832.00

(0.38 square miles). VADEQ monitoring stati8fPMK034.17 had a bacteria standard
violation rate of 13% in the 2012 assessment.

1.3.15 Pamunkey River (VAP-F14E_PMKO04A00)

This impaired segment is one mile downstream -6IMiK032.00 and extends to the
downstream extent of tidal freshwater segment at approdimater mile 23.6 (2.44
square miles). VADEQ monitoring station-F8VK034.17 had a bacteria standard

violation rate of 13% in the 2012 assessment.
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1.3.16 Pamunkey River (VAP-F14E_PMKO01A98)

From Pampatike Landing to Macon Creek (0.30 square miles). VADEQ mogitorin
station 8PMK056.87 had a bacteria standard violation rate of 25% in the 2012

assessment.

1.3.17 Pamunkey River Unnamed Tributary (VAP-F13R_XDWO01A08)

Pamunkey River Unnamed Tributary in King William County, VA flows southwest

before its confluence with the Pankey River.

This impaired segment extends from its headwaters downstream to its confluence with
the Pamunkey River (5.51 stream miles). VADEQ monitoring stati¥®/000.67 had

a bacteria standard violation rate of 25% in the 2012 assessment.

1.3.18 Pamunkey River Unnamed Tributary (XDX to XDW) (VAP-
F13R_XDXO01A04)

Pamunkey River Unnamed Tributary (XDX) to (XDW) in King William County, VA

flows southwest before its confluence with an unnamed Pamunkey River Tributary

(XDW).

This impaired segment extends from its dveaters downstream to its confluence with a
Pamunkey River Tributary (XDW) (3.85 stream miles). VADEQ monitoring station 8
XDX000.38 had a bacteria standard violation rate of 25% in the 2012 assessment.

1.3.19 Pollard Creek (VAP-F12R_PLDO01A12)

Pollard Creek in Haover County, VA flows northeast before its confluence with the

Crump Creek.

This impaired segment extends from its headwaters downstream to its confluence with
Crump Creek (4.06 stream miles). VADEQ monitoring statieRL®001.73 had a
bacteria standardalation rate of 17% in the 2012 assessment.
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1.3.20 Northeast Creek (VAN-FO9R_NSTO01A08)

Northeast Creek in Spotsylvania County, VA flows sesdbitheast before its confluence
with the North Anna River.

The impaired segment begins at an Unnamed Tributary andhgestdownstream until

its confluence with the North Anna River (2.74 stream miles). VADEQ monitoring
station 8NST000.58 had a bacteria standard violation rate of 25% in the 2012 assessment
to list it as impaired on the 2012 303(d) list.
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Figure 1-3  Impaired segments that are not currently addressed by a TMDL in the Pamunkey River Watershed.
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Table 1.1

Impairments within the Pamunkey River Watershed addresseddr the first time in this study.

Stream Name Impairment(s) Il?;::ﬁl 2012 River Miles 2012 Listing Impairment Location Description
Impairment ID Contracted Yea? (Sq Miles) Violation% * P P
Beaverdam Creek : Fromthe headwaters to its confluence with the Littl
VAP-F11R_BDCO1A12 E. coli 2012 8.47 44 EC River.
Crump Creek ISEC
VAP-F12R_CRUO1A02 E. coli 2008 10.08 i? Eg From its headwaters to its mouth.
Crump Creek X-Trib. . . .
VAP-F12R_XJCO1A12 E. coli 2012 1.79 42 EC  From the headwaters to its confhwe with Crump Cree
. 37EC .
Harrison Creek E. coli 2008 280 38 EC Upstream of a pond at Elsing Green downstream to
VAP-F14R_HSNO1AO00 ' ' 17 EC nearest tributary.
Harrison Creek . . . . .
VAP-F14E_HSNO1A12 E. coli 2012 (0.05) 33 EC Tidal portion of Harrison Creedt its mouth.
Harrison Creek X-Trib. : From its headwaters to its confluence with Harriso
VAP-F14R_XJDO1A12 E. coli 2012 0.16 SOEC Creek.
Jacks Creek & Tribs. . . .
VAP-F13R_JCK01A98 E. coli 2008 21.05 1gECc  1OM s headwaters downstieamits confluence with
VAP-F13R_MLY01A12? y :
Kersey Creek , From its headwaters downstream to its confluence \
VAP-F12R_KERO1A12 E. coli 2012 2.76 25 EC Crump Creek.
Upper Little River . From its confluence with Havitks Creek downstream 1
VAN-F10R_LTLO1A02 E. coli 2006 4.01 23EC its confluence with Locust Creek.
Lower Little River , From its confluence with Locust Creek downstream t
VAP-F11R_LTLO1B08 E. coli 2008 10.77 25 EC confluence with Beaverdam Creek.
Mill Creek E coli 2012 4.3 54 EC From its headwaters downstream to its confluence \

VAP-FO9R_MLLO1A12

the North Anna River.

1 EC- Based on the instantanedtscoli standard of 235 cfu/200ml.
2 Mallory Creek in its entirety was split from Jacks and Tribs in 2012
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Table 1.1 Impairments within the Pamunkey River Watershed included in this study(cont.).
Stream Name Impairment(s) Il?;::ﬁl 2012 River Miles 2012 Listing Impairment Location Description
Impairment ID Contracted Yea? (Sq Miles) Violation% P P
Pamunkey River , From its headwaters downstream to its confluence \
VAP-F12R_PMKO01B08 E. coli 2008 12.26 16 EC Mechumps Creek.
Pamunkey River : . : .
VAP-F14E_PMK02A00 E. coli 2010 (0.81) 13 EC From Macon Creek downstream to river mile 34.2¢
Pamunkey River . A one mile radius around VADEQ monitoring station
VAP-F14E_PMKO03A00 E. cdi 2010 (0.38) 13EC PMKO032.00.

Pamunkey River One mile downstream ofBMKO032.00 and extends t
VAP-E14E PMKO4A00 E. coli 2010 (2.44) 13 EC the downstream (_axtent of tidal freshwater segment
— approximaely river mile 23.6.

Pamunkey River . . .
VAP-F13E_PMKO01A98 E. coli 2008 (0.30) 25 EC From Pampatike Landing to Macon Creek.
Pamunkey River X-Trib. . From its headwaters downstream to its confluence \
VAP-F13R_XDWO01A08 E. coll 2012 551 25EC the Pamunkey Rer.

X—Tr!b Pamunkey River . From its headwaters downstream to its confluence \
X-Trib E. coli 2012 3.85 25 EC Pamunkey Tributary (XDW)
VAP-F13R_XDX01A04 y y :

Pollard Creek . From its headwaters downstream to its aagrice with
VAP-F12R_PLDO01A12 E. coll 2012 4.06 17EC Crump Creek.

Northeast Creek E coli 2006 274 o5 EC From an XTrib downstream to the North Anna Rive

VAN-FO9R_NSTO01A08

confluence.

EC - Based on the instantanedtiscoli standard of 235 cfu/100ml.
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Table 1.2 Former TMDL equations (annual E. coli bacteria loads- cfu/year) that will be superseded by TMDL equations
developed in this report.

2014 Pamunkey River Watershed TMDL

Previous TMDL Equation (cfu/yr)

Assessment UnhIDs addressed K

Impaired TMDL Unii 2014 TMDL Report Watershed WLA LA MOS TMDL
VANFO9R_NSTO01A08 . .
VANFEO9R NSTO3A0S** B_actena Total Maximum
Northeast Creek VANFOOR_NST04A08* Dﬂg;;iiﬂf:;’iiov‘g"gr:; '\é{’/f;eFaong%rf)ek 2.30E+10 | 2.30E+12 | Implicit | 2.32E+12
VANFO9R_MUSO01A06**
VANFO9R_NSTO02A98*** (2006)
VARF11R_BDCO01A12
Upper Little River VANF10R_LTLO1A02 N/A - - - - -
VARF11R_LTLO1B08
Upper Pamunkey VARF12R_PMKO01B08 N/A i i i i i
River/North Anna VARFO9R_MLLO1A12
VARF12R_CRUOQ1AQ02
VARF12R_XJCO01A12
. VARF12R_KERO01A12 Bacteria TMDL for
Middle Panunkey VARF12R_PLDO1A12 | Mechumps Creek Hanovd MEChUmps Creek|  noe 15 | 2 9gE+13 | Implicit | 3.08E+13

River

VARF12R_MCPO3A06**
VARF12R_XEGO1A06**
VARF12R_MCPO0O1A94*

County (2004)

(VARF12R02)

Segments in bold are impaired segments being addressed by a TMDL for the first time in this report.
*  Segments with a previously completed TMDL equation, which is being superceded by the TMDL equation in this report.
**  Segments were nested with previously completed TMDL, which is superceded by the TMDL equation in this report.
*** Segments were delisted prior to this report, however they had a previously completed TMDL equation that is being supgrted&MbL equation in

this report.
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Table 1.2

Former TMDL equations (annual E. coli bacteria loads- cfu/year) that will be superseded by TMDL equations
developed in this report. (cont.)

2014 Pamunkey River Watershed TMDL

Previous TMDL Equation (cfuly

Assessment Unit IDs addressed

VARF14E_PMKO02A00
VARF14E_PMKO03A00

VARF13R_XDWO01AO08
VARF1R_XDX01A04

Impaired TMDL Uni 2014 TMDL Report Watershed WLA LA MOS TMDL
Bacteria Total Maximum
Daily Load Development fiMonquin/Webb Cree -
*
VARF13R_MNQO01A98 the Pamunkey River Basi (VARF13R04) 8.71E+10| 1.81E+11 | Implicit | 2.68E+11
(2006)
VARF13E PMKOLA9S* Bacteria Total Maximum
VARF13E_PMKO2Agg+ | Daly Load Developmentfl Pamunkey River | , yqr 151 7 99E114 | Implicit | 7.47E+14
VARF13E PMKO3A06* the Pamunkey River Basi (VARF13E02)
- (2006, modified 2013)
Bacteria Total Maximum
Lower Pamunkey w« |Daily Load Development f Black Creek -
River VARF13R_BLCO01A00 the Pamunkey River Basi (VAPF13R05) 1.26E+10| 1.26E+12 | Implicit | 1.27E+12
(2006)
Bacteria TMDL for Matadeauin Creek
VARF13R_MDQO0O1A98* Matadequin Creek Hanovg 9 0 3.16E+13 | Implicit | 3.16E+13
L (VARF13R01)
Caunty, Virginia (2004)
VARF14R_XJD01A12 VARF14E_PMKO04A00
VARF14R_HSNO1A00 VARF13R_JCKO01A98
VARF14E_HSNO1A12 VARF13R_MLY01A12 N/A

Segments in bold are impaired segments being addressed by a TMDL for the first time in this report.
*  Segments with a previously completed TMDL equation, which is being superceded by the TMDL equation in this report.
**  Segments wereested with a previously completed TMDL, which is superceded by the TMDL equation in this report.
*** Segments were delisted prior to this report, however they had a previously completed TMDL equation that is being supsrcedédMbL equation in

this report.
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Table 1.3

in this report.

TMDL equations (annual E. coli bacteria loads (cfu/year)) from a previous TMDL report that will be modified

2014 Pamunkey River Watershed TMDL

Previous TMDL Equation (cfu/yr)

Assessment Unit IDs

Watershed addressed by 2014 TMDI Report Watershed WLA LA MOS | TMDL
South Anna
South Anna River VANFO1R_SAR02B10* River -
(VANFO1R01) VANFOIR_SAR02A02* (VANFO1R 1.64E+12 3.67E+12 Implicit | 5.31E+12
01)
VANF02R_SARO01A00*
VANFO1R_SARO01A02**
VANFO1R_HUDO1AQ04** South Anna
South Anna River VANFO1R_WLRO01B10*¥ Bacteria Total Maximum Daily Load River .
(VANFO2R01) VANFO1R_WLRO1AQ4** Development for the (VANFO2R | 1A8E+12 7.96E+12 Implicit| 9.44E+12
VANFO1R_CMPO1A12** Pamunkey River Basin 01)
VANF02R_SAR02A00** (2006)
VANFO2R_XIEO01A08**
Taylors Creek Taylors Cree
Y VANFO3R_TLRO1AQQ*** (VANFO3R | 1.89E+09 1.89E+11| Implicit | 1.91E+11
(VANFO3RO01) 01)
South Anna River South Anna
(VARFO4R02) VARFO4R_SAR03A98* River 3.486-12| 3.13E+13 Implicit | 3.48E+13
(VARF04R02)
VARFO4R_SARO03B06*
VARFO4R_STGO01A06**
VANFO3R_SARO3A06** Bacteria Total Maximum Daily Load South Anna
South Anna River VANFO3R_FRKO1A08** Development for the . .
(VARFO4R01) VANFO3R_DEPO1A12%* Pamunkey River Basin v AI:;:I\(;Z:QOD 1.728+12 2.98E+13 Implicit| 3.15E+13

VANFO3R_CUBO1A08**
VANFO3R_OWNO1A04*}

VANFO3R_SAR01A06**

(2006, modified 2008)

*  Segments were addressed in a previously completed TMDL report.
**  Segments were nested with a previously completed TMipbnt.
*** Segment was delisted prior to this report.
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Table 1.4 TMDL equations (annual E. coli bacteria loads (cfu/year)) from a previous TMDL report that will remain

unchanged.
Report Watershed WLA LA MOS TMDL | Assessment Unit IDs
Bacteria Total Maximum Dai
Load Development for the Newfound River ) - )
Pamunkey River Basin (VARFO5RO1) 2.89E+1(2.89E+1Z Implicit |2.92E+17 VARFO5R_NFDO1AO(
(2006)
Bacteria Total Maximum Dai
Load Development for the| Totopotomoy Creek y - ]
PamunkeyRiver Basin (VARF13R02) 2.62E+1(1.61E+1Z Implicit |1.64E+17 VARF13R_TPTO01A9¢
(2006, modified 2013)

1 The WLAJ/LA in Totopotomoy Creek was modified in 2013 to accommodate facility expansions, however there were no changethenagieation in

this report.
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2. TMDL ENDPOINT AND WATER QUALITY ASSESSMENT

2.1 Applicable Water Quality Standards

According to Virginia Water Quality Standard 9 VAC-2605, t he term o6wat er
standards®é means " éprovi si oistofaddsignatedausee or f «
or uses for the waters of the Commonwealth and water quality criteria for such waters

based upon such uses. Water quality standards are to protect the public health or welfare,
enhance the quality of water and serve the purpostee dtate Water Control Law and

the federal Clean Water Act".

Virginia state law 9 VAC 226010 (Designation of uses) states:

A. All state waters, including wetlands, are designated for the following uses:
recreational uses, e.g., swimming and boatinge tpropagation and
growth of a balanced, indigenous population of aquatic life, including
game fish, which might reasonably be expected to inhabit them; wildlife;
and the production of edible and marketable natural resources, e.g., fish
and shellfish.

§

E. At a minimum, uses are deemed attainable if they can be achieved by the
imposition of effluent limits required under 88 301(b)(1)(A) and (B) and
306 of the Clean Water Act and cedtective and reasonable best
management practices for nonpoint sourcetoal.

§

H. The [State Water Quality Control] Board may remove a designated use
which is not an existing use, or establish subcategories of a use, if the
board can demonstrate that attaining the designated use is not feasible
because:

1. Naturally occurring pllutant concentrations prevent the attainment of the
use;

2. Natural, ephemeral, intermittent or low flow conditions or water levels
prevent the attainment of the use unless these conditions may be
compensated for by the discharge of sufficient volume dfeetf
discharges without violating state water conservation requirements to
enable uses to be met;

TMDL ENDPOINT AND WATER QUALITY ASSESSMENT 2-1
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3. Human caused conditions or sources of pollution prevent the attainment of
the use and cannot be remedied or would cause more environmental
damage to corredhan to leave in place;

4. Dams, diversions or other types of hydrologic modifications preclude the
attainment of the use, and it is not feasible to restore the water body to its
original condition or to operate such modification in a way that would
result inthe attainment of the use;

5. Physical conditions related to the natural features of the water body, such
as the lack of a proper substrate, cover, flow, depth, pools, riffles, and the
like, unrelated to water quality, preclude attainment of aquatic life
protection uses; or

6. Controls more stringent than those required by §8 301(b) and 306 of the
Clean Water Act would result in substantial and widespread economic and
social impact.

|. The board may not remove designated uses if:

1. They are existing uses, unlessisge requiring more stringent criteria is
added; or

2. Such uses will be attained by implementing effluent limits required under
88 301(b)(1)(A) and (B) and 306 of the Clean Water Act and by
implementing costffective and reasonable best management pradices
nonpoint source control.

A

Virginiabs curr en E. cdianddnterococaids basterial indicatord. u s e s

E. coli and enterococciare both bacteriological organisms that can be found in the

intestinal tract of warablooded animals; theris a strong correlation between these and

the incidence of gastrointestinal illness. Like fecal coliform bacteria, these organisms
indicate the presence of fecal contaminatio
guality standard in fresh water fowisnming/recreational use was based on fecal

coliform rather tharE. coli. The change was based on EPAOGSs r
statesadopt ark. coli or enterococcstandard for fresh water aedterococckriteria for

marine waters by 2003. The EPArpued the states' adoption of these standards because

there is a stronger correlation between the concentration of these orgdbissob §nd

enterococagi and the incidence of gastrointestinal illness than with fecal coliform.

Virginiaos accwutlines mSectom 9 VA€ 220470 and read as follows:

2-2 TMDL ENDPOINT AND WATER QUALITY ASSESSMENT
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A. The following bacteria criteria (colony forming units (CFU)/100 ml) shall
apply to protect primary contact recreational uses in surface waters,
except waters identified in subsection B @ #ection:

E.coli bacteria shall not exceed a monthly geometric mean of 126
CFU/100 ml in freshwater.

Enterococci bacteria shall not exceed a monthly geometric mean of 35
CFU/100 ml in transition and saltwater.

1. See 9VAC2260140 C for boundary delineatis for freshwater,
transition and saltwater.

2. Geometric means shall be calculated using all data collected during any
calendar month with a minimum of four weekly samples.

3. If there are insufficient data to calculate monthly geometric means in
freshwater, nomore than 10% of the total samples in the assessment
period shall exceed 235 E.coli CFU/100 ml .

4. If there are insufficient data to calculate monthly geometric means in
transition and saltwater, no more than 10% of the total samples in the
assessment pedashall exceed enterococci 104 CFU/100 ml.

5. For beach advisories or closures, a single sample maximum of 235 E.coli
CFU/100 ml in freshwater and a single sample maximum of 104
enterococci CFU/100 ml in saltwater and transition zones shall apply.

2.2 Selection of a TMDL Endpoint

An important step in developing a TMDL is the establishment eftisam numeric

endpoints, which are used to evaluate the attainment of acceptable water quality. In

stream numeric endpoints, therefore, represent the water quality thatlare to be

achieved by implementing the load reductions specified in the TMDL. For the bacteria
impairments in the Pamunkey River and Tributaries watershed, the applicable endpoints

and associated target values can be determined directly from theid/wgter quality

regul ations. I n order to remove a waterbod

Clean Water Act requires compliance with tha

For the purpose of this TMDL, VADEQ interprets the bacteria standardequiring
compliance with both the geometntean (monthly) criterion and the singlample

(instantaneous) criterion. Since all of the water bodies in question are freshtinater

TMDL ENDPOINT AND WATER QUALITY ASSESSMENT 2-3
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streamE. coli targets for the TMDLs in this study web®th montHy geometric means
not exceeding 126 cfu/100 ml and more than 10% exceedance of the 235 cfu/100 mL

singlesample criterion

2.3 Discussion of In-stream Water Quality

This section provides an inventory and analysis of available obsenatdam fecal
bacteria monitoring data in the Pamunkey River Watershed. An examination of data
from water quality stations used in the 303(d) assessment was performed. Sources of

data and pertinent results are discussed.

2.3.1 Inventory of Water Quality Monitoring Data

The gimary source of available water quality information wastbria enumerations
from seventy nine (79) VADEQ istream monitoring stations with datem March
2003 to August 2012

2.3.1.1 VADEQ Water Quality Monitoring for TMDL Assessment

Data from instream watesamples, collected at VADEQ monitoring stations from March
2003 to August 2012, were analyzed Eocoli (Table 2.1) andEnterococci(Table 2.2).
Samples were taken fohd express purpose of determining compliance with the state
instantaneous bacteria standards. Information in the tables is arranged in alphabetical
order by stream name then from downstream to upstream station location. VADEQ
water quality monitoring steons used for listing the impaired segments are shown in

Figure 2-1.

Table 2.2 is shown for informational purposes only because the impaired segments are

were all listedor E. coli.
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> ¥ v
B DEQ Listing Station

N Impaired Water
Road
A w .

TMDL Watershed Unit

[ Lower Pamunkey (Tidal) §

[] Middle Pamunkey

[ Upper Pamunkey/North Anna River A
] Upper Little River

] Northeast Creek

5 0 5 Miles
*

Figure 2-1  Location of impairment listing VADEQ water quality monitoring
stations in the Pamunkey River Watershed, and the impaired
waters being addressed for the first time in this study.
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Table 2.1 Summary of E. coli (cfu/100mL) data collected by VADEQ from March 2003" August 2012.

Stream Station Date Count Minimum Maximum Mean Median gg\‘/?gﬁéﬂ Violation* %
Acquinton Creek  8-ACQO001.35 1/11-10/11 10 100 300 160 100 96.61 30.00%
Acquinton Creek  8-ACQ004.43 1/11-10/11 9 100 200 111 100 33.33 0.00%
Acquinton Creek  8-ACQO008.01 1/11-10/11 9 100 400 133 100 100 11.10%
Arnolds Creek 8-ARNO000.73  8/04-7/05 12 10 260 47 25 69.98 8.3%
Beaverdam Creek 8-BDC000.05* 2/09-11/10 9 50 2,000 472 200 641.34 44.40%
Black Creek 8-BLC001.77  7/03-3/05 23 10 370 69 50 78.34 4.30%
Black Creek 8-BLC005.54 4/09 1 10 10 10 NA NA 0.00%
Cohoke Mill Creek 8-CMCO005.16 2/07-12/08 12 23 800 139 100 210.74 8.30%
Crump Creek 8-CRU000.92* 6/05-12/10 33 13 8,000 369 100 1,379.28 15.20%
Crump Creek 8-CRU005.61 1/10-12/10 12 25 2,000 290 120 549.25 25.00%
Crump Creek 8-CRU008.30 1/05-12/10 12 25 2,000 264 75 559.53 16.70%
Harrison Creek 8-HSN000.92  4/10-3/11 12 100 800 225 100 226.13 25.00%
Harrison Creek 8-HSN002.12* 5/05-3/11 22 25 1,400 306 100 414.36 31.80%
Harrison Creek 8-HSN002.43  4/10-3/11 12 100 1,300 250 100 345.1 25.00%
Harrison Creek 8-HSN003.93  4/10-9/11 15 100 400 180 100 126.49 26.70%
Hornquarter Creek 8-HQT002.12 7/03- 6/04 12 10 180 54 35 57.44 0.00%
Jacks Creek 8-JKC004.15* 7/03-10/11 32 20 1,200 165 100 233.43 21.90%
Jacks Creek 8-JKC005.80 1/11-10/11 9 100 1,200 256 100 367.8 22.20%
Jacks Creek 8-JKC007.95 1/11-10/11 10 100 200 120 100 42.16 0.00%
Kersey Creek 8-KER001.31* 1/10-12/10 12 25 550 177 110 191.68 25.00%
Little River 8-LTL002.69  7/03-9/11 16 25 700 105 25 178 12.50%
Little River 8-LTL009.54 7/03-10/11 113 3 1,200 116 50 202.41 8.80%
Littl e River 8-LTL018.80 2/09-11/10 12 25 950 184 100 266.73 25.00%
Little River 8-LTL024.86* 6/05-10/11 24 25 650 141 50 188.04 20.80%

" Listing station shown in Figure 2.1.
! Based on the current instantane&usoli standard of 235 cfu/200mL. NANot Applicable

wswdojana@g 1AINL
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" Listing station shown in Figure 2.1.
! Based on the current instantane&usoli standard of 235 cfu/200mL. NANot Applicable

Table 2.1 Summary of E. coli (cfu/100mL) data collected by VADEQ from March 2003 August 2012 (cont.).
Stream Station Date Count Minimum Maximum Mean Median gtee:/?gg‘éﬂ Violation® %

Little River 8-LTL030.55*  3/03-7/12 50 25 2,000 218 63 449.75 30.0%
Locust Creek 8-LOC002.00 3/07 1 10 10 10 NA NA 0.00%
Long Creek 8-LNG000.94  2/11-8/12 10 25 1,750 370 175 540.81 40.0%
Mallory Creek 8-MLY001.58 1/11-10/11 10 100 500 190 100 137.03 30.00%
Matadequin Creek 8-MDQO001.37 11/02-12/10 14 1 4,100 655 110 1,212.03 35.70%
Mechumps Creek  8-MCP002.42 11/02-11/08 14 1 2,400 306 100 613.72 35.70%
Mechumps Creek  8-MCP009.56  1/07-9/08 11 8 500 170 100 174.56 27.30%
Mehixen Creek 8-MHX000.27 5/10 1 140 140 140 NA NA 0.00%
Mill Creek 8-MCR001.64 1/07-11/08 12 3 100 77 100 42.57 0.00%
Mill Creek 8-MLL001.19* 2/09-11/10 13 25 3,400 915 500 1,016.50 53.80%
Moncuin Creek 8-MNQO04.19  7/03- 3/05 23 10 400 119 75 113.2 17.40%
Music Branch 8-MUS000.57  8/04- 7/05 12 10 360 101 55 110.82 16.7%

Newfound River 8-NFD002.26  6/05-9/11 15 25 750 208 100 219.91 40.00%
North Anna River  8-NAR005.42  7/03-9/11 62 8 950 95 25 151.9 9.70%
North Anna River 8-NARO025.28 4/05 1 10 10 10 NA NA 0.00%
Northeast Creek 8-NST000.58*  8/04-7/05 12 10 510 139 40 182.73 25.0%
Northeast Creek 8-NST003.46  8/04-8/12 40 10 520 94 48 112.52 12.5%
Northeast Creek 8-NST007.84  8/04- 7/05 12 10 340 93 55 113.80 16.7%
Northeast Creek 8-NST011.60 1/09-12/10 11 25 1,100 211 50 344.80 27.3%
Northeast Creek 8-NST011.67 8/04- 7/05 12 10 380 83 40 111.04 8.3%

Pamunkey River  8-PMK034.17* 7/04-10/11 86 25 900 105 75 140.88 10.50%
Pamunkey River 8-PMK034.37 7/08 1 10 10 10 NA NA 0.00%
Pamunkey River 8-PMK039.74  7/03-10/11 23 25 850 92 50 170.61 4.30%
Pamunkey Rrer 8-PMK044.64 1/11-10/11 10 25 100 45 25 30.73 0.00%

JawdodAag JanL
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to Jacks Creek

" Listing station shown in Figure 2.1.
!Based on the current instantane&usoli standard of 235 cfu/200mL. NANot Applicable

Table 2.1 Summary of E. coli (cfu/100mL) data collected by VADE(rom March 20037 August 2012 (cont.).

Stream Station Date Count Minimum Maximum Mean Median gtee:/?gg‘éﬂ Violation! %
Pamunkey River  8-PMK048.80 8/03-10/11 47 10 1,900 183 75 329.87 17.00%
Pamunkey River ~ 8-PMK056.87* 8/03-10/11 51 10 2,000 206 100 347.73 19.60%
Pamunkey River ~ 8PMK072.34 7/03-10/11 21 25 250 65 50 51.52 4.80%
Pamunkey River ~ 8-PMKO077.53 3/06 1 20 20 20 NA NA 0.00%
Pamunkey River ~ 8-PMK082.34* 12/05-10/11 35 14 650 103 50 126.67 14.30%
Pamunkey River ~ 8-PMK092.12 6/10 1 60 60 60 NA NA 0.00%
Pollard Creek 8-PLD001.73* 1/10-12/10 12 25 2,000 279 110 555.09 16.70%
South Anna River  8-SAR001.11  7/03-9/11 51 8 3,600 244 100 582.3 17.60%
South Anna River  8-SAR012.42  7/03- 6/04 12 10 300 100 40 108.04 25.00%
South Anna Rive  8-SAR014.47  7/03- 3/05 11 25 100 52 50 28.4 0.00%
South Anna River  8-SAR021.22  11/03-9/11 6 25 625 276 241 233.36 50.00%
Southern Branch ~ 8-SOB000.15 4/05 1 50 50 50 NA NA 0.00%
Stagg Creek 8-STG000.73 3/09 1 20 20 20 NA NA 0.00%
Stagg Creek 8-STGMW1.00  7/03- 6/04 12 10 800 273 150 279.17 41.70%
Stagg Creek 8-STG005.46  9/04- 7/05 11 10 550 240 270 220.95 54.50%
Stone Horse Creek 8-SHC001.59 3/10 1 310 310 310 NA NA 100.00%
E?;Zﬁ’ftomoy 8TPT004.37 8/03-12/08 13 18 5600 544 100 1,524.01 15.40%
Unnamed tributary i . i o
o Crump Creek ~ 8XJC00L12*  1/10-12/10 12 25 2,000 356 220 539.7 41.70%
Unnamed tributary g v 5000 0o 4/10-4/11 12 100 1300 342 100 391.87 33.30%
to Harrison Creek
Unnamed tributary g v \v000.42  1/11- 10/11 9 100 1,000 244 100 300.46 22.20%

wswdojana@g 1AINL
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Table 2.1 Summary of E. coli (cfu/100mL) data collected by VADEQ from March 2003 August 2012 (cont.).

Stream Station Date Count Minimum Maximum Mean Median Star_ldgrd Violation® %
Deviation

Unnamed Tributary tc 8-XJE000.48 4/11 1 10 10 10 NA NA 0.0%
Locust Creek
Unnamed Tributary tc 9
Mechumps Creek 8-XEG000.06 1/07-11/08 12 2 5900 656 100 1,660.62 33.30%
Unnamed Tributary t¢ ¢ y,\000.89  8/04-7/05 12 10 420 53 10 116.57 8.3%
Music Branch
unnamed Tributary tc g 11700015 8/04-7/05 12 10 220 63 45 63.44 0.0%
Northeast Creek
Unnamed Tributary tc g 3e600 27 6/11 1 20 20 20 NA NA 0.0%
Northeast Creek
Unnamed tributary to 8-XIM000 53 3/08 1 20 20 20 NA NA 0.00%
the North Anna River
Unnamed tributary to " 0
the Pamunkey River &XDW000.67*  1/09-12/09 12 100 400 150 100 100 16.70%
unnamed tributary to g y ny000.38*  1/09-12/09 12 100 500 217 200 146.68 25.00%

the Pamunkey River

" Listing station shown in Figure 2.1.
!Based on the current instantane&usgoli standard of 235 cfu/100mL. NANot Applicable
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Table 2.2 Summary of Enterococci(cfu/100mL) data collected by VADEQ from March 2003/ June 2011.
Stream Station Date Count  Minimum  Maximum Mean Median Standgrd
Deviation
Arnolds Creek 8-ARNO000.73  8/04- 7/05 12 10 640 211 170 199.66
Black Creek 8-BLC001.77 7/03-6/04 12 10 280 110 90 83.88
Harrison Creek 8-HSN000.92* 4/10-5/10 2 25 25 25 NA 0
Hornquarter Creek 8-HQT002.12 7/03- 6/04 12 10 710 173 130 191.42
Jacks Creek 8-JKC004.15 7/03-6/04 12 10 800 258 75 302.23
Little River 8-LTL009.54  7/03-5/04 6 30 270 115 80 89.39
Littl e River 8-LTL030.55  3/03-5/03 2 250 590 420 NA 240.42
Little Rocky Creek 8-LRK000.11 4/08 1 800 800 800 NA NA
Locust Creek 8-BLC005.54 4/09 1 10 10 10 NA NA
Locust Creek 8-LOC001.31 4/04 1 50 50 50 NA NA
Locust Creek 8-LOC002.00 3/07 1 60 60 60 NA NA
Mehixen Creek 8-MHX000.27 5/10 1 290 290 290 NA NA
Moncuin Creek 8-MNQO004.19 7/03-6/04 12 10 800 309 175 317.22
Music Branch 8-MUS000.57 8/04-7/05 12 10 800 311 165 300.98
North Anna River  8-NAR005.42 7/03-5/04 6 10 460 118 50 171.16
North AnnaRiver 8-NAR025.28 4/05 1 10 10 10 NA NA
Northeast Creek 8-NST003.46 2/05-5/05 4 50 160 88 70 51.88
Northeast Creek 8-NST007.84 8/04- 7/05 12 30 790 310 235 266.97
Northeast Creek 8-NST011.67 8/04-7/05 12 10 800 283 140 294.62
Pamunkey River 8-PMK034.37 7/08 1 40 40 40 NA NA
Pamunkey River 8-PMK048.80 8/03- 6/04 6 10 150 77 65 57.15
Pamunkey River  8-PMKO056.87* 8/03- 6/04 6 20 200 87 75 68.02
Pamunkey River 8-PMKO077.53 3/06 1 10 10 10 NA NA
Pamunkey River 8-PMK092.12 6/10 1 60 60 60 NA NA
Souh Anna River  8-SAR001.11  7/03-5/04 6 30 340 157 130 127.07

Table shown for informational purposes only. NAlot Applicable
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T1-C

Table 2.3 Summary of Enterococci(cfu/100mL) data collected by VADEQ from March20031 June 2011 (cont.).
Stream Station Date Count Minimum Maximum Mean Median Star_ldgrd
Deviation
South Anna River 8-SAR012.42 7/03-6/04 12 10 800 438 425 317.2
Southern Branch 8-SOB000.15 4/06 1 30 30 30 NA NA
Stagg Creek 8-STG000.73 3/09 1 60 60 60 NA NA
Stagg Creek 8-STG001.00  7/03- 6/04 12 10 800 405 340 299.2
Stagg Creek 8-STG005.46  9/04- 7/05 11 10 800 434 310 331.19
Stone Horse Creek 8-SHC001.59 3/10 1 180 180 180 NA NA
Unnamed Tributary 10 g 3009 48 411 1 10 10 10 NA NA
Locust Creek
Unnamed Tributary 10 g v1a000.80  8/04- 7/05 12 20 800 242 145 283.80
Music Branch
Unnamed Tributary 0 g .\ \>000.15  g/04- 7/05 12 20 550 186 130 186.23
Northeast Creek
Unnamed Tributary 0 g » 50 27 6/11 1 290 290 290 NA NA
Northeast Creek
Unnamed tibutary to
o Mot Anna Biver | &XIM000.53 3/08 1 10 10 10 NA NA
Unnamed tributary 0 ¢ v 5\v000.67  1/09-12/09 12 25 1300 350 200  430.87

the Pamunkey River

Table shown for informational purposes only. NAot Applicable
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3. BACTERIA SOURCE ASSESSMENT

The TMDL development described in this report includes examination of all potential
sources of fecal bacteria in the Pamunkey River and tributaries watershed study area.
The source assessment was used as the dfasiodel development and ultimate analysis

of TMDL allocation options. In evaluation of the sources, loads were characterized by
the best available information, landowner and citizen input, literature values, and local
management agencies. This sectidocuments the available information and
interpretation for the analysis. The source assessment chapter is organized into point and
nonpoint sections. The representation of the following sources in the model is discussed
in Appendix B To adequately repsent the spatial variation in the watershed, the
Pamunkey River Watershed drainage area was divided fotty seven (47)
subwatershedd-{gure 3-1). The subwatersheds are numbered from 1 to 51, however,
four numbers are skippedver, leaving a total of 47 subwatersheds assessed in this study
for sources of bacteria. The four numbers skipped were 14, 20, 29, and 32. Three of
these numbers represented the Lake Anna, South Anna, and Totopstdmwatersheds,

which were not ranodeled for this study. Additionally, subwatershed 29 was merged
with subwatershed 9 during the model development process and no longerTabsts (

3.1). Source assessment is conducted on subwatbrievel where estimates of all
potential pollutants are generated for each individual subwatershed.

Table 3.1 Subwatersheds with their associated TMDL watershed unit.

Subwatershed # TMDL Watershed Unit Notes
1 Lower Pamunkey River
2 Lower Pamunkey River
3 Lower Pamunkey River
4 Lower Pamunkey River
5 Lower Pamunkey River
6 Lower Pamunkey River
7 Lower Pamunkey River
8 Lower Pamunkey River
9 Lower Pamunkey River
10 Lower Pamunkey River
11 Middle Pamunkey River
12 Middle Pamunkey River

BACTERIA SOURCE ASSESMENT 31
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Table 3-1 Subwatersheds with their associated TMDL watershed unit (cont.).

Subwatershed # TMDL Watershed Unit Notes
13 Upper Pamunkey River/ North Anna Rive
14 South Anna River Existing TMDL
15 Upper Pamunkey River/ North Anna Rive
16 Upper Pamunkey River/ North Anna Rive
17 Upper Pamunkey River/ North Anna Rive
18 Upper Pamunkey River/ North Anna Rive
19 Upper Pamunkey River/ North Anna Rive
20 Lake Anna Existing TMDL
21 Lower Pamunkey River
22 Lower Pamunkey River
23 Lower Pamunkey River
24 Lower Pamunkey River
25 Lower Pamunkey River
26 Lower Pamunkey River
27 Lower Pamunkey River
28 Lower Pamunkey River
combined with
29 subwatershed 9 for
modeling
30 Lower Pamunkey River
31 Lower Pamunkey River
32 TotopotomoyCreek Existing TMDL
33 Middle Pamunkey River
34 Middle Pamunkey River
35 Middle Pamunkey River
36 Middle Pamunkey River
37 Upper Pamunkey River/ North Anna Rive
38 Upper Pamungy River/ North Anna River
39 Upper Pamunkey River/ North Anna Rive
40 Upper Little River
41 Upper Little River
42 Upper Little River
43 Upper Little River
44 Northeast Creek
45 Northeast Creek
46 Northeast Creek
47 Middle Pamunkey River
48 Middle Pamunkey River
49 Middle Pamunkey River
50 Middle Pamunkey River
51 Middle Pamunkey River

BACTERIA SOURCE ASSESMENT
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3.1 Assessment of Permitted Sources

Table 3.2 lists permitted point sources that discharge to surfacerviatgies in the
Pamunkey River and Tributaries watershed study. af@aint sources are permitted to
discharge fecal bacteria to surface water bodies ifP@meunkey River Watershed study
areathrough the Virginia Pollutant Discharge Elimination System@¥8). The use of
AUTO in this table refers to unnamed tribut
water and/or stormwater dischargers in the watershed that are authorized to discharge
under the VPDES program. These facilities are not expectdiddioarge the pollutant of
concern (bacteria). However, there may be incidental, insignificant levels of bacteria
found in these discharges; #eedischarges are not considered to have a reasonable
potential to cause or contribute to exceedances of tigghid Water Quality Standards

and the observed stream impairments. Any inadvertent bacteria discharge would be
insignificant, andthus theyare not considered in this TMDL.Should any of these
permits have large enough associated flows to impact thelbggrof the watershed,

even without directly impacting the bacterial load, they would have been included;

however, no additional permits of significant size were identified in this watershed.

Permitted point discharges that may contain pathogens assdogiditefecal matter are

required to maintain a&. coli concentration below 126 cfu/100mL, the curraaerine

primary contacstandard. Chlorine is added to the discharge stream at levels intended to

kill pathogens. The monitoring method for ensurifg tgoal is to measure the
concentration of total residual chlorine (TRC) in the effluent. Typically, if minimum

TRC levels are met, bacteria concentrations are reduced to levels well below the
standar d. Al l of Hanover iofrathenthay éhwrindfarc i | i t i €
disinfection. VPDES Discharge Monitoring Reports (DMRs) are reviewed by the
contractor for flow, bacteria and residual chlorine information. The location of permitted
dischargers is shown Figure 3-2.

Table 3.3 shows Domestic discharges within thRamunkey River Watershed study area.
These permits allow treated residential wastewater to be discharged to surface waters.

These facilities didtarge water and bacteria to surface water.
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There are no Animal Feeding Operations (AFOSs) or Virginia Pollution Abatement (VPA)

facilities in the study area.
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Figure 3-1  Subwatersheds delineated for modatig the study area, and the impairments being addressed for the first
time. (Does not include four subwatersheds for existing TMD&or modeling changes noted in the text.)
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Table 3.2 Summary of Individual VPDES permitted point sourcespermitted for fecal bacteria controlin the Pamunkey

River Watershed study area.

. . Design Flow
Permit Facility Name Receiving Stream(s) Permitted for (MGD)
E. coli Control
VA0020630 DJJ Barrett Juvenile Correctional Center Crump Creek YES 0.019
VA0020664 DJJ Hanover Juvenile Correctional Centel Pamunkey River YES 0.034
VA0023914 Hamilton Holmes Wastewater Treatment Plc  Acquinton Creek, UT YES 0. 02
VA0029521 Hanover County Doswell WWTP North Anna River YES 6.34
VA0062154 Hanover Courthouse WWTP Pamunkey R. YES 0.08
VA0067121 Cumberland Hospital for Children and Pamunkey R. YES 0. 03
Adolescents
VA0068314 Rhapsody '”dusmf‘,\'lg;‘mrgo (CIRCAM, " North Anna R. UT YES 0.005
VA0088102 HRSD King William County Sewag Moncuin Creek YES 0.1
Treatment Plant

VA0089915 Hanover County Totopotomoy WWTP Pamunkey River YES 10
VA0091537 Mount Olive Wastewater Treatment Facility Mallory Creek YES 0.008
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Location of VPDES permitted point sources in the Pamunkey River watershed study area (Expected to
Discharge Contaminant of Concern), and the impairments being addressed for the first time in this study.
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Table 3.3 Domestc permits in the Pamunkey River Watershed study area.

Permit Receiving Stream Facility Type
VAG404066 Mechumps Creek UT Domestic
VAG404236 UT Mechumps Creek Domestic
VAG404258 UT Beaverdam Creek Domestic

The WLAs for these facilities will be met thrglu compliance with existing permit limits.

In addition to permits issued under the VPDES program, there are currently three
Municipal Separate Storm Sewer System (MS4) permits issued to cities, counties and
other facilities within the TMDL watersheds. ™eepermits are detailed Trable 3.4. For

these Phase Il Permits all labdsed loadings from developed land use categories (high,
medium, and low intensity developed land uses) within the most recent United States
Censugdefined urban areas of the permit boundaries were allocated to the MS4s. The
most recent United States decennial census with defined urban areas is the 2010 Census.

This approach for developing MS4 allocations is a{asel based approach.

One dimdvantage to the langse based approach is that it is not able to distinguish
between urban areas that drain to regulated MS4s and those that drain to other
unregulated pervious areas or directly to surface waters. At the time of TMDL
development, detaiteinformation regarding the portion of each watershed that drains to

a MS4 system was not available, so a conservative;uaadased approach was used. It

is important to note that the actual areas within the TMDL watersheds that are subject to
a MS4 WLA are those areas that are specifically regulated under the MS4 permit. This
TMDL study does not attempt or intend to define the MS4 regulatory area. Rather, the
areas used to develop loadings associated with the MS4 permits in this TMDL
(developed and Ceus defined urban areas) are only surrogates for establishing WLAs,
estimating a reasonable pollutant loading that is expected to be contributed by these
permitted sources. The WLAs for MS4 permittees can be revised in the future, as
necessary, if additiohanformation regarding the MS4 drainage areas becomes available
or if adaptive management indicates that related loading(s) or reduction strategies would

be impacted to a significant degree.
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Due to the spatial overlap between MS4 entities and the repultinertainty of the
appropriate operator of the system, the MS4 loads are aggregated by jurisdiction (Town
of Ashland, and Hanover County) in the TMDL. In most cases, the boundaries of MS4
areas are not available in enough geospatial detail to disaggtbgaMS4 loads and
assign individual Waste Load Allocations. EPA, DEQ, and DCR support the aggregation
of MS4 WLAs for this reason. Additionally, aggregation encourages stakeholder
cooperation for the implementation of appropriate BMPs to address reduotiquired

by the TMDL.

Table 3.4 Permits for MS4s in the James Riveii City of Richmond study area.

: . Bacteria
Permit Phase Facility Name Contribution
VAR040012 Phase I Hanover County Yes
VAR040011 Phase I Town of Ashland Yes
VAR040115 Phase Il VDOT Yes

3.2 Assessment of Nonpoint Sources

In the Pamunkey River and Tributaries watershed study dve#) developed and
agricultural nonpoint sources of fecal bacteria were considered. Sources include
residential sewage disposal systems, illicit straight pipes, sewer overflows, land
application of waste (livestock), livestock, wildlife, and pets. Sources were identified and
enumerated. Where appropriate, spatial distribution of sources was also determined

utilizing the subwatersheds.

3.2.1 Private Residential Sewage Treatment

Population, housing units, and type of sewage treatment from U.S. Census Bureau
(USCB, 1990, 2010) were calculated using GT&ble 3.5). In the U.S. Cesus
guestionnaires, housing occupants were asked which type of sewage disposal existed.
Houses can be connected to a public sanitary sewer, a septic tank, or a cesspeol

sewage i s disposed of in some ot hreludesway . T
the houses that dispose of sewage other than by public sanitary sewer or a private septic
system. The houses included in this category were assumed to be disposing of sewage
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via a straight pipes (direct stream outfall) or pit privies. The breakdzetween pit
privies and straight pipes was based on agencies response or assuming that 90% of the
houses under "Other Means" category were using pit privies and the remainder 10% were

disposing sewage via straight pipes.

The number of houses with sepgigstems was estimated by subwatershed. The accuracy
of the initial estimates was enhanced by obtaining geographic information from counties
detailing the locations of septic systems. Adjustments were made to initial estimates of
number of houses with gic systems based on the moretoqalate county data. For
instance, Caroline County provided information regarding homes in the community of
Dawn that were provided sewage treatment services. The number of houses with failing
septic systems was estimatkased on the assumption that each septic systems fails, on
average, once during an expected lifetime of 30 years. Resulting estimates were shared
with region® Health Departments and feedback was obtained and used in adjusting
numbers. Comments from ttiple healthdistricts were incorporated. The estimates
shown in Table 3.5 are given by subwatershed which correspond to geographic
illustration shown irFigure 3-1.

Typical private residential sewage treatment systems (septic systems) consist of a septic
tank, distribution box, and a drainage field. Waste from the household flows first to the
septic tank, where solids settle out and are periodically removed by a sejticump

out. The liquid portion of the waste (effluent) flows to the distribution box, where it is
distributed among several buried, perforated pipes that comprise the drainage field. Once
in the soil, the effluent flows downward to groundwater, lakgtal surface water, and/or
upward to the soil surface. Removal of fecal bacteria is accomplished primarily-by die
off during the time between introduction to the septic system and eventual introduction to
naturally occurring waters. Properly designedtalled, and functioning septic systems

contribute virtually no fecal bacteria to surface waters.

A septic failure occurs when a drain field has inadequate drainage or a "break", such that
effluent flows directly to the soil surface, bypassing traveduph the soil profile. In this

situation, the effluent is either available to be washed into waterways during runoff
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events or is directly deposited-stream due to proximity. A survey of septic pumyg
contractors, previously performed by MapTech (Megh, 1999), showed that failures
were more likely to occur in the wintgpring months than in the summfal months,
and that a higher percentage of system failures were reported because etip tmathie

household than because of a failure noticethényard.

MapTech previously sampled waste from septic tank paaip and found an average
fecal coliform density of 1,040,000 cfu/100 ml (MapTech, 1999). An average fecal
coliform density for human waste of 13,000,000 cfu/g and a total waste load of 75

gal/day/person was reported by Geldreich (1978).
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Table 3.5 Human population, housing units, houses on sanitary sewer, septic
systems, straight pipes, pit privies, and failing septic systems for areas
contributing to impaired segments in the Pamunkey River Watershed

study area.
Estimated Estimated Estimated
Sub- Human Housing Homes Homes Homeswith Homes  Homes with
watershed Population  Units  with Sewer with Septic  Straight with Pit  Failing Septic
Pipes Privies Systems
1 1,129 451 3 434 1 13 9
2 34 19 0 18 0 1 0
3 9 4 0 4 0 0 0
4 6 3 0 3 0 0 0
5 113 60 0 59 0 1 2
6 100 49 0 47 0 2 1
7 394 164 3 158 0 3 4
8 24 8 0 8 0 0 0
9 625 263 7 250 1 5 8
10 4 3 0 3 0 0 0
11 1,615 628 7 611 1 9 14
12 871 209 1 200 1 7 4
13 525 265 175 70 2 18 3
15 129 53 18 28 1 6 1
16 308 140 4 125 1 10 4
17 2,643 1,087 50 973 6 58 32
18 1,446 552 46 483 2 21 16
19 396 173 0 165 1 7 3
21 2 2 0 2 0 0 0
22 0 0 0 0 0 0 0
23 153 61 0 57 0 4 2
24 8 3 0 3 0 0 0
25 848 361 2 346 1 12 12
26 3,695 1,421 291 1,120 1 9 37
27 4,345 1,737 36 1,685 2 14 56
28 2,588 1,027 15 975 4 33 32
30 202 78 1 76 0 1 3
31 121 44 0 43 0 1 1
33 195 98 0 96 0 2 3
34 6,502 2,242 1,262 903 8 69 30
35 966 439 438 1 0 0 0
36 631 371 369 1 0 1 0
37 320 130 7 105 2 16 4
38 749 311 2 295 1 13 10
39 473 181 1 177 0 3 6
40 545 218 12 192 1 13 6
41 1,501 613 5 576 3 29 18
42 816 345 2 322 2 19 8
43 2,639 1,114 0 1,036 8 70 21
44 531 189 1 180 1 7 6
45 1,688 627 5 602 2 18 20
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Table 3.5 Human population, housing units, houses on sanitary sewer, septic
systems, straight pipes, pit privies, and failing septic systems for areas
contributing to impaired segments in the Pamunkey River Watershed
study area (cont.).

Estimated Estimated Estimated

Sub- Human Housing Homes Homes Homeswith Homes  Homes with
watershed Population  Units  with Sewer with Septic  Straight with Pit  Failing Septic
Pipes Privies Systems
46 595 231 0 222 1 8 7
47 667 271 0 267 0 4 9
48 1,415 571 110 417 4 40 14
49 330 132 2 128 0 2 4
50 1,093 441 50 389 0 2 13
51 699 281 5 273 0 3 9
Total 44,688 17,670 2,930 14,128 58 554 432

3.2.2 Sanitary Sewer Overflows (SSOs)

Sanitary sewers are piping systems designed to collect wastewater from individual homes
and businesses and carry it to astewater treatment plant. Sewer systems are designed
to carry a specific "peak flow" volume of wastewater to the treatment plant. Within this
design parameter, sanitary collection systems are not expected to overflow, surcharge or
otherwise release segm before their waste load is successfully delivered to the

wastewater treatment plant.

When the flow of wastewater exceeds the design capacity or the capacity is reduced by a
blockage, the collection system will "back up" and sewage discharges througatkst
escape location. These discharges into the environment are called overflows.
Wastewater can also enter the environment through exfiltration caused by line cracks,
joint gaps, or breaks in the piping system, or due to infrastructure failuréureSaare
typically addressed by counties/municipalities when they occur and programs exist that
intend to repair damaged sewer lines and resolve high maintenance probbdstes3.6

details the volume of overflosweported between June, 2001 and January, 2013.
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Table 3.6 Volume of sanitary sewer overflows reported within the study area
between June 2001 and January 2013.

Subwatershed Volume (Gallon)

12 2,400
14 34,15
16 1,695
34 16,875
36 600
50 200
Total 66,945

3.2.3 Biosolids

Biosolids data was collected by MapTech where it was available (Biosolids data were not
available in Caroline, Spotsylvania and Louisa Counties). Between 2001 and 2012
biosolids were applietb fields within the Pamunkey River and Tributaries study area
(Table 3.7). The total amount of biosolids applied was 16,425 dry tons. The task of
regulating biosolids applications is the responsibility of thiegivia Department of
Environmental Quality. Biosolids are required to be spread according to sound
agronomic requirements with consideration for topography and hydrology. All
applications are done so in accordance with an approved Nutrient Managenment Pla
Class B biosolids may not have a fecal coliform density greater than 1,995,262 cfu/g
(total solids) however; actual applications may have densities far less than this amount.
Application rates must be limited to a maximum of 15 dry tons/acre pes\bes

period.
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Table 3.7 Application of biosolids within the Pamunkey River study area (2001
i 2012).

Subwatershed  Application Year Applied amount

(dry tons)
1 2006 35
7 2001 67
2006 55
9 2001 1,474
2006 657
10 2001 959
2006 504
2002 2,516
11 2010 215
2011 1,694
12 2006 911
2010 449
2002 417
13 2005 98
2006 189
17 2005 14
23 2004 1,172
2006 841
2001 995
25 2006 608
26 2012 215
2010 821
28 2011 276
2012 356
2002 282
33 2004 279
38 2005 165
41 2006 161
Total 16,425
3.2.4 Pets

Among pets, cats and dogs are the predominant contributors of fecal coliform in the
Pamunkey River and Tributariegatershed and were the only pets considered in this
analysis. Cat and dog populationere derived from American Veterinary Medical
Association Center for Information Management demographics collected in T98y.
waste load was reported hyeiskel et al(1996) while cat waste load was previously

measured by MapTech (MapTech, 1999).cdteoliform density for dogs and cats was

BACTERIA SOURCE ASSESSMENT 3-15



TMDL Development Pamunkey River Watershed, VA

previously measured from samples collected by MapTech (MapTech, 1999). A summary
of the data collected is given ihable 3.8. Table 3.9 lists the domestic animal

populations for impairments in tlsudy area by subwatershed.

Table 3.8 Domestic animal population density, waste load, and fecal coliform
(FC) density.

Dog Cat
Populaton Density (an/house)’ 0.534 0.598
Waste load (g/aday)** 450 19.4
FC Density (cfu/g) 480,000 9

* animals per house
** grams per animal per day
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Estimated domestic animal populations in areas contributing to
impaired segments in the Pamunkey River Watershed study area.

Table 3.9
H in

waigghed Sﬁisg Dogs Cats
1 451 241 270
2 19 10 11
3 4 2 2
4 3 2 2
5 60 32 36
6 49 26 30
7 164 93 105
8 8 4 5
9 263 150 168
10 3 2 2
11 628 355 398
12 209 116 130
13 265 145 163
15 53 28 32
16 140 82 92
17 1,087 594 665
18 552 306 343
19 173 95 106
21 2 1 2
22 0 0 0
23 61 33 37
24 3 2 2
25 361 193 216
26 1,421 771 864
27 1,737 1,020 1,143
28 1,027 547 613
30 78 42 47
31 44 24 26
33 98 58 65
34 2,242 1,317 1,475
35 439 258 289
36 371 218 244
37 130 69 78
38 311 183 205
39 181 107 120
40 218 128 143
41 613 357 399
42 345 189 212
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Table 3.9 Estimated domestic animal populations in areas contributing to
impaired segments in the Pamunkey River Watershed study area
(cont.).

Sub- Housing

watershed Units Dogs Cats
43 1,114 595 666
44 189 101 113
45 627 335 375
46 231 123 138
47 271 159 178
48 571 335 376
49 132 78 87
50 441 259 290
51 281 166 185

Total 17,670 9,951 11,148

3.2.5 Livestock

The predominant type of livestock in the Pamunkey River and Tributaries watershed
study area is beef tthe, horses, and dairy, although other types of livestock identified
were considered in modeling the watershed. The estimates shovablie 3.10 are

given by subwatershed which correspond to geographic illisstrahown inFigure 3-1.
Animal populations were based on communication with VADEQ, Colonial Soil and
Water Conservation District, Three Rivers Soil and Water Conservation District,
HanoverCaroline Soil and WateConservation District, Thomas Jefferson Soil and
Water Conservation District, Culpepper Soil and Water Conservation District, Tri
County/City Soil and Water Conservation District, extension agents, watershed visits,

and communication with citizens at tfiest public meeting and afterwards
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Table 3.10 Livestock populations in areas contributing to impaired segments in
the Pamunkey River Watershed study area.

Subshed Beef Beef Dairy Dairy Dairy Sheep Horses Chickens Goats

ID Cattle Calves Milkers Heifers Calves

1 47 54 7 3 3 0 34 67
2 6 7 1 0 0 0 5 8
3 3 3 0 0 0 0 4 3
4 3 3 0 0 0 0 4 3
5 11 11 0 0 0 0 15 12
6 39 39 1 0 0 0 49 43
7 97 0 103 52 52 7 43 38
8 10 10 1 1 1 0 5 9
9 165 127 156 78 78 12 74 72
10 18 15 0 0 0 2 8 3
11 194 31 162 81 81 12 88 119
12 80 87 9 5 5 4 40 82
13 69 62 1 1 1 8 30 32
15 30 24 0 0 0 4 13 8
16 47 38 0 0 0 5 20 10
17 173 140 0 0 0 21 74 46
18 223 203 4 2 2 16 63 34
19 61 49 0 0 0 4 15 10
21 10 13 2 1 1 0 5 16
22 4 5 1 0 0 0 2 7
23 5 6 1 0 0 0 2 8
24 0 0 0 0 0 0 0 0
25 38 46 8 4 4 0 20 60
26 42 41 0 0 0 1 50 39
27 164 134 0 0 0 14 75 33
28 43 52 9 4 4 0 22 68
30 12 14 2 1 1 0 6 18
31 3 4 1 0 0 0 2 5
33 25 20 0 0 0 2 11 4
34 154 125 0 0 0 14 67 27
35 0 0 0 0 0 0 0 0
36 0 0 0 0 0 0 0 0
37 23 19 0 0 0 5 9 11
38 42 34 0 0 0 4 18 7
39 71 58 0 0 0 6 31 13
40 175 142 0 0 0 16 75 31
41 304 170 132 66 66 28 135 56
42 120 97 0 0 0 10 44 23
43 293 196 0 0 0 20 64 60,800 58
44 111 119 0 0 0 2 23 5
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Table 3.10 Livestock populations in areas contributing to impaired segments in
the Pamunkey River Watershed study area(cont.).

Subshed Beef Beef Dairy Dairy Dairy Sheep Horses Chickens Goats

ID Cattle Calves Milkers Heifers Calves

45 190 170 0 0 0 5 52 11
46 54 58 0 0 0 1 11 2

47 14 11 0 0 0 1 6 2

48 24 20 0 0 0 2 11 4

49 19 16 0 0 0 2 8 3

50 25 20 0 0 0 2 11 4

51 24 20 0 0 0 2 10 4

Total 3,265 2,513 601 299 299 232 1,354 60,800 1,118

Values offecal coliform density and waste storage-oft of livestock sources were
based on sampling previously performed by MapTech (MapTech, 1999). Reported
manure production rates for livestock were taken from American Society of Agricultural
Engineers (1998) A summary of fecal coliform density values and manure production
rates is presented irable 3.11.

Table3.11 Average fecal coliform densities and waste loads assated with

livestock.
Fecal Coliform
Type Waste Load Density
(Ib/d/an) (cfu/g)

Beef stocker (850 Ib) 51.0 101,000
Beef calf (350 Ib) 21.0 101,000
Dairy milker (1,400 Ib) 120.4 271,329
Dairy heifer (850 Ib) 70.0 271,329
Dairy calf (350 Ib) 29.0 271329
Hog (135 Ib) 11.3 400,000
Horse (1,000 Ib) 51.0 94,000
Sheep (60 Ib) 2.4 43,000
Goat (140 Ib) 5.7 15,000

Poultry
Broiler 0.17 586,000
Layer 0.26 586,000

Fecal bacteria produced by livestock can enter surface waters through four pathways.
First, waste produced by animals in confinement is typically collected, stored, and
applied to the landscape.§., pasture and cropland), where it is available for wat§h

during a runoffproducing rainfall eventTable 3.12 shows the average percentage of
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collected livestock waste that is applied throughout the year. Second, grazing livestock
deposit manure directly on the land where it is available for sw#stiuring a runoff
producing rainfall event. Thirdivestock with access to streams occasionally deposit
manure directly in streams. Fourth, some animal confinement facilities may have

drainage systems that divert washter and waste directly to drainage ways or streams.

Table 3.12  Average percentage of collected livestock waste applied throughout

year.
Month Applied % of Total Land use
Dairy Beef

January 2.00 4.00 Cropland
February 2.00 4.00 Cropland
March 20.00 12.00 Cropland
April 20.00 12.00 Cropland
May 5.00 12.00 Cropland
June 2.00 8.00 Pasture
July 2.00 8.00 Pasture
August 2.00 8.00 Pasture
September 21.00 12.00 Cropland
October 20.00 12.00 Cropland
November 2.00 4.00 Cropland
December 2.00 4.00 Cropland

Some livestock were expectdd deposit a portion of waste on land areas. The
percentage of time spent on pasture for dairy and beef cattle was estimated based on
projects in other areas of Virginia. Horses and sheep were assumed to be in pasture
100% of the time.

It was assumed &t beef cattle with access to flowing water contribute bacteria to the
environment through direct deposition. For areas where direct deposition by cattle is
assumed, the average amount of time spent by dairy and beef cattle in stream access areas

for eachmonth is given imrable 3.13andTable 3.14.
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Table 3.13  Average time dry cows and replacement heifers spend in different
areas per day.

Month Pasture Stream Access Loafing Lot
(hr) (hr) (hr)
January 23.3 0.7 0
February 23.3 0.7 0
March 22.6 1.4 0
April 21.8 2.2 0
May 21.8 2.2 0
June 21.1 2.9 0
July 21.1 2.9 0
August 21.1 2.9 0
September 21.8 2.2 0
October 22.6 1.4 0
November 22.6 14 0
December 23.3 0.7 0

Table 3.14  Average time beef cows not confined in feedlots spend in pasture and
stream access areas per day.

Pasture Stream Access

Month (hr) (hr)
January 23.3 0.7
February 23.3 0.7
March 23.0 1.0
April 22.6 1.4
May 22.6 14
June 22.3 1.7
July 22.3 1.7
August 22.3 1.7
September 22.6 1.4
October 23.0 1.0
November 23.0 1.0
December 23.3 0.7
3.2.6 Wildlife

The predominant wildlife species in the Pamunkey Raret Tributaries watershed study
area were determined through consultation with wildlife biologists from the Virginia
Department of Game and Inland Fisheries (VDGIF), United States Fish and Wildlife
Service (FWS), citizens from the watershed, and othete stamd local officials.
Population densities were calculated from data provided by VDGIF and FWS, and are
listed in Table 3.15 (Bidrowski, 2004; Farrar, 2003; Fies, 2004; Knox, 2004; Norman,
2004; Raftovich, 2004Rose and Cranford, 1987; Mayhorn, 2005).
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Table 3.15  Wildlife population densities for the Pamunkey River Watershed

study area.

Deer Turkey Goose Duck Muskrat Raccoon Beaver
(an/ac of (an/ac of (anfac of (an/ac of (an/ac of (an/ac of (an/mi of
habitat) habitat) habitat) habitat)  habitat) habitat) stream)

0.0344 0.00907 0.0189 0.0333  0.3125 0.0703 4.8

The numbers of animals estimated to be inghely areaare reported inrable 3.16.

Habitat and seasonal food preferences were determined based on information obtained
from The Fire Effects Information System (1999) and VDGIF (Costanzo, 2003; Norman,
2003; Rose and Cranford, 1987; and VDGIF, 1999). Waste loadscomemarised from
literature values and discussion with VDGIF personnel (ASAE, 1998; Bidrowski, 2003;
Costanzo, 2003; Weiskel et al., 1996, and Yagow, 1999).
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Table3.16 Estimated wildlife populations in the Panmunkey River Watershed
study area.

Subshed ID Raccoon Muskrat  Duck Goose Deer Turkey Beaver

1 1,839 1,715 183 104 898 227 462
2 130 175 19 11 63 16 50
3 74 82 9 5 36 9 19
4 56 107 11 6 27 7 27
5 139 138 15 8 68 17 31
6 201 279 30 17 142 37 70
7 499 407 43 25 244 63 105
8 82 135 14 8 40 10 44
9 655 395 42 24 320 81 82
10 49 49 5 3 24 6 10
11 1,205 702 75 42 589 149 142
12 971 516 55 31 474 122 105
13 805 554 59 33 392 99 113
15 235 182 19 11 115 29 42
16 221 109 12 7 97 20 23
17 1,973 1,236 132 75 956 239 248
18 1,127 751 80 45 550 140 155
19 379 239 25 14 185 48 49
21 62 78 8 5 30 8 19
22 29 25 3 2 14 4 5
23 354 179 19 11 173 44 31
24 64 57 6 3 31 8 12
25 1,176 615 65 37 574 146 132
26 1,424 811 86 49 695 177 166
27 1,312 697 74 42 640 161 135
28 1,099 608 65 37 531 132 114
30 201 96 10 6 98 25 21
31 110 50 5 3 54 14 10
33 249 132 14 8 121 28 26
34 954 518 55 31 454 106 107
35 10 1 0 0 4 0 25
36 10 0 0 0 3 0 57
37 176 125 13 8 86 20 54
38 515 275 29 17 250 61 58
39 456 201 31 18 218 57 151
40 480 285 30 17 233 60 70
41 1,189 742 79 45 581 148 248
42 581 336 36 20 283 72 50
43 2,072 1,191 127 72 1,010 258 158
44 332 232 25 14 162 42 44
45 1,053 718 77 43 513 130 0
46 508 206 22 12 248 62 0
47 131 69 7 4 63 15 14
48 140 74 8 4 68 16 15
49 92 49 5 3 45 10 10
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Table3.16 Estimated wildlife populations in the Pamunkey River Watershed
study area (cont.).

Subshed ID Raccoon Muskrat  Duck Goose Deer Turkey Beaver

50 129 68 7 4 63 15 13
51 162 85 9 5 78 18 17
Total 25,800 16,384 1,743 989 12,543 3,156 3,539

Fecal coliform densities and fecal production information are reportdchlie 3.17.
Where available, fecal coliform densities were based on sampling dfifeviscat
performed by MapTech (MapTech, 1999). The only value that was not obtained from

MapTech sampling in the watershed was for beaver.

Table 3.17 Average fecal coliform densities for wildlife.
Fecal Coliform

Animal Ty pe Waste Load

Density
(g/an-day) (cfu/g)
Raccoon 450 2,100,000
Muskrat 100 1,900,000
Beavet 200 1,000
Deer 772 380,000
Turkey 320 1,332
Goosé 225 250,000
Duck 150 3,500

TBeaver waste load was calculated as twice that of mydlased on field observations.

2Waste load for domestic turkey (ASAE, 1998).

% Goose waste load was calculated as 50% greater than that of duck, based on field
observations and conversation with Gary Costanzo (Costanzo, 2003)

Percentage of time spent stream access areas andrgentage of waste directly
deposited to streams was based on habitat information and location of feces during source
sampling. Table 3.18 summarizes the wildlife habitat and estimatedceertages of time

spent in stream access ardas, (within 100 feet of stream).
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Table 3.18  Wildlife percentage of time spent in stream access areas and habitat.

Portion of
: Day in
Animal Stream Habitat
Access Area
(%)
Primary = region within 600 ft of perennial streams
Secondary= region between 601 and 7,920 ft from perennial
Raccoon 5 streams

Infrequent/Seldom = rest of watershed area including waterbodi
(lakes, ponds)

Primary = waterbotks, and land area within 66 ft from the edge
perennial streams, and waterbodies

Muskrat 90 Secondary= rm_egion between 67 and 308 ft from perennial strear
and waterbodies
Infrequent/Seldom = rest of the watershed area

Primary = Perennial streams. e@erally flat slope regions (slow
Beaver 100 moving water), food sources nearby (corn, forest, younger trees
Infrequent/Seldom = rest of the watershed area

Primary = forested, harvested forest land, orchards,

grazed woodland, urban grassland, croplandupasivetlands,
Deer 5 transitional land

Secondary= low density residential, medium density residential

Infrequent/Seldom = remaining land use areas

Primary = forested, harvested forest land, grazed woodland,
orchards, wetlands, transitional land

Turkey 5 Secomlary = cropland, pasture
Infrequent/Seldom = remaining land use areas

Primary = waterbodies, and land area within 66 ft from the edge
perennial streams, and waterbodies

Goose 50 Secondary= _region between 67 and 308 ft from perennial strear
and watebodies
Infrequent/Seldom = rest of the watershed area

Primary = waterbodies, and land area within 66 ft from the edge
perennial streams, and waterbodies
Mallard 75 Secondary= region between 67 and 308 ft from perennial strear
(Duck) and waterbodie
Infrequent/Seldom = rest of the watershed area
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4. BACTERIA MODELING PROCEDURE: LINKING THE
SOURCES TO THE ENDPOINT

This chapter represents a brief description of the modeling procedures. Complete
description is presented in Appendix B. Computer @liagd is used in this study as a

tool that allows simulating the interaction between the land surface and subsurface and
the quantities of various bacteria sources by location. The model allows the
climatological factors and in particular, precipitatido, drive this interaction. By
modeling the watershed conditions and bacteria sources, the model allows quantifying the
relationship between sources as they exist throughout the watershed to bacteria
concentrations within the watershed. Two modeling apgres were used in the
analysis. For the free flowing tributaries, the model used was the USGS Hydrologic
Simulation Program Fortran (HSPF) water quality model. The HSPF model is a
continuous simulation model that can account for NPS pollutants irif r@sowell as

pollutants entering the flow channel from point sources.

For the tidal segments in the study area, the Steady State Tidal Prism Model, which is
used by VADEQ for modeling tidally impacted waterbodies, was implemented within the
HSPF framewds to model the tidally influenced segments in conjunction with lateral
freeflowing streamsand input from upstream drainages. The Pamunkey River
downstream of Totopotooy Creek is tidally influenced and so are multiple creeks
flowing laterally into the Rer between Totopotoay Creek and the downstream end of

the study area.

To adequately represent the spatial variation in the watershed parameters and pollutant
guantification, the drainage area was divided fotty seven (47subwatersheds-{gure

3-1). Hydrologic parameters collected for the watershed were adjusted based on
previously conducted hydrologic calibration in nearby projects where flow was calibrated
by comparing model output to observed flow. Floasvealibrated by comparing model
output to observed flow within the Pamunkey River and making the proper adjustments
to obtain the best match between simulated and observed flow. Once the flow

component was built, the bacteria concentration was calibtatedomparing model
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simulations of bacteria to observed bacteria values collected by VADEQ at two locations.
Finally the bacteria concentration was validated using a different time period from the

calibration period.

Existing conditions of bacteria werken entered into the model to simulate the baseline
conditions. This stage gives an indication of the current, predicted, violation rates of the
geometric mean standardlhe model waghen used in the allocatianprocess where
reductions are simulatedrf various sources until the bacteria geometric mean standard

was met. A complete description of the modeling approach is presented in Appendix B.
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5. BACTERIAL ALLOCATION

Total Maximum Daily Loads (TMDLs) consist of waste load allocations (WLAS,
permittad direct sources) and load allocations (LAs, Aoermitted sourceand diffuse
permitted sourc@sincluding natural background levels. Additionally, the TMDL must
include a margin of safety (MOS) that either implicitly or explicitly accounts for the
uncetainties in the proces®.g, accuracy of wildlife populations). The definition is

typically denoted by the expression:
TMDL = WLAs + LAs + MOS

The TMDL becomes the amount of a pollutant that can be assimilated by the receiving
waterbody ad still achieve water quality standards. For these impairments, the TMDLs

are expressed in terms of colony forming u(uts)).

Allocation scenarios were modeled using HSPF. The first change made to existing
conditions was adjusting the flood tides (iming) so that the bacteria from the tides
alone did not result in water quality standards violations. More scenarios were created by
reducing direct and larblased bacteria until the water quality standards were attained.
The TMDLs developed for the impaents in the Pamunkey River watershed were based
on the Virginia State standard f&r coli. As detailed irSection2.1, the DEQ riverine
primary contact recreational ude. coli standard states that the calendar month
geomdric-mean concentration shall not exceed 126 cfu/100 ml, or that a maximum single
sample concentration &. coli shall not exceed 235 cfu/100 ml more than 10% of the

time.

According to the guidelines put forth by the VADEQ (VADEQ, 2003) for modeling
bacteia with HSPF, the model was set up to estimate loads of fecal coliform, then the
model output was converted to concentrationg.ofoli through the use of the following
equation (developed from a data set containing 493 paired data points):

0gx(Ced=-0. 0172 + QCP1905 A | og
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where G is the concentration d&. coliin cfu/100 mL and & is the concentration of

fecal coliform in cfu/100 mL.

Pollutant concentrations were modeled over the entire duration of a representative
modeling period and poltant loads were adjusted until the standards were Fatthe
purpose of this TMDL, VADEQ interprets the bacteria standard as requiring compliance
with both the geometrimean (monthly) criterion and the singlample (instantaneous)
criterion. Since &lof the water bodies in question are fresh wattes instreamE. coli
targets for the TMDLs in this study web®th monthly geometric means not exceeding
126 cfu/100 ml ancho more than 10% exceedance of the 235 cfu/100 mL saagigple
criterion TheSouth Anna River, Lake Anna, and TotopotmynCreek watersheds were

set to their allocated load for the modeling runs because of the previously approved
bacteria TMDLs in these areas. The development of the allocation scenario was an
iterative process thakequired numerous runs with each followed by an assessment of
source reduction against the applicable water quality stanflattsgeometric mean and

single sample)

5.1 Margin of Safety (MOS)

In order to account for uncertainty in modeled output, a MarfiSadety (MOS) was
incorporated into the TMDL development process. Individual errors in model inputs,
such as data used for developing model parameters or data used for calibration, may
affect the load allocations in a positive or a negative way. A M&ftbhe incorporated
implicitly in the model through the use of conservative estimates of model parameters, or
explicitly as an additional load reduction requirement. The intention of an MOS in the
development of bacteria TMDLs is to ensure that the mode#ets do not underestimate

the actual loadings that exist in the watershed. An implicit MOS was used in the
development of these TMDLs. By adopting an implicit MOS in estimating the loads in
the watershed, it is ensured that the recommended reductibns Wact succeed in
meeting the water quality standard. Examples of the implicit MOS used in the

development of these TMDLSs are:

91 Allocating permitted point sources at the maximum allowable fecal coliform
concentration, and
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1 Selecting a modeling periotidt represented the critical hydrologic conditions in
the watershed.

5.2 Waste Load Allocations (WLAS)

There areseveral VPDES point source currently permitted to discharge into the
PamunkeyRiver study area. The allocation foreth dischargs is equivalentto their
current permit levels (design discharge and 126 cfu/100 ml). Future growth was
accounted for by setting asi@®o of the TMDL for growth in the permitted discharge or
creation of newdischarges or expansion of existing discharges

In addition b permits issued under the VPDES program, there are currently three
Municipal Separate Storm Sewer System (MS4) permits issued to cities, counties and
other facilities within the TMDL watersheds. These permits are detail€ahile 3.4. For

these Phase Il Permits all labdsed loadings from developed land use categories (high,
medium, and low intensity developed land uses) within the most recent United States
Censugdefined urban areas of the permit boundaries \aéloeated to the MS4s. The

most recent United States decennial census with defined urban areas is the 2010 Census.

This approach for developing MS4 allocations is a{asel based approach.

One disadvantage to the lande based approach is that it ig able to distinguish
between urban areas that drain to regulated MS4s and those that drain to other
unregulated pervious areas or directly to surface waters. At the time of TMDL
development, detailed information regarding the portion of each watershetiahmes to

a MS4 system was not available, so a conservative;usadased approach was used. It

is important to note that the actual areas within the TMDL watersheds that are subject to
a MS4 WLA are those areas that are specifically regulated unelé®4 permit. This
TMDL study does not attempt or intend to define the MS4 regulatory area. Rather, the
areas used to develop loadings associated with the MS4 permits in this TMDL
(developed and Census defined urban areas) are only surrogates for a@sgalishAs,
estimating a reasonable pollutant loading that is expected to be contributed by these
permitted sources. The WLAs for MS4 permittees can be revised in the future, as

necessary, if additional information regarding the MS4 drainage areas becaiasiav
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or if adaptive management indicates that related loading(s) or reduction strategies would

be impacted to a significant degree.

Due to the spatial overlap between MS4 entities and the resulting uncertainty of the
appropriate operator of the systetime MS4 loads are aggregated by jurisdiction (Town

of Ashland, and Hanover County) in the TMDL. In most cases, the boundaries of MS4
areas are not available in enough geospatial detail to disaggregate the MS4 loads and
assign individual Waste Load Allocatis. EPA, DEQ, and DCR support the aggregation

of MS4 WLAs for this reason. Additionally, aggregation encourages stakeholder
cooperation for the implementation of appropriate BMPs to address reductions required
by the TMDL.

5.3 Load Allocations (LAS)

Load allccations to nonpoint sources are divided into aaded loadings from land uses
(nonpoint source, NPS) and directly applied loads in the stream (livestock, wildlife,
straight pipes, and sewer overflows). Source reductions include those that are ajfected b
both high and low flow conditions. Ladzhsed NPS loads most significantly impact
bacteria concentrations during hifjow conditions, while direct deposition NPS most
significantly impact low flow bacteria concentrations. Nonpoint source load redsictio
were performed by land use, as opposed to reducing sources, as it is considered that the
majority of BMPs will be implemented by land use. Appen@ishows tables of the
breakdown of the annual fecal coliform per animal per land use for contributing

stbwatersheds the study area

5.4 Final Total Maximum Daily Loads (TMDLS)

Allocation scenarios were run sequentially, beginning with headwater impairments, and
then continuing with downstream impairments until all impairments were allocated to 0%
exceedanceof all applicable standasd The first table in each of the following sections
represents the scenarios developed to determine the TMDLs. The first scenario was run
for all impairments simultaneously; subsequent runs were made after upstream
impairmens were allocated. Scenario 1 in each table describes a baseline scenario that

corresponds to the existing conditions in the watershed.
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Reduction scenarios exploring the role of anthropogenic sources in standards violations
were explored first to determe the feasibility of meeting standards without wildlife
reductions. In each table, a scenario reflects the impact of eliminating direct human
sources from straight pipes and sewer overflows. Further scenarios in each table explore
a range of managemestenarios, leading to the final allocation scenario that contains the
predicted reductions needed to meet 0% exceedance of all applicable water quality
standards. The graphs in the following sections depict the existing and allocatag 30

geometric meam-stream bacteria concentrations.

The second table in each of the following sections shows the existing and allecated
coli loads that are output from the modeThe third table shows the final-Btream
allocated loads for the appropriate bacteriacegs. These values are output from the
HSPF model and incorporate-stream dieoff and other hydrological and environmental
processes involved during runoff and stream routing techniques within the HSPF model
framework. The final table is an estimatiohthe instream daily load of bacteria. The
tables and graphs in the following sections all depict values at the correspdiidig
watershed unibutlet or the most limiting subwatershedhin the TMDL watershed unit

5.4.1 South Anna River TMDL Modification

Prior to assessing the downstream TMDLs in the study area, a modification was
incorporated into the South Anna River TMDL model. The rationale behind the South
Anna River TMDL modification is that in the original TMDLSs, the waste load allocation
did na include the future growth portion, although it was indicated in the original TMDL
that future growth scenarios were modeled and met water quality standards. In the
modification, the future growth was set to varying amounts based on existing permitted
load or total TMDL load. In addition, a small portion of the future growth load was
transferred from the South Anna River, upstream to Taylors Creek to accommodate the
possibility of a small number of singfamily home or similar discharges. TMDLs
included in the modification along with future load estimation method are shown here in
Table 5.1.
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Table 5.1. TMDLs included in the modification process.

Future Growth Load

TMDL segment Pollutant Estimation Method

Two times the load from all
South Anna River (VANFO1RO01) E. coli permitted point sources within
the area of interest
Four times the load from all
South Anna River (VANFO2R01) E. coli permitted point sourcesithin
the area of interest
Four times the load from all
South Anna River (VAHF04R01) E. coli permitted point sources within
the area of interest
5% of the total TMDL load at
the impairment outlet

, Equivalent to load from 20
Taylors Creek\{AN-FO3R-01) E. coli Single Family Home permits

South Anna River (VAHF04R02) E. coli

Th

e modification involved updating the permitted sources informatotonform with

current (2013) status. This updating included changes to design flows, addition, and

removalof certain permitted sources from the model and the TMDL tables.

The following measures were taken to ensure a sound outcome of the modification

process.

Verified that the existing model is hydrologically linked, with TMDLs being
inclusive of upstream load

Started with the original futurgrowth model that included future growth loads in
each impaired segment based on an additioiahds the load from all dischargers
(4x) or 1% of the TMDL where no significant dischargers were in the watershed
(such aghe case of Taylors Creek).

Updated permitted sources to correspond with the current (2013) VADEQ
information.

Moved a portion of the downstream South Anna River (MWEBR02) future
growth load Ie., equivalent of 20 single family home general permitd&)ao the
outlet subwatershed of Taylors Creek.

Because the proposed method from the original TMDL (4x) resulted in a very large
WLA for segments VANFO1RO01 and VAN FO4R02, based on local input the
future-growth load in these segments was reducedtimes the load from all
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permitted discharges (2x) and 5% of the TMDL, respectively. It should be kept in
mind that in the old modeling files and TMDL document, there was no mention of
the 4x. The old modeling files included 5x but no individual entryefosting

permits at the time resulting in effective future growth load being 4x because 1x was
taken to represent the actual existing permits.

1 The future growth, in each case, was conservatively modeled by placing the load at
the mouth subwatershed ofcbasegment.

1 Verified that the existing reductions still meet the standard in each impaired
segment.

1 Calculated new TMDL tables for each impairment.

1 As in the original document, only the permits that directly impact each segment (not
the permits in upstreampairments) were included in the TMDL tables. However,
all loads from the upstream TMDLs were included in the model for the downstream
TMDLs.

Table 5.2, below, is excerpted from the original TMDL and indicates teductions to
loads that were allocated in the original TMDL. These same reductions were used in this

modification.

Table 5.2 Allocation scenarios for reducing current bacteria loads in the South

Anna River.
i Percent Reduction in Fecal Coliform Loading from Existing Conditions
Impairment WiTdlite
Straight Pipes| Residential Livestock DD Cropland Pasture DD Forest

South Anna River (VAN-FOTR-01) 100 100 99 97 97 90 0
South Anna River (VAN-FOZR-01) 100 100 100 99 99 92 0
South Anna River (VAP-FO4R-01) 100 100 95 95 95 41 0
South Anna River (VAP-FO4R-02) 100 100 94 94 94 94 0
Taylors Creek (VAN-FO3R-01) 100 100 97 99 100 97 0

The updated permitted point source details are showabte 5.3.
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Table 5.3. Updated permitted point source details.

Permit Impaired Design Flow

Number Facility Name segmat (mgd) Receiving Stream
VA0021105  Gordonsville Sewage Treatment Plai VAN-FO1RO01 0.94 UT to South Anna River
VAG406073 Residence Delmer Watson VAN-FO1RO01 0.001 South Anna River
VAG406049 Annandale Land Trust VAN-FO1RO01 0.001 UT to Souh Anna River
VAG406484 Haney Residence VAN-FO2R01 0.001 UT to Bowles Creek
VA0088706  South Creek Zion Crossroads VAN-FO2RO01 0.0395 UT to Central Branch
VA0076678  Shenandoah Crossing VAN-FO2RO01 0.1 Lickinghole Creek
VA0088421  Twin Oaks Community BP VAN-FO2R01 0.01 Polecat Creek
VA0090743  Zion Crossroads WWTP VAN-FO2RO01 0.7 South Anna River
VAG406402 Dovei Residence VAN-FO2RO01 0.001 UT to Fosters Creek
VAG406455 George Seymour Residence VAN-FO2R01 0.001 UT South Anna River
VAG406457  Crickenberger Stephanie Residence VAN-FO02R01 0.001 UT to Harris Creek
VAG406462 Barrett Grove Lot 10 VAN-FO2RO01 0.001 UT to Harris Creek
VAG406463 Barrett Grove Lot 11 VAN-FO2RO01 0.001 UT to Harris Creek
VAG406464 Barrett Grove Lot 20 VAN-FO2RO01 0.001 UT to Harris Creek
VAG406474 East End Farm VAN-FO2R01 0.001 UT to Hudson Creek
VAG406491 Thomas Thompson Propery VAN-FO2RO01 0.001 UT to South Anna River
VAG406492 Michael Kennan Residence VAN-FO2R01 0.001 Reedy Creek
VAG406496 Nolting ElisabethAiken Residence VAN-FO2R01 0.001 UT to Fielding Creek
VAG406527 CFS Resources VAN-FO2RO01 0.001 UT to Fosters Creek
VAG404137 Hanover Community Center VAN-FO3RO01 0.001 UT to Wolf Swamp
VA0090140  Six O Five Village M H P STP VAP-FO04R01 0.04 UT to Souh Anna River
VA0067954  Louisa Regional Sewage VAP-FO4R01 0.8 Beaver Creek
VA0067105  Missionary Learning Center VAP-FO4R01 0.04 South Anna River
VAG404205 Resident (Clifford and Taran Main) VAP-FO4RO01 0.001 UT to Stone Horse Creek
VAG404210 E;Sr:giesr)‘mha”es and Margaret VAP-FO4R01  0.001 UT to South Anna River
VAG404217 Resident (K&M Investments, LLC) VAP-FO4RO01 0.001 UT to Stone Horse Creek
VAG404222 Resident (Thomas Waller) VAP-FO4R01 0.001 UT to South Anna River
VAG406370 William A Cooke Inci Residence VAP-FO4RO01 0.001 UT to Beaver Creek
VAG406424 Hale and White Offices VAP-FO4RO01 0.001 Beaver Creek
VAG406501 Jordan ResidendeDomestic VAP-FO4R01 0.001 Desper Creek
VAG404261 Thomas And Julie Rao (SFGP) VAP-FO4RO01 0.001 UT to South Anna River
VAG404259 Roy and Annie Carter (SFGP) VAP-FO4R01 0.001 UT to Turkey Creek
VAGA404251 \(’g'l':bGeFrf)D' And Mary T. Adams VAP-FO4R01  0.001 Cedar Creek
VA0024899  Ashland WWTP VAP-FO4R02 2 South Anna River

The modification process nal¢ed in the following TMDL tablesTable 5.4 through 5-

8).
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Table 5.4. Annual E. coli bacteria loads (cfu/yr) nodeled after TMDL allocation in
South Anna River (VAN-FO1R-01) impairment.

Impairment WLA LA MOS TMDL
Souih Anna River 4.92E+12  8.98E+11 5.82E+12
VA0021105 1.64E+12
VAG406073 1.74E+09
VAG406049 1.74E+09
Future Growth 3.28E+12

Table 5.5. Annual E. coli bacteria loads (cfu/yr) modeled after TMDL allocation in
South Anna River (VAN-F02R-01) impairment.

Impairment WLA LA MOS TMDL
S?/“/SIL_AF”(;‘;RT)‘fr 7.50E+12  1.38E+13 2. 13E+13
VAG406484 1.74E-09
VA0088706 6.88E+10
VAO0076678 1.74E+11
VA0088421 1.74E+10
VA0090743 1.22E+12
VAG406402 1.74E+09
VAG406455 1.74E+09
VAG406457 1.74E+09
VAG406462 1.74E+09
VAG406463 1.74E+09
VAG406464 1.74E+09
VAG406474 1.74E+09
VAG406491 1.74E+09
VAG406492 1.74E+09
VAG406496 1.74E+09
VAG406527 1.74E+09
Future Growth 6.00E+12
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Table 5.6. Annual E. coli bacteria loads (cfu/yr) maleled after TMDL allocation in
South Anna River (VAP-F04R-01) impairment.

Impairment WLA LA MOS TMDL
S‘ifpth‘,_AF”O”fR%‘l’er 7.74E+12  4.42E+13 5.19E+13
VA0090140 6.97E+10
VA0067954 1.39E+12
VA0067105 6.97E+10
VAG404205 1.74E+09
VAG404210 1.74E+09
VAG404217 1.74E+09
VAG404222 1.74E+09
VAG406370 1.74E+09
VAG406424 1.74E+09
VAG406501 1.74E+09
VAG404261 1.74E+09
VAG404259 1.74E+09
VAG404251 1.74E+09
Future Growth 6.19E+12

Table 5.7. Annual E. coli bacteria loads (cfu/yr) maleled after TMDL allocation in
South Anna River (VAP-F04R-02) impairment.

Impairment WLA LA MOS TMDL
South Anna River

VAP-FO4R-02 6.02E+12 4.49E+13 5.09E+13

VA0024899 3.48E+12

Future Growth 2.54E+12

Table 5.8. Annual E. coli bacteria loads (cfu/yr) maleled after TMDL allocation in
Taylors Creek (VAN-FO3R-01) impairment.

Impairment WLA LA MOS TMDL
Taylors Creek

VAN-FO3R.01 3.66E+10 6.47E+11 6.83E+11
VAG404137 1.74E+09

Future Growth 3.48E+10
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Starting in 2007, the USEPA has mandated that TMDL studies include a daily load as
well as the average annual load previously shown. The approach to developing a dail
maximum load was similar to the USEPA approved approach to developing load duration
bacterial TMDLs. The daily averagm-stream loads for the South Anna River
impairmentsare shown inTable 5.4 through Table 5.13. The daily TMDL was
calculated using the 8%ercentile daily flow condition during the allocation time period

at the numeric water quality criterion of 235 cfu/100ml. This calculation of the daily

TMDL doesnot account for varying stream flow conditions.

Table 5.9. Final average daily instreamE. coli bacterial loads (cfu/day) nodeled
after TMDL allocation in South Anna River (VAN-FO1R-01)

impairment.

impairment WLA* LA MOS TMDL *
(cfu/day) (cfu/day) (cfu/day)

Soumh Anna River 1.35E+10  4.49E+11 4.63E+11

VA0021105 4.48E+09

VAG406073 4. 77E+06

VAG406049 4. 77E+06

Future Growth 8.99E+09

TThe WLA reflects an allocain for potential future permits issued for bacteria control. Any issued permit
will include bacteria effluent limits in accordance with applicable permit guidance and will ensure that the
discharge meets the applicable numeric water quality criterizaftteria at the endf-pipe.

2The TMDL is presented for the 99th percentile daily flow condition at the numeric water quality criterion
of 235 cfu/100ml. The TMDL is variable depending on flow conditions. The numeric water quality
criterion will be ugd to assess progress toward TMDL goals.
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Table5.10. Final average daily instream E. coli bacterial loads (cfu/day) modeled
after TMDL allocation in South Anna River (VAN -FO2R-01)
impairment.

. WLA* LA MOS TMDL *
Impairment (cfu/day) (cfu/day) (cfulday)
S A et 2.05E+10  8.49E+12 8.51E+12

VAG406484 4. 77TE+06

VA0088706 1.88E+08

VA0076678 4. 77E+08

VA0088421 4.77TE+07

VA0090743 3.34E+09

VAG406402 4. 77E+06

VAG406455 4. 77E+06

VAG406457 4. 77TE+06

VAG406462 4. 77TE+06

VAG406463 4. 77TE+06

VAG406464 4. 77E+06

VAG406474 4. 77E+06

VAG406491 4. 77TE+06

VAG406492 4. 77TE+06

VAG406496 4.77TE+06

VAG406527 4. 77E+06
Future Growth 1.64E+10

'The WLA reflects an allocation for potential future permits issued for bacteria control. Any issued permit
will include bacteria effluent limits in accordance with applicable permit guidance and will ensure that the
discharge meets the applicablameric water quality criteria for bacteria at the -@fgipe.

2The TMDL is presented for the 99th percentile daily flow condition at the numeric water quality criterion
of 235 cfu/100ml. The TMDL is variable depending on flow conditions. The numexier quality
criterion will be used to assess progress toward TMDL goals.
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Table5.11.  Final average daily instream E. coli bacterial loads (cfu/day) maleled
after TMDL allocation in South Anna River (VAP-F04R-01)
impairment.

_ WLA* LA MOS TMDL *

Impairment (cfu/day) (cfu/day) (cfulday)

S A et 2.12E+10  1.61E+13 1.61E+13
VA0090140 1.91E+08
VA0067954 3.82E+09
VA0067105 1.91E+08
VAG404205 4.77E+06
VAG404210 4.77E+06
VAG404217 4. 77E+06
VAG404222 4. 77E+06
VAG406370 4.77E+06
VAG406424 4. 77TE+06
VAG406501 4. 77TE+06
VAG404261 4. 77E+06
VAG404259 4. 77E+06
VAG404251 4. 77TE+06
Future Growth 1.70E+10

TThe WLA reflects an allocatiofor potential future permits issued for bacteria control. Any issued permit
will include bacteria effluent limits in accordance with applicable permit guidance and will ensure that the
discharge meets the applicable numeric water quality criteria feerzat the endf-pipe.

2The TMDL is presented for the 99th percentile daily flow condition at the numeric water quality criterion
of 235 cfu/100ml. The TMDL is variable depending on flow conditions. The numeric water quality
criterion will be usedo assess progress toward TMDL goals.

Table 5.12.  Final average daily instreamE. coli bacterial loads (cfu/day) maleled
after TMDL allocation in South Anna River (VAP-F04R-02)

impairment.
impairment WLA?! LA MOS TMDL ?
(cfu/day) (cfu/day) (cfu/day)
S%‘XE_AF”O”:‘R%‘Z’” 165E+10  1.65E+13 1.65E+13
VA0024899 9.54E+09
Future Growth 6.96E+09

TThe WLA reflects an allocation for potential future permits issued for bacteria cosnglissued permit

will include bacteria effluent limits in accordance with applicable permit guidance and will ensure that the
discharge meets the applicable numeric water quality criteria for bacteria at tbepepd.

2The TMDL is presented fohe 99th percentile daily flow condition at the numeric water quality criterion

of 235 cfu/100ml. The TMDL is variable depending on flow conditions. The numeric water quality
criterion will be used to assess progress toward TMDL goals.
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Table5.13. Final average daily instream E. coli bacterial loads (cfu/day) maleled
after TMDL allocation in Taylors Creek (VAN-FO3R-01) impairment.

Impbairment WLA* LA MOS TMDL *
mpamen (cfuday)  (cluiday) (ctulday)
Taylors Creek

VAN-FO3R-01 1.00E+08  1.57E+12 1.57E+12
VAG404137 4.77E+06

Future Growth 9.54E+07

'The WLA reflects an allocation for potential future permits issued for bacteria control. Any issued permit
will include bacteria effluent limits inc@ordance with applicable permit guidance and will ensure that the
discharge meets the applicable numeric water quality criteria for bacteria at tbeppd.

2The TMDL is presented for the 99th percentile daily flow condition at the numeric watéty quiterion

of 235 cfu/100ml. The TMDL is variable depending on flow conditions. The numeric water quality
criterion will be used to assess progress toward TMDL goals.

5.4.2 Northeast Creek TMDL Watershed Unit (VAN-FO9R_NSTO01A08, VAN-
FO9R_NSTO03A08, VAN-FO9R_NST04A08 and VAN-FO9R_MUSO01A06)

Table 5.14 shows allocation scenarios used to determine the final TMDL for the
Northeast CreeKTMDL watershed unit Becauseall of the waters in this TMDL
watershed unit are verine (freshwater), the bacterial indicator assessedBvali.
Modeling was conducted for a targgial of meeting bothprimary contact recreational
use (swimming)riteria: 0% exceedance of 126 cfu/100n&. coli for the monthly
geometric mean ancess than 10% exceedance of 235 cfu/100 Enlcoli for single
samples The existing condition, Scenario 1, sho&8% violations of the geometric
mean standard. Scenario 2 (eliminating straight pipe inputs) showed some improvement
with a violation rateof 6.36. Scenario 3 showed that eliminating straight pipes and
direct inputs from livestock wouldchieve 0% violations of the monthly geometriean
criterion, however an additional 80% reduction of Hyaged loads from both agricultural
and residentidands was needed to achieve less than 10% violations of the-samgfde
criterion (Scenario 4)This scenario will be the target goal during the implementation of

best management practices (BMPSs).
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Table5.14  Allocation scenarios for reducing current bacteria loads in Northeast Creek (Subwatersheds 44,45,46).

Percent Reductions to Existing Bacteria Loads

VADEQ E. coli Standard

Human and S
Wildlife Land Agricultural Land Pet Land percent violations
Based Based Human Direct Based
Barren?,
Wildlife Commercial, Livestock Cropland,
Scenario  Direct Forest Direct Pasture, LAX?  Straight Pipes Residential % > GM?® %>Inst. Std.®
1 0 0 0 0 0 0 20.8 18.0
2 0 0 0 0 100 0 6.3 14.7
3 0 0 100 0 100 0 0.0 14.2
4 0 0 100 80 100 80 0.0 9.4

'Barren- Areas of bedrock, strip mines, gravel pits, and other accumulations of earthen material. Generally, vegetation acessmbafol 5% of total cover.

2LAX - livestock pasture access near flowing streams.

3peacent violations of the monthly Geometric Mean (GM) criterion (126 cfu/108mtoli) or the instantaneous standard (Inst. Std.) (235 cfu/1Bnaoli) in
the Aworst cased0 segment.

*Final TMDL Scenario.

Juswdojana@ TanNL
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Figure 5-1 shows the existing and allocated monthly geometric mEancoli
concentrations, from the Northeast Crd@kDL watershed unibutlet. The graph shows

existing conditions in black, with allocated conditions overlaid in blue.
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Figure 5-1 Existing and allocated monthly geometric mean irstream E. coli
concentrations in Northeast CreeKTMDL watershed unit.

Table 5.15 contains estimates of existing and allocatedtieamE. coli loads at the
Northeast CreeMDL watershed unibutlet reported as average annual cfu per year.
The estimates iMable 5.15 are generated from available data, and these values are
specific to the irmpairment outlet for the allocation rainfall for the current land use
distribution in the watershed. The percent reductions needed to meet zero percent
violations ofboth water quality criteria fdE. coliare given in the final column.

Table C- 1 throughTable C- 4 in AppendixC include the lanébased fecal coliform load
distributions and offer more details for specific implementation development and source

assessment evaltion.
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Table5.15 Estimated existing and allocatecE. coliin-stream loads in the
Northeast CreekTMDL watershed unit.

Total Annual Total Annual
Source Lo_ading for Loadi_ng for Perce_nt
Existing Run Allocation Run Reduction
(cfulyr) (cfulyr)
Land Based
Developed 5.38E+12 1.08E+12 80
Commercial 2.93E+10 2.93E+10 0
Barren* 1.55E+11 1.55E+11 0
Forest 7.28E+13 7.28E+13 0
Pasture 9.48E+13 1.90E+13 80
Cropland 6.90E+12 1.38E+12 80
Wetland 1.75E+13 1.75E+13 0
LAX** 5.06E+12 1.01E+12 80
Direct
Human 3.77E+12 0 100
Livestock 8.63E+11 0 100
Wildlife 1.83E+12 1.83E+12 0
Permitted Source na na na
Future Growth na 2.34E+12 na
Total Loads 2.09E+14 1.17E+14 44.01

* Barreni Areas ofbedrock, strip mines, gravel pits, and other accumulations of earthen material.
Generally, vegetation accounts for less than 15% of total cover.

** LAX 1 livestock pasture access near flowing streams.

Table 5.16 shows the average annual TMDL, which gives the average amount of bacteria
that can be present in the stream in a given year, and still meet the water quality standard.
These values are output from the HSPF model and incorporateeam dieoff and

other hydrological and environmental processes involved during runoff and stream
routing techniques within the HSPF model framework. To account for future growth of
urban and residential human populatioig) percent of the final TMDL was set aside

for future growth in the WLA portion.
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Table5.16  Final average annual instream E. coli bacterial loads (cfu/year)
modeled after TMDL allocation in the Northeast CreekTMDL
watershed unit

imoai WLA?! LA MOS  TMDL?
mpairment (cfulyr) (cfulyr) (cfulyr)
Northeast Creek 2.34E+12 1.15E+14 117E+14

Future Growth 2.3E+12

'The WLA reflects an allocation for potential future permits issued for bacteria control. Any issued permit
will include bacteria effluenfimits in accordance with applicable permit guidance and will ensure that the
discharge meets the applicable numeric water quality criteria for bacteria at tbeppd.

2 The Load Allocation is the remaining loading allowed after the MOS and WLAwEacted from the

TMDL as determined for the downstream end of the impaired segment, the watershed outlet. This value
may be different from the tables providing nonpoint source ldaiblé¢ 5.15) because of facte such as
bacteria die off that occur between the point of deposition and the modeled watershed outlet.

Starting in 2007, the USEPA has mandated that TMDL studies include a daily load as
well as the average annual load previously shown. The approagveétoping a daily
maximum load was similar to the USEPA approved approach to developing load duration
bacterial TMDLs. The daily averagen-stream loads for the Northeast Creek
impairmentsare shown irTable 5.17. The daily TMDL was calculated using the™99
percentile daily flow condition during the allocation time period at the numeric water
quality criterion of 235 cfu/100ml. This calculation of the daily TMDL does not account

for varying stream flow conditits.

Table 5.17 Final average daily instreamE. coli bacterial loads (cfu/day) modeled
after TMDL allocation in the Northeast Creek TMDL watershed unit.

Impai . WLA*! LA MOS TMDL?
mpairmen (cfulday) (cfu/day) (cfulday)
Northeast Creek 6.41E+9 5.41E+12 5.4E+12

Future Growth 6.41E+9

TThe WLA reflects an allocation for potential future permits issued for bacteria control. Any issued permit
will include bacteria effluent limits in accordance with apgble permit guidance and will ensure that the
discharge meets the applicable numeric water quality criteria for bacteria at tbeppd.

2The TMDL is presented for the 99th percentile daily flow condition at the numeric water quality criterion
of 235 cfu/100ml. The TMDL is variable depending on flow conditions. The numeric water quality
criterion will be used to assess progress toward TMDL goals.

5-18 BACTERIAL ALLOCATION



TMDL Development Pamunkey River Warshed, VA

5.4.3 Upper Little River TMDL Watershed Unit (VAP-F11R_BDCO01A12, VAN-
F10R_LTLO1A02 and VAP-F11R_LTLO01B08)

Table 5.18 shows allocation scenarios used to determine the final TMDL foUgpeer

Little River TMDL watershed unit(VAP-F11R_BDCO01A12, VANF10R_LTLO1A02

and VARF11R_LTLO1B08). Becausal of the waters in tlsi TMDL watershed unit are
riverine (freshwater), the bacterial indicator assessed Evasoli. Modeling was
conducted for a targegpal of meeting bottprimary contact recreational use (swimming)
criteria: 0% exceedance of 126 cfu/100rRL coli for the monthly geometric mean and
less than 10% exceedance of 235 cfu/100HEnlcoli for single samples The existing
condition, Scenario 1, shov@d.3% violations of the geometric mean standard. Scenario
2 (eliminating straight pipe inputs) showadditionalimprovement (violation rat8.3%).
Scenario 3 showed that eliminating straight pipes and direct inputs from livestock would
provide additional water quality benefits. Scenario number 5 showed that elimination of
all anthropogenic sources provided consadde water quality improvement but
exceedances persisted. Scenario 7 requi2z&6areduction to direcindindirect wildlife
sources in addition to reductions in all anthropogenic categories. This scenario meets the
geometric mean standard of 126 cfidinL, and reduces singample violations to
approximately 10% Scenario 7 will be the target goal during the implementation of best

management practices (BMPs).
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Table5.18 Allocation scenarios for redicing current bacteria loads inUpper Little River TMDL watershed unit
(Subwatersheds 40,41,42,43)
Percent Reductions to Existing Bacteria Loads

VADEQ E. coli

Standard percent
Agricultural Land Human and Pet violations
Wildlife Land Based Based Human Direct  Land Based

Wildlife ~ Barren®, Commercial, Livestock  Cropland, Pasture, %>Inst.

Scenario  Direct Forest Direct LAX ? Straight Pipes  Residential % >GM®  std?

1 0 0 0 0 0 0 31.30 23.8

2 0 0 0 0 100 0 8.30 17.5

3 0 0 100 0 100 0 2.10 16.2

5 0 0 100 100 100 100 210 5.7

6 25 25 100 99 100 99 0.00 2.7

7 25 25 100 70 100 70 0.00 10.3

'Barren- Areas of bedrock, strip mines, gravel pits, and other accumulations of earthen material. Generally, vegetation acessmbafol 5% of total cover.

2LAX - livestock pasture access near flowing streams.

3percent violations of the monthly Geometric Mean (GM) criterion (126 cfu/10Bnaoli) or the instantaneous standard (Inst. Std.) (235 cfu/1Bnaoli) in
the Aworst cased0 segment.

*Final TMDL Scenario.
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Figure 5-2 shows the existing and allocated monthly geometric mEancoli
concentrationsin the UpperLittle River TMDL watershed unit(subwatershed3).
Subwatershed3is shown because it was the minstiting subwatershed in thisSMDL
watershed unit The graph shows existing conditions in black, with allocated conditions
overlaid in blue.
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Figure 5-2  Existing and allocated monthly geometric mean irstream E. coli
concentrations in the Upper Little River TMDL watershed unit
(Subwatershed 43)

Table 5.19 contains estimates of existing and allocatedtiramE. coli loads at the
UpperLittle River TMDL watershedunit outlet reported as average annual cfu per year.
The estimates iMable 5.19 are generated from available data, and these values are
specific to the impairment outlet for the allocation rainfall for the eurtand use
distribution in the watershed. The percent reductions needed to meet zero percent

violations of the 126 cfu/100mL geometric mean standard are given in the final column.

Table C- 1 throughTable C- 4 in AppendixC include the lanébased fecal coliform load
distributions and offer more details for specific implementation development and source
assessment evaluation.
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Table5.19 Estimated existing and allocatecE. coliin-stream loads in theUpper

Little River TMDL watershed unit.

Total Annual Total Annual
Source anqllng for Loadllng for Percent
Existing Run Allocation Run Reduction
(cfulyr) (cfulyr)
Land Based
Developed 8.38E+12 2.61E+12 70
Commercial 1.42E+11 1.07E+11 25
Barren* 3.96E+11 2.97E+11 25
Forest 1.25E+14 9.35E+13 25
Pasture 2.18E+14 6.53E+13 70
Cropland 2.84E+14 8.52E+13 70
Wetland 2.81E+13 2.10E+13 25
LAX** 1.05E+13 3.14E+12 70
Direct
Human 1.29E+13 0 100
Livestock 2.00E+12 0 100
Wildlife 4.65E+12 3.49E+12 25
Permitted Source 1.74E+09 1.74E+09 0
Future Growth na 5.61E+12 na
Total Loads 6.93E+14 2.80E+14 59.58

Barren - Areas of bedrock, strip mines, gravel pitsyd other accumulations of earthen material.
Generally, vegetation accounts for less than 15% of total cover.

" LAX - livestock pasture access near flowing streams.

Table 5.20 shows the average annual TMDL, whigikres the average amount of bacteria

that can be present in the stream in a given year, and still meet the water quality standard.

These values are output from the HSPF model and incorporsteeam dieoff and

other hydrological and environmental pesses involved during runoff and stream

routing techniques within the HSPF model framework. To account for future growth of

urban and residential human populatiotng) percent of the final TMDL was set aside

for future growth in the WLA portion.
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Table5.20 Final average annual instream E. coli bacterial loads (cfu/year)
modeled after TMDL allocation in the Upper Little River TMDL
watershed unit

_ WLA? LA MOS TMDL ?
Impairment

(cfulyr)  (cfulyr) (cfulyr)
UpperLittle River 5.61E+12 2.75E+14 2.81E+14
VAG404258 1.74E+09
Future Growth 5.61E+12

'The WLA reflects an allocation for potential future permits issued for bacteria control. Any issued permit
will include bacteria effluent lints in accordance with applicable permit guidance and will ensure that the
discharge meets the applicable numeric water quality criteria for bacteria at tbe@pd.

2 The Load Allocation is the remaining loading allowed after the MOS and WLA areastet from the

TMDL as determined for the downstream end of the impaired segment, the watershed outlet. This value
may be different from the tables providing nonpoint source Idabl€ 5.19) because of factors sl as
bacteria die off that occur between the point of deposition and the modeled watershed outlet.

Starting in 2007, the USEPA has mandated that TMDL studies include a daily load as
well as the average annual load previously shown. The approach topieged daily
maximum load was similar to the USEPA approved approach to developing load duration
bacterial TMDLs. The daily average-streamloads for the Little River and Beaverdam
Creek impairmenare shown irfiTable 5.21. The daily TMDL was calculated using the
99" percentile daily flow condition during the allocation time period at the numeric water
quality criterion of 235 cfu/100ml. This calculation of the daily TMDL does not account

for varying stream @w conditions.

Table5.21  Final average daily instreamE. coli bacterial loads (cfu/day) modeled
after TMDL allocation in the Upper Little River TMDL watershed

unit.
_ WLA* LA MOS  TMDL?
Impairment (cfu/day) (cfu/day) (cfu/day)
UpperLittle River 1.5F+10 1.2%€+12 1.31E+12
VAG404258 4.7TE+06
Future Growth 1.5F+10

'The WLA reflects an allocation for potential future permits issued for bacteria control. Any issued permit
will include bacteria effluent limits in accordance with applicable permit guidance and will ensure that the
discharge meets the applicable numeric water quality criteria for bacteria at tbepepd.

2The TMDL is presented for the 99th percentile daily flow ctiadiat the numeric water quality criterion

of 235 cfu/100ml. The TMDL is variable depending on flow conditions. The numeric water quality
criterion will be used to assess progress toward TMDL goals.
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5.4.4 Upper Pamunkey/North Anna River TMDL Watershed Unit (VAP-
FO9R_MLLO1A12 and VAP-F12R_PMK01B08)

Table 5.22 shows allocation scenarios used to determine the final TMDL for the Upper
Pamunkey/North Anna River TMDL watershed unit. Becaais®f the waters in this
TMDL watershed unit are riverine (freshwater), the bacterial indicator assess&d was
coli. Modeling was conducted for a targgbal of meeting bothprimary contact
recreational use (swimmingyiteria: 0% exceedance of 126 cfu/100r&L coli for the
monthly geometric mean and less than 10% exceedance of 235 cfu/1@0 ouli for
single samples The existing condition, Scenario 1, shods.8% violations of the
geometric mean standard. Scenario 2 (eliminating straight pipe inputs) showed some
improvement yiolation rate10.4%. Scenario 3 showed that eliminating straight pipes
and direct inputs from livestock would provide additional water quality benefits.
Scenario number 5 showed that elimination of all anthropogenic sources proaded
additional water quality improvement in terms of the water quality violation rate
Scenario 7 requires a5% reduction toboth direct and indirectwildlife sources in
addition to reductions in all anthropogenic categories. This sceaeliieves both 0%
violations of tle monthly geometricnean criterion and less than 10% violations of the
singlesample criterion.Scenario 7 will be the target goal during the implementation of

best management practices (BMPs).
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Table5.22  Allocation scenarios for reducing current bacteria loads in Upper Pamunkey/North Anna River TMDL
watershed unit (Subwatersheds 13,15,16,17,18,19,37,38,39).

Percent Reductions to Existing Bacteria Loads

NOILVOOTIV 1VId31oVvd

VADEQ E. coli

Humanand  Standard percent

Agricultural Land Pet Land violations
Wil dlife Land Based Based Human Direct Based

Wildlife  Barren®, Commercial, Livestock  Cropland, Pasture, %>Inst.
Scenario  Direct Forest Direct LAX ? Straight Pipes Residential % >GM?®  Std?
1 0 0 0 0 0 0 45.8 14.9
2 0 0 0 0 100 0 10.4 14.2
3 0 0 100 0 100 0 2.1 14.2
5 0 0 100 100 100 100 2.1 9.3
6* 25 25 100 99 100 99 0.00 8.5

GZ-S

'Barren- Areas of bedrock, strip mines, gravel pits, and other accumulations of earthen material. Generally, vegetation acessmnlEnfdi5Ps of total cover.

2LAX - livestock pasture access near flowing streams.

3percent violations of the monthly Geometric Mean (GM) criterion (126 cfu/10Bnaoli) or the instantaneous standard (Inst. Std.) (235 cfu/1Bnaoli) in
the Aworgnmentcaseod s

*Final TMDL Scenario.
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Figure 5-3 shows the existing and allocated monthly geometric mEancoli

concentrationsin the Upper Pamunkey/North Anna River TMDL watershed unit
(subwatershed 37) Subwatershed7 is shown because it was the most limiting
subwatershedh the TMDL watershed The graph shows existing conditions in black,

with allocated conditions overlaid in blue.
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Figure 5-3  Existing and allocated monthly geometric mean instream E. coli
concentrations in Upper Pamunkey/North Anna River TMDL
watershed unit.

Table 5.23 contains estimates of existing and allocatedgtieamE. coli loads at the

Upper Pamukey/North Anna River TMDL watershed unit outlet reported as average
annual cfu per year. The estimated able 5.23 are generated from available data, and
these values are specific to the impairment outlet ®atlocation rainfall for the current

land use distribution in the watershed. The percent reductions needed to meet zero
percent violations of the 126 cfu/100mL geometric mean standard are given in the final

column.

Table C- 1 through Table C- 4 in AppendixC include the lanébased fecal coliform
load distributions and offer more details for specific implementation development and

source assessment evaluation.
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Table5.23  Estimated existing and allocatecE. coliin-stream loads in theUpper

Pamunkey/North Anna River TMDL watershed unit.

Total Annual Total Annual
Source Loading for Existing Loadi'ng for Percert
Run Allocation Run Reduction
(cfulyr) (cfulyr)
Land Based
Developed* 5.38E+13 5.38E+11 99
Commercial* 2.71E+12 2.03E+12 25
Barren** 3.57E+12 2.68E+12 25
Forest 4.87E+14 3.65E+14 25
Pasture 5.41E+14 5.41E+12 99
Cropland 2.00E+14 2.00E+12 99
Wetland 1.05E+14 7.85E+13 25
LAY F** 1.54E+13 1.54E+11 99
Direct
Human 4. 70E+13 0 100
Livestock 5.10E+12 0 100
Wildlife 2.15E+13 1.61E+13 25
Permitted Source 1.44E+13 1.44E+13 0
Upstream Load 9.02E+14 3.97E+14 55.97
Future Growth Na 1.81E+13 na
Total Loads 2.40E+15 9.03E+14 62.33

*Qutside of MS4 areas

** Barreni Areas of bedrock, strip mines, gravel pits, and other accumulations of earthen materia
Generally, vegetation accounts for less than 15% of total cover.

»* | AX T livestock pasturaccess near flowing streams.

Table 5.24 shows the average annual TMDL, which gives the average amount of bacteria
that can be present in the stream in a given year, and still meet the water quality standard.
These values are output from the HSPF model and incorporeggeiam dieoff and

other hydrological and environmental processes involved during runoff and stream
routing techniques within the HSPF model framework. To account for future growth of
urban and esidential human populations, two percent of the final TMDL was set aside

for future growth in the WLA portion.

Multiple Municipal Separate Storm Sewer System (MS4) permits Storm Sewer System

(MS4) permitsexistwithin the study area. In most cases, M#8das are overlapping or
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intertwined and there is currently no standardized technology for disaggregating the MS4
loads to assign individual Waste Load Allocations. EPA, DEQ, and DCR support the
aggregation of MS4 WLAs for this reason. Additionally, @gmtion encourages
stakeholder cooperation and speeds the implementation of appropriate BMPs to address

reductions required by the TMDLSs.

Table5.24  Final average annual instream E. coli bacterial loads (cti/year)
modeled after TMDL allocation in the Upper Pamunkey/North Anna
River TMDL watershed unit.

_ WLA! LA MOS TMDL ®
Impairment

(cfulyr)  (cfulyr) (cfulyr)
Upper Pamunkey/North Anna River 3.24E+13 8.71E+14 9.0F&+14
VA0062154 1.39E+11
VA0029521 1.10E+13
VA0068314 8.71E+09

MS4 VDOTin Hanover County
(VAR040115)
Future Growth 1.81E+13

MS4 Hanover Countyv(AR040012)
} ? 3.2E+12

TThe WLA reflects an allocation for potential future permits issued for bacteria controlisg\red permit

will include bacteria effluent limits in accordance with applicable permit guidance and will ensure that the
discharge meets the applicable numeric water quality criteria for bacteria at tbeppd.

2Each of the municipality MS4 loades been aggregated with a portion of the adjacent VDOT MS4 load,
due to the continuity of the system. For MS4/VSMP permits, the permittee may address the TMDL WLAs
for stormwater through the iterative implementation of programmatic BMPs.

% The Load Allaation is the remaining loading allowed after the MOS and WLA are subtracted from the
TMDL as determined for the downstream end of the impaired segment, the watershed outlet. This value
may be different from the tables providing nonpoint source ldal¢ 5.23) because of factors such as
bacteria die off that occur between the point of deposition and the modeled watershed outlet.

Starting in 2007, the USEPA has mandated that TMDL studies include a daily load as
well as the average annual load previously shown. The approach to developing a daily
maximum load was similar to the USEPA approved approach to developing load duration
bacterial TMDLs. The daily average-streamloads for the Upper Pamunkey/North
Anna Rver TMDL watershed unit are shown ifable 5.25. The daily TMDL was
calculated using the 8%ercentile daily flow condition during the allocation time period

at the numeric water quality criterion of 235 cfudihfl. This calculation of the daily

TMDL does not account for varying stream flow conditions.
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Table5.25 Final average daily instream E. coli bacterial loads (cfu/day) modeled
after TMDL allocation in the Upp er Pamunkey/North Anna River
TMDL watershed unit.

WLA? LA MOS TMDL ?

Impairment (cfu/day) (cfu/day) (cfu/day)
Upper Pamunkey/North Anna River 8.8%E+10 5.4F+13 5.44+13

VA0062154 3.82E+08

VA0029521 3.02E+10

VA0068314 2.38E+07

MS4 VDOTin Hanover County
(VAR040115)
Future Growth 4.95+10

TThe WLA reflects an allocation for potential future permits issued for bacteria control. Any issued permit
will include bacteria effluentimits in accordance with applicable permit guidance and will ensure that the
discharge meets the applicable numeric water quality criteria for bacteria at tbeppd.

2The TMDL is presented for the 99th percentile daily flow condition at the ricmeter quality criterion

of 235 cfu/100ml. The TMDL is variable depending on flow conditions. The numeric water quality
criterion will be used to assess progress toward TMDL goals.

3Each of the municipality MS4 loads has been aggregated with a poftiba adjacent VDOT MS4 load,

due to the continuity of the system. For MS4/VSMP permits, the permittee may address the TMDL WLAs
for stormwater through the iterative implementation of programmatic BMPs.

MS4 Hanover Countyv(AR040012)
} ° 8.75E+09

5.4.5 Middle Pamunkey River TMDL Watershed Unit (VAP-F12R_CRUO01A02,
VAP-F12R_KERO01A12, VAP-F12R_XJC01A12, VAP-F12R_PLDO01A12,
VAP-F12R_MCPO03A06, VAP-F12R_XEGO01A06 and VAP-
F12R_MCPO0O1A94)

Table 5.26 shows allocation scenarios used to determine the final TMDL for the #iddl
Pamunkey River TMDL watershed unit. Becawsdk of the waters in this TMDL
watershed unit are riverine (freshwater), the bacterial indicator assessefl. wab.
Modeling was conducted for a targgial of meeting bothprimary contact recreational

use (swimming) criteria: 0% exceedance of 126 cfu/100n&. coli for the monthly
geometric mean and less than 10% exceedance of 235 cfu/10®. wodli for single
samples The existing condition, Scenario 1, shodis @6 violations of the geometric
mean stadard. Scenario 2 (eliminating straight pipe inputs) showed some improvement
(violation rate20.8%). Scenario 3 showed that eliminating straight pipes and direct
inputs from livestock would provide additional water quality benefits. Scenario number
5 shaved that elimination of all anthropogenic sources provided considerable water

quality improvement but there were still exceedances. Scenario 7 requi@% a
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reduction to directand indirect wildlife sources in addition to reductions in all
anthropogeniccategories. This scenarechieves both 0% violations of the monthly
geometriemean criterion and less than 10% violations of the sisgfeple criterion.
Scenario 7 will be the target goal during the implementation of best management

practices (BMPs).
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Table5.26  Allocation scenarios for reducing current bacteria loads irthe Middle Pamunkey River TMDL watershed unit
(11,12,33,34,35,36,4%1).

Percent Reductions to Existing Bacteria Loads

JuswdojaAaq TanNL

NOILVOOTIV 1VId31ovd

VADEQ E. coli

Standard percent

Agricultural Land Human and Pet violations
Wildlife Land Based Based Human Direct Land Based

Wildlife  Barren®, Commercial, Livestock  Cropland, Pasture, %>Inst.
Scenario  Direct Forest Direct LAX ? Straight Pipes  Residential % > GM®  std?
1 0 0 0 0 0 0 41.7 12.8
2 0 0 0 0 100 0 20.8 12.6
3 0 0 100 0 100 0 12.5 12.5
5 0 0 100 100 100 100 6.3 5.4
6 25 25 100 99 100 99 0.0 5.1
7t 20 20 100 99 100 99 0.0 5.1

TE-S

IBarren- Areas of bedrock, strip mines, gravel pits, and other acaiionb of earthen material. Generally, vegetation accounts for less than 15% of total cover.

2LAX - livestock pasture access near flowing streams.

3percent violations of the monthly Geometric Mean (GM) criterion (126 cfu/10Bnaoli) or the instantaners standard (Inst. Std.) (235 cfu/100iELcoli) in
the Aworst cased0 segment.

*Final TMDL Scenario.
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Figure 5-4 shows the existing and allocated monthly geometric mEancoli
concentrationsn the Middle PamunkeRiver TMDL watershed unit (subwatershet).5
Subwatershed bis shown because it was the most limiting subwatergihéide TMDL
watershed unit The graph shows existing conditions in black, with allocated conditions
overlaid in blue.
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Figure 5-4  Existing and allocated monthly geometric mean irstream E. coli
concentrations in the Middle Pamunkey River TMDL watershed
unit (Subwatershed 51)

Table 5.27 contains esmates of existing and allocated-streamE. coli loads at the
Middle Pamunkey River TMDL watershed unit outlet reported as average annual cfu per
year. The estimates fable 5.27 are generated from availablatd, and these values are
specific to the impairment outlet for the allocation rainfall for the current land use
distribution in the watershed. The percent reductions needed to meet zero percent

violations of the 126 cfu/100mL geometric mean standardiaes in the final column.

Table C- 1 throughTable C- 4 in AppendixC include the lanébased fecal coliform load
distributions and offer more details for specific impletaéion development and source

assessment evaluation.
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Table 5.27 Estimated existing and allocatecE. coliin-stream loads in theMiddle
Pamunkey River TMDL watershed unit.

Total Annual Total Annual
Source anglmg for Loadllng for Perce_nt
Existing Run Allocation Run Reduction
(cfulyr) (cfulyr)
Land Based
Developed* 4.31E+12 4.31E+10 99
Commercial* 8.94E+11 7.16E+11 20
Barren 7.76E+11 6.21E+11 20
Forest 1.08E+14 8.65E+13 20
Pasture 2.75E+14 2.75E+12 99
Cropland 3.11E+14 3.11E+12 99
Wetland 6.49E+13 5.19E+13 20
LAX** 2.45E+12 2.45E+10 99
Direct
Human 2.23E+13 0.00E+00 100
Livestock 3.16E+12 0.00E+00 100
Wildlife 1.25E+13 1.00E+13 20
Permitted Sources 1.92E+12 1.92E+12 0
Upstream Load 2.40E+15 9.03E+14 62.67
Future Growth na 2.17E+13 na
Total Loads 3.21E+15 1.08E+15 66.23

*Qutside of MS4 areas

** Barreni Areas of bedrock, strip mines, gravel pits, and other accumulations of earthen materi
Generally, vegetation accots for less than 15% of total cover.

*** LAX T livestock pasture access near flowing streams.

Table 5.28 shows the average annual TMDL, which gives the average amount of bacteria
that can be present in the stnein a given year, and still meet the water quality standard.
These values are output from the HSPF model and incorporsteeam dieoff and

other hydrological and environmental processes involved during runoff and stream
routing techniques within thdSPF model framework. To account for future growth of
urban and residential human population# percent of the final TMDL was set aside

for future growth in the WLA portion.

Multiple Municipal Separate Storm Sewer System (MS4) perexist within the study

area. In most cases, MS4 areas are overlapping or intertwined and there is currently no
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standardized technology for disaggregating the MS4 loads to assign individual Waste
Load Allocations. EPA, DEQ, and DCR support the aggregation of MS4 WAk

reason. Additionally, aggregation encourages stakeholder cooperation and speeds the
implementation of appropriate BMPs to address reductions required by the TMDLSs.

Table5.28 Final average annual instream E. coli bacterial loads (cfu/year)
modeled after TMDL allocation in the Middle Pamunkey River
TMDL watershed unit.

_ WLA? LA MOS TMDL 3
Impairment

(cfulyr)  (cfulyr) (cfulyr)

Middle PamunkeyRiver 2.3E+13 1.06E+15 1.0&+15
VA0020664 6.05E+10
VA0020630 3.31E+10
VAG404066 1.746+09
VAG404236 1.746+09

MS4 Hanover Countyv(AR040012)
MS4 Town of Ashland (VARO40()1]} 2 1 gori1o
MS4 VDOTin Hanover County '
(VAR040115)
Future Growth 2.17E+13

'The WLA reflects an allcation for potential future permits issued for bacteria control. Any issued permit
will include bacteria effluent limits in accordance with applicable permit guidance and will ensure that the
discharge meets the applicable numeric water quality crit@ribacteria at the ernaf-pipe.

2Each of the municipality MS4 loads has been aggregated with a portion of the adjacent VDOT MS4 load,
due to the continuity of the system. For MS4/VSMP permits, the permittee may address the TMDL WLAs
for stormwater throgh the iterative implementation of programmatic BMPs.

% The Load Allocation is the remaining loading allowed after the MOS and WLA are subtracted from the
TMDL as determined for the downstream end of the impaired segment, the watershed outlet. This value
may be different from the tables providing nonpoint source ldathlé 5.27) because of factors such as
bacteria die off that occur between the point of deposition and the modeled watershed outlet.

Starting in 200, the USEPA has mandated that TMDL studies include a daily load as
well as the average annual load previously shown. The approach to developing a daily
maximum load was similar to the USEPA approved approach to developing load duration
bacterial TMDLs. The daily averagén-streamloads for the Middle Pamunkey River
TMDL watershed unit are shown fable 5.29. The daily TMDL was calculated using

the 99" percentile daily flow condition during the allocation tifperiod at the numeric
water quality criterion of 235 cfu/100ml. This calculation of the daily TMDL does not

account for varying stream flow conditions.
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Table5.29 Final average daily instream E. coli bacterial loads (cfu/day) modeled
after TMDL allocation in the Middle Pamunkey River TMDL
watershed unit

WLA? LA MOS TMDL ?

Impairment (cfu/day) (cfu/day) (cfu/day)
Middle PamunkeyRiver 6.45%E+10 5.9 +13 5.9%€+13

VA0020664 1.66E+08

VA0020638 9.06E+07

VAG404066 4.7TE+06

VAG404236 4.7TE+06

MS4 Hanover Countyv(AR040012)
MS4 Town of Ashland (VAR040011 ] s 5 0CE+09
MS4 VDOTin Hanover County '
(VAR040115)
Future Growth 5.9F+10
'The WLA reflects an allocation for potentiaiture permits issued for bacteria control. Any issued permit
will include bacteria effluent limits in accordance with applicable permit guidance and will ensure that the
discharge meets the applicable numeric water quality criteria for bacteria atitbepgpe.
2The TMDL is presented for the 99th percentile daily flow condition at the numeric water quality criterion
of 235 cfu/100ml. The TMDL is variable depending on flow conditions. The numeric water quality
criterion will be used to assess pregs toward TMDL goals.
3 Each of the municipality MS4 loads has been aggregated with a portion of the adjacent VDOT MS4 load,
due to the continuity of the system. For MS4/VSMP permits, the permittee may address the TMDL WLAs
for stormwater through theeitative implementation of programmatic BMPs.

5.4.6 Lower Pamunkey (Tidal) TMDL Watershed Unit (VAP-F13R_XDX01A04,
VAP-F13R_XDWO01A08, VAP-F13R_JCK01A98, VAP-
F14R_HSNO1AOQ00, VAP-F14R _XJD 01A12, VAP-F14E_HSNO1A12,
VAP-F14E_PMKO02A00, VAP-F14E_PMKO03AO00, VAP-
F14E_PMKO04A00, VAP-F13R_MLY01A12, VAP-F13R_MDQO01A98,
VAP-F13E_PMKO03A06, VAP-F13E_PMK02A98, VAP-F13E_PMKO01A98
and VAP-F13R_MNQO01A98)

Table 5.30 shows allocation scenarios used to determine the final TMDL fordiaeer
Pamunlkey River TMDL watershed unit. Becausdl of the waters in this TMDL
watershed unit are riverine (freshwater) or freshwater estuarine, the bacterial indicator
assessed wds. coli. Modeling was conducted for a targgtal of meeting bottprimary
contactrecreational use (swimmingyiteria: 0% exceedance of 126 cfu/100r&L coli

for themonthly geometric mean and less than 10% exceedance of 235 cfu/IB0cwiL

for single samples The existing condition, Scenario 1, sho&8% violations of the
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geametric mean standard. Scenario 2 (eliminating straight pipe inputs) showed some
improvement (violation rat&é4.6%). Scenario 3 showed that eliminating straight pipes

and direct inputs from livestock would provide additional water quality benefits.
Scenaio number 5 showed that elimination of all anthropogenic sources provided
considerable water quality improvement but exceedances persisted. Scenario 7 requires a
30% reduction to direcend indirectwildlife sources in addition to reductions in all
anthiopogenic categories. This scenaachieves both 0% violations of the monthly
geometriemean criterion and less than 10% violations of the sisgteple criterion.
Scenario 7 will be the target goal during the implementation of best management
practice§BMPSs).
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Table 5.30 Allocation scenarios for reducing current bacteria loads irthe Lower Pamunkey TMDL watershed unit
(Subwatersheds 110,2%28,30,31)

Percent Reductions to Existing Bacteria Loads

VADEQ E. coli

Standard percent

Agricultural Land Human and Pet violations
Wildlife Land Based Based Human Direct Land Based

Wildlife  Barren®, Commercial, Livestock  Cropland, Pasture, %>| nst.
Scenario  Direct Forest Direct LAX 2 Straight Pipes  Residential % > GM? Std.2
1 0 0 0 0 0 0 20.8 16.4
2 0 0 0 0 100 0 14.6 15.7
3 0 0 100 0 100 0 14.6 15.7
5 0 0 100 100 100 100 4.2 11.6
6 25 25 100 99 100 99 4.2 10.1
7t 30 30 100 99 100 99 0.0 9.7

LEG

Juswdojana@ TanNL

TBarren- Areas of bedrock, strip mines, gravel pits, and othenmailations of earthen material. Generally, vegetation accounts for less than 15% of total cover.

2LAX - livestock pasture access near flowing streams.

3percent violations of the monthly Geometric Mean (GM) criterion (126 cfu/10Bnuboli) or the instataneous standard (Inst. Std.) (235 cfu/100Elcoli) in
the Aworst cased0 segment .

*Final TMDL Scenario.
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Figure 5-5 shows the existing and allocated monthly geometric mEancoli
concentrationsin the Lower Pammokey TMDL watershed unit(subwatershed 23)
Subwatershe@3 is shown because it was the most limiting subwatershéueiMDL
watershed unit The graph shows existing conditions in black, with allocated conditions
overlaid in blue.
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Figure 5-5  Existing and allocated monthly geometric mean irstream E. coli
concentrations Lower Pamunkey TMDL watershed unit
(Subwatershed 23)

Table 5.31 contains estimates of existj and allocated #streamE. coli loads at the
Lower Pamunkey TMDL watershed unit outlet reported as average annual cfu per year.
The estimates iMable 5.31 are generated from available data, and these val@es ar
specific to the impairment outlet for the allocation rainfall for the current land use
distribution in the watershed. The percent reductions needed to meet zero percent

violations of themonthlygeometric meaariteriaare given in the final column.

Table C- 1 throughTable C- 4 in AppendixC include the lanébased fecal coliform load
distributions and offer more details for specific implementation development and source
assessment evaluation.
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Table5.31 Estimated existing and allocatecE. coli in-stream loads in theLower

Pamunkey TMDL watershed unit.

Total Annual Total Annual
Source anqllng for Loadlng for Percent
Existing Run All ocation Run Reduction
(cfulyr) (cfulyr)
Land Based
Developed* 7.09E+13 7.09E+11 99
Commercial* 4.35E+11 3.05E+11 30
Barren** 7.61E+11 5.33E+11 30
Forest 3.93E+14 3.14E+14 20
Pasture 5.13E+14 5.13E+12 99
Cropland 8.41E+14 8.41E+12 99
Wetland 3.34E+14 2.34E+14 30
LAX*** 1.19E+13 1.19E+11 99
Direct
Human 7.82E+13 0 100
Livestock 1.65E+13 0 100
Wildlife 1.56E+14 1.09E+14 30
Permitted Sources 5.03E+12 5.03E+12 0
Upstream Load 3.21E+15 1.08E+15 66.46
Future Growh na 3.60E+13 na
Total Loads 5.63E+15 1.79E+15 68.00

*Qutside of MS4 areas

** Barreni Areas of bedrock, strip mines, gravel pits, and other accumulations of earthen materia
Generally, vegetation accounts for less than 15% of total cover.

*** _LAX T livestock pasture access near flowing streams.

Table 5.32 shows the average annual TMDL, which gives the average amount of bacteria
that can be present in the stream in a given year, and still meet the waitgragaadiard.
These values are output from the HSPF model and incorporsteeam dieoff and

other hydrological and environmental processes involved during runoff and stream
routing techniques within the HSPF model framework. To account for futuwelyad

urban and residential human populationsy percent of the final TMDL was set aside

for future growth in the WLA portion.
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Multiple Municipal Separate Storm Sewer System (MS4) perexist within the study

area. In most cases, MS4 areas arelapping or intertwined and there is currently no
standardized technology for disaggregating the MS4 loads to assign individual Waste
Load Allocations. EPA, DEQ, and DCR support the aggregation of MS4 WLAs for this
reason. Additionally, aggregation encages stakeholder cooperation and speeds the
implementation of appropriate BMPs to address reductions required by the TMDLs. To
account for future growth of urban and residential human populations, two percent of the
final TMDL was set aside for future guth in the WLA portion.

Table5.32  Final average annual inrstreamE. col bacterial loads (cfu/year)
modeled after TMDL allocation in the Lower Pamunkey TMDL
watershed unit.

WLA? LA MOS T™MDL 3

Impairment (cfulyr)  (cfulyr) (cfulyr)
Lower Pamunkeyiver 5.3&+13 1.7%E+15 1.8CE+15

VA0067121 5.2F&+10

VA0089915 1.74E+13

VA0023914 3.48&+10

VA0091537 1.3%E€+10

VA0088102 1.74E+11

MS4 VDOTin Hanove County
(VAR040115)
Future Growth 3.6(E+13

MS4 Hanover Countyv(AR040012)
} 2 1.16E+11

TThe WLA reflects an allocation for potential future permits issued for bacteria control. Any issued permit
will include bacteria effluent limits in accordance with applicable permit goilamd will ensure that the
discharge meets the applicable numeric water quality criteria for bacteria at tbepepd.

2Each of the municipality MS4 loads has been aggregated with a portion of the adjacent VDOT MS4 load,
due to the continuity of theystem. For MS4/VSMP permits, the permittee may address the TMDL WLAs
for stormwater through the iterative implementation of programmatic BMPs.

% The Load Allocation is the remaining loading allowed after the MOS and WLA are subtracted from the
TMDL as cetermined for the downstream end of the impaired segment, the watershed outlet. This value
may be different from the tables providing nonpoint source ldal¢ 5.31) because of factors such as
bacteria die off tht occur between the point of deposition and the modeled watershed outlet.

Starting in 2007, the USEPA has mandated that TMDL studies include a daily load as
well as the average annual load previously shown. The approach to developing a daily
maximum loa was similar to the USEPA approved approach to developing load duration
bacterial TMDLs. The daily average-streamloads for the Lower Pamunkey TMDL

watershed unit are shown Trable 5.33. The daily TMDL was alculated using the §9
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percentile daily flow condition during the allocation time period at the numeric water
quality criterion 0f235 cfu/100mIE. coli. This calculation of the daily TMDL does not

account for varying stream flow conditions.

Table 5.33  Final average daily instream E. coli bacterial loads (cfu/day) modeled
after TMDL allocation in the Lower Pamunkey TMDL watershed

unit.
_ WLA! LA MOS  TMDL?
Impairment (cfulday) (cfu/day) (cfulday)
Lower FamunkeyRiver 1.47E+11 9.65+13 9.67E+13
VA0067121 1.4FE+08
VA0089915 4.77E+10
VA0023914 9.5€+07
VA0091537 3.82E+07
VA0088102 4.77E+08

MS4 VDOTin Hanover County

(VAR040115)

Future Growth 9.86E+10
TThe WLA reflects an allocation for potential future permits issued for bacteria control. Any issued permit
will include bacteria effluent limits in accordance with applicable permit guidance and will ensure that the
dischage meets the applicable numeric water quality criteria for bacteria at thaf-pipe.
2The TMDL is presented for the 99th percentile daily flow condition at the numeric water quality criterion
of 235 cfu/100ml. The TMDL is variable depending on floanditions. The numeric water quality
criterion will be used to assess progress toward TMDL goals.
3Each of the municipality MS4 loads has been aggregated with a portion of the adjacent VDOT MS4 load,
due to the continuity of the system. For MS4/VSMPpts, the permittee may address the TMDL WLAs
for stormwater through the iterative implementation of programmatic BMPs.

MS4 Hanover Countyv(AR040012)
} ° 3.00E+08
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6. IMPLEMENTATION

Once a TMDL has been approved by EPA, measures must be taken to reduce pollution
levels from both point and nonpri sources. EPA requires that there is reasonable
assurance that TMDLs can be implemented. TMDLs represent an attempt to quantify the
pollutant load that might be present in a waterbody and still ensure attainment and
maintenance ofvater quality standards.The Commonwealth intends to use existing

programs in order to attain water quality goals.

The following sections outline the framework used in Virginia to provide reasonable

assurance that the required pollutant reductiondeachieved.

6.1 Continuing Planning Process and Water Quality Management

Planning

As part of the Continuing Planning Process, VADEQ staff will present both- EPA

approved TMDLs and TMDL implementation plans to the State Water Control Board

(SWCB) for inclusionin the appropriate Water Quality Management Plan (WQMP), in
accordance with the Clean Water Actods Sectio
Guidelines for Water Quality Management Planning.

VADEQ staff will also request that the SWCB adopt TMBILAS as part of the Water
Quality Management Planning Regulation (9VAGZ2D), except in those cases when
permit limitations are equivalent to numeric criteria contained in the Virginia Water
Quality Standards, such as in the case for bacteria. Thidategu action is in
accordance with 82-:2006A.4.c and §2:2006B of the Code of Virginia. SWCB actions
relating to water quality management planning are described in the public participation
guidelines referenced above and can be found on the VADEQ vtebusder

www.deg.state.va.us/export/sites/default/tmdl/pdf/ppp.pdf.

6.2 Staged Implementation

In general, Virginia intends for the required control actions, including Best Management
Practices (BMPs), to be implemented in an iterative process that firstsaglslrhose
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sources with the largest impact on water qualityhe iterative implementation of

pollution control actions in the watershed has several benefits:

1. It enables tracking of water quality improvements following implementation
through followup steam monitoring;

2. It provides a measure of quality control, given the uncertainties inherent in
computer simulation modeling;

3. It provides a mechanism for developing public support through periodic updates
on implementation levels and water quality improvatag

4. It helps ensure that the most cost effective practices are implemented first; and

5. It allows for the evaluation of the adequacy of the TMDL in achieving water
guality standards.

6.3 Implementation of Waste Load Allocations

Federal regulations require thall new or revised National Pollutant Discharge
Elimination System (NPDES) permits must be consistent with the assumptions and
requirements of any applicable TMDL WLA (40 CFR 8122.44 (d)(1)(vii)(B)). All such

permits should be submitted to EPA for revie

6.3.1 Stormwater

Prior to July 1, 2013, VADEQand VADCR coordinated separate state permitting
programs that regulated the management of pollutants carried by stormwater runoff.
Since July 1VADEQ regulates both stormwater discharges associated with iradust
activities through its VPDES program, and stormwater discharges from construction sites
and from Municipal Separate Storm Sewer Systems (MS4s) through its VSMP program.
As with nonstormwater permits, all new or revised stormwater permits must be
corsistent with the assumptions and requirements of any applicable TMDL WLA. If a
WLA is based on conditions specified in existing permits, and the permit conditions are
being met, no additional actions may be needed. If a WLA is based on reduced pollutant
loads, additional pollutant control actions will need to be implementddore
information regarding these programs can be found at

http://www.deq.virginia.gov/Programs/\\éa/StormwaterManagement.aspx
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6.3.2 TMDL Modifications for New or Expanding Discharges

Permits issued for facilities with wasteload allocations developed as part of a Total
Maximum Daily Load (TMDL) must be consistent with the assumptions and
requirements ofhtese wasteload allocations (WLA), as per EPA regulations. In cases

where a proposed permit modification is affected by a TMDL WLA, permit and TMDL

staff must coordinate to ensure that new or expanding discharges meet this requirement.

In 2005, VADEQ issed guidance memorandum -2611 describing the available

options and the process that should be followed under those circumstances, including

public participation, EPA approval, State Water Control Board actions, and coordination
between permit and TMDL stf f . The guidance memorandum i ¢

web site atvww.deg.virginia.gov/waterquidance/

6.4 Implementation of Load Allocations

The TMDL program does not impart new implementation authorities. Therefore, the
Commonwealth intends to use existpigpgrams to the fullest extent in order to attain its
water quality goals. The measurestion point source reductions, which can include the
use of better treatment technology and the installation of best management practices
(BMPs), are implemented ian iterative process that is described along with specific

BMPs in the TMDL implementation plan.

6.4.1 Implementation Plan Development

For the i mplementation of the TMDLG6s LA con
will be developed that addresses at a minimbenrequirements specified in the Code of

Virginia, Section 62.444.19:7. State law directs the State Water Control Board to
Adevel op and i mplement a plan to achieve fu
The i mpl ement at i o ndatp of expectédsadhiavierhentiofrwatér qualey t h e

objectives, measurable goals, corrective actions necessary and the associated costs,

benefits and environment al i mpacts of addre
minimum elements of an approvable impeemt ati on plan in 1ts 1909
Water QualityBa s e d Deci si ons: The TMDL Processo.

implementation actions/management measures, timelines, legal or regulatory controls,
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time required to attain water quality standards, mtooimg plans and milestones for

attaining water quality standards.

I n order to qualify for ot her funding sourt
additional plan requirements may need to be ifie¢. detailed process for developing an
implementation platnas been described in the ATMDL I m
Manual o, published in July 2003. It i s ava
project staff or atvww.deg.virginia.gov/tmdl/implans/ipguide.pdf

Watershed stakeholders will have oppotties to provide input and to participate in the
development of the TMDL implementation plan. Regional and local offices of VADEQ,

and other cooperating agencies are technical resources to assist in this endeavor.

With successful completion of implemetiten plans, local stakeholders will have a
blueprint to restore impaired waters and enhance the value of their land and water
resources. Additionally, development of an approved implementation plan may enhance

opportunities for obtaining financial and kexcal assistance during implementation.
6.4.2 Staged Implementation Scenarios

6.4.2.1 Bacteria

The purpose of the staged implementation scenarios is to identify one or more
combinations of implementation actions that result in the reduction of controllable
sources tohe maximum extent practicable using eefective, reasonable BMPs for
nonpoint source control. Among the most efficient bacterial BMPs for urban or rural
watersheds are stream side fencing to prevent livestock access to streams, pet waste
cleanup progams, and government or assistance grant programs available to
homeowners with failing septic systems and installation of treatment systems for

homeowners currently using straight pipes.

Actions identified during TMDL implementation plan developmeiatt o beyond what
can be considered cesffective and reasonable will only be included as implementation
actions if there are reasonable grounds for assuming that these actions will in fact be

implemented.
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If water quality standards are not met upon lengentation of all costffective and
reasonable BMPs, a Use Attainability Analysis (UAA) may need to be initiated since
Virginiabds water quality standards all ow
quality standards cannot be attained implementing effluent limits required under
8301b and 8306 of Clean Water Act, dndimplementingcost effective and reasonable
BMPs for nonpoint source control. Additional information on UAAs is presented in
Section 6.6.

6.4.3 Link to Ongoing Restoration Efforts

Implementation of this TMDL will contribute to egoing water quality improvement

efforts aimed at restoring water quality in the Pamunkey River Watershed.

6.4.4 Implementation Funding Sources

The implementation of pollutant reductions from fwregulated nongat sources relies
heavily on incentivébased programs. Therefore, the identification of funding sources for
nonregulated implementation activities is a key to success. Cooperating agencies,
organizations and stakeholders must identify potential fundmgces available for
implementation during the development of the implementation plan in accordance with
the AVirginia Guidance Manual for Tot al
The TMDL Implementation Plan Guidance Manual contains informatioa variety of
funding sources, as well as government agencies that might support implementation
efforts and suggestions for integrating TMDL implementation with other watershed

planning efforts.

Some of the majorgiential sources of funding for n@egulated implementation actions

f

or

Ma x |

may include the U.S. Depart ment of Agricul't

and Environmental Quality Incentive Programs, EPA Section 319 funds, the Virginia
State Revolving Loan Program (also available for permittad/itaes), the Virginia
Water Quality Improvement Fund (available for both point and nonpoint source

pollution), tax credits and landowner contributions.

With additional appropriations for the Water Quality Improvement Fund during the last

two legislatve sessions, the Fund has become a significant funding source for
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agricultural BMPs and wastewater treatment plants. Additionally, funding is being made
available to address urban and residential water quality problems. Information on WQIF
projects andlocations can be found at

http://www.deq.virginia.gov/Programs/Water/CleanWaterFinancingAssistance/WaterQua

litylmprovementFund.aspx

6.5 Follow-Up Monitoring

Following the development of the TMDNMADEQ will make every effort to continue to
monitor the impaired streams in accordance with its ambient monitoring programs.
VADEQ6s Ambi ent Watershed Monit otsicallgforPl an
watershed monitoring to take place on a rotating basis, monthly for one year -gfearsix
cycle. In accordance with DEQ Guidance Memo No. 042005
(http://www.deq.virginia.gov/Portals/0/DEQ/Water/Guidance/042005b,pdf  during
periods of reduced resourcespnitoring can temporarily discontinue until the TMDL

staff determines that implementation measures to address the source(s) of impairments
are being instééd. Monitoring can resume at the start of the following fiscal year, next
scheduled monitoring station rotation, or where deemed necessary by the regional office
or TMDL staff, as a new special stud¥he details of the follovup ambient monitoring

will be outlined in the Annual Water Monitoring Plan prepared by each VADEQ
Regional Office.

VADEQ staff, in cooperation with the Implementation Plan Steering Committee and
local stakeholders, will continue to use data from the ambient monitoring stations to
evaluate reductions in pollutants (fAwater
effectiveness of the TMDL in attaining and maintaining water quality standards, and the
success of implementation efforts. Recommendations may then be made, when
necessary, to target implementation efforts in specific areas and continue or discontinue

monitoring at followup stations.

In some cases, watersheds will require monitoring above and beyond what is included in

o

VADEQO6s standard monyi tneornintgorpilnagn sh.y cAnciizlelna

groups, local government, or universities is an option that may be used in such cases. An

6-6 IMPLEMENTATION


http://www.deq.virginia.gov/Programs/Water/CleanWaterFinancingAssistance/WaterQualityImprovementFund.aspx
http://www.deq.virginia.gov/Programs/Water/CleanWaterFinancingAssistance/WaterQualityImprovementFund.aspx
http://www.deq.virginia.gov/Portals/0/DEQ/Water/Guidance/042005b.pdf

TMDL Development Pamunkey River Watershed, VA

effort should be made to ensure that ancillary monitoring follows established QA/QC
guidelines in order to maximize compatityil with VADEQ monitoring data. In
instances where citizensd monitoring data a
needed to assess the effectiveness of targeting efforts, TMDL staff may request of the
monitoring managers in each regional offare increase in the number of stations or to

monitor existing stations at a higher frequency in the watershed. The additional
monitoring beyond the original bimonthly single station monitoring will be contingent on

staff resources and available laboratbuglget. Mora nf or mati on on VADEQ®O
monitoring andQA/QC guidelines isvailable at

http://www.deq.virginia.goWrograms/Water/WaterQualitylnformationTMDLs/WaterQu

alityMonitoring/CitizenMonitoring.aspx

To demonstrate that the watershed is meeting water quality standards in watersheds
where corrective actions have taken place (whether or not a TMDL or Implementatio
plan has been completed), VADEQ must meet the minimum data requirements from the
original listing station or a station representative of the originally listed segment. The
minimum data requirement for conventional pollutants (bacteria, dissolved oatggn,

is monthly monitoring for one year.

6.6 Attainability of Designated Uses

In some streams for which TMDLs have been developed, factors may prevent the stream

from attaining its designated use.

In order for a stream to be assigned a new designatedruseubcategory of a use, the
current designated use must be removed. To remove a designated use, the state must
demonstrate that the use is not an existing use, and that downstream uses are protected.
Such uses will be attained by implementing effluentité required under 8301b and

8306 of Clean Water Act and by implementing eef$éctive and reasonable best
management practices for nonpoint source control (9 VACGEZELO paragraph ).

The state must also demonstrate that attaining the designatadcoséeasible because:

1. Naturally occurring pollutant concentration prevents the attainment of the use;
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2. Natural, ephemeral, intermittent or low flow conditions prevent the attainment of the
use unless these conditions may be compensated for by dtieadje of sufficient
volume of effluent discharges without violating state water conservation;

3. Humancaused conditions or sources of pollution prevent the attainment of the use and
cannot be remedied or would cause more environmental damage to twareti leave
in place;

4. Dams, diversions 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 wouldiltas the attainment of the use;

5. Physical conditions related to natural features of the water body, such as the lack of
proper substrate, cover, flow, depth, pools, riffles, and the like, unrelated to water quality,
preclude attainment of aquatic lfise protection; or

6. Controls more stringent than those required by 8301b and 8306 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 UARAUAA

may be developed by any stakeholder at any time before, during, or after the TMDL
process All site-specific criteria or designated use changesst be adopted by the
SWCB as amendments to the water quality standards regulations. During tla¢orggu
process, watershexdakeholders and other interested citizens, as well as the EPA, will be
able to provide comment. Additional information can be obtained at

www.deq.virginia.gov/wags/designated.html.

The process to address potentially unattainabtiugtions based on the above is as

follows:

As a first step, measures targeted at the controllable, anthropogenic sources identified in

the TMDLOs staged i mplementation scenari os
that all controllable sources woute reduced to the maximum extent possible using the
implementation approaches described above. VADEQ will continue to monitor water

quality in the stream during and subsequent to the implementation of these measures to
determine if the water quality staardl is attained. This effort will also help to evaluate if

the modeling assumptions were correct. In the-basé scenario, water quality goals will

be met and the streambs uses fully restore

however, water qualitytandards are not being met, and no additional effluent controls
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and BMPs can be identified, a UARAaythen be initiated with the goal of-ceesignating

the stream for a more appropriate use or subcategory of a use.

A 2006 amendment to the Code of Virginiader 62.144.19:7E. provides an opportunity

for aggrieved parties in the TMDL process to present to the State Water Control Board
reasonable grounds indicating that the attainment of the designated use for a water is not
feasible. The Board may then alldhe aggrieved party to conduct a use attainability

analysis according to the criteria listed above and a schedule established by the Board.

The amendment further states that Alf appl ic

TMDL developmentorimpbe ment ati on for the water shall k
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7. PUBLIC PARTICIPATION

Public participation during TMDL development for the Pamunkey River Watershed was
encouraged; a summary of the meetings is presented in TdbleThe first public
meetingswere repeated at 2 locations in the watershed. The two sets of méatikgs
place onFebruary 20 2013 and February 21, 2018t the Snow Branch Library in
SpotsylvaniaVirginia, and at the Ashland Town Hall in Ashland, \inig, respectively

A total of 42 stakeholders attended these meetiilge secondet ofpublic meeting
washeld onFebruary 24, 2014 and February 26, 2014. A total opelbple attendethe
meetings The meetings were publicized by placing notiaeghie Virginia Register,

signs in the watershed, and emailing notices to local stakeholders and representatives.

Table 7.1 Public participation during TMDL development for the Pamunkey
River Watershed.

Date Location Attendance Type
2/20/2013 S”%"gg?gﬂ/;ﬁﬂgf’/fry in 10 1% public
2/21/2013 ASh'Z“S‘gl;?é"”Q/Qa” in 32 1% public
212412014 Asﬁ';"gig;gg‘f bfrary 9 2" public
2/26/2014 Snow Branch Library in 8 ond public

Spotsylvam, VA
The number of attendants is estimated from sign up sheets provided at each meeting.
These numbers are known to underestimate the actual attendance.

Public participation during the implementation plan development process will irttlede
formation of stakeholdersd committees, wi t h
participation is critical to promote reasonable assurances that the implementation
activities will occur. Stakeholder committees will have the express purpose of
formulating the TMDL Implementation Plan. The committees will consist of, but not be

limited to, representatives from VADEQ, VADCR and local governments. These
committees will have the responsibility for identifying corrective actions that are founded

in practcality, establishing a time line to insure expeditious implementation, and setting

measurable goals and milestones for attaining water quality standards.
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GLOSSARY

303(d). A section of the CleaiVater Act of 1972 requiring states to identify and list
water bodies that do not meet the statesod wa

Allocations. That portion of a receiving water's loading capacity attributed to one of its
existing or future pollution sources (nawint or point) or to natural background sources.

(A wasteload allocation [WLA] is that portion of the loading capacity allocated to an
existing or future point source, and a load allocation [LA] is that portion allocated to an
existing or future nonpoirgource or to natural background levels. Load allocations are
best estimates of the loading, which can range from reasonably accurate estimates to
gross allotments, depending on the availability of data and appropriate techniques for
predicting loading.)

Ambient water quality Natural concentration of water quality constituents prior to
mixing of either point or nonpoint source load of contaminants. Reference ambient
concentration is used to indicate the concentration of a chemical that will not cause
adverse impact on human health.

Anthropogenic.Pertains to the [environmental] influence of human activities.

Antidegradation Policies Policies that are part of each states water quality standards.
These policies are designed to protect water quality and geoaimethod of assessing
activities that might affect the integrity of waterbodies.

Aquatic ecosystemComplex of biotic and abiotic components of natural waters. The
aguatic ecosystem is an ecological unit that includes the physical characteristicagsuch
flow or velocity and depth), the biological community of the water column and benthos,
and the chemical characteristics such as dissolved solids, dissolved oxygen, and
nutrients. Both living and nonliving components of the aquatic ecosystem intedact an
influence the properties and status of each component.

Assimilative capacity The amount of contaminant load that can be discharged to a
specific waterbody without exceeding water quality standards or criteria. Assimilative
capacity is used to define thability of a waterbody to naturally absorb and use a
discharged substance without impairing water quality or harming aquatic life.

Background levelsLevels representing the chemical, physical, and biological conditions
that would result from natural gearphological processes such as weathering or
dissolution.

Bacteria. Singlecelled microorganisms. Bacteria of the coliform group are considered
the primary indicators of fecal contamination and are often used to assess water quality.

Bacterial decompositio. Breakdown by oxidation, or decay, of organic matter by
heterotrophic bacteria. Bacteria use the organic carbon in organic matter as the energy
source for cell synthesis.
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Benthic. Refers to material, especially sediment, at the bottom of an aquaticstznosjt
can be used to describe the organisms that live on, or in, the bottom of a waterbody.

Benthic organismsOrganisms living in, or on, bottom substrates in aquatic ecosystems.

Best management practices (BMP#jlethods, measures, or practices deteruai to be
reasonable and cosffective means for a landowner to meet certain, generally nonpoint
source, pollution control needs. BMPs include structural and nonstructural controls and
operation and maintenance procedures.

BioassessmentEvaluation of thecondition of an ecosystem that uses biological surveys
and other direct measurements of the resident biota.

Biochemical Oxygen Demand (BOD)Represents the amount of oxygen consumed by
bacteria as they break down organic matter in the water

Biological Integrity. A water body's ability to support and maintain a balanced,
integrated adaptive assemblage of organisms with species composition, diversity, and
functional organization comparable to that of similar natural, ofimgacted habitat

Biometric. (Biological Metric) The study of biological phenomena by measurements and
statistics.

Box and whisker plot. A graphical representation of the mean, lower quartile, upper
guartile, upper limit, lower limit, and outliers of a data set.

Calibration. The procesof adjusting model parameters within physically defensible
ranges until the resulting predictions give a best possible good fit to observed data.

Cause.l. That which produces an effect (a general definition).
2. A stressor or set of stressors that oatuan intensity, duration and frequency
of exposure that results in a change in the ecological conditiongpeSific
definition).?

Channel. A natural stream that conveys water; a ditch or channel excavated for the flow
of water.

Chloride. An atom of hlorine in solution; an ion bearing a single negative charge.

Clean Water Act (CWA)The Clean Water Act (formerly referred to as the Federal
Water Pollution Control Act or Federal Water Pollution Control Act Amendments of
1972), Public Law 9500, as ametted by Public Law 9483 and Public Law 9117,

33 U.S.C. 1251 et seq. The Clean Water Act (CWA) contains a number of provisions to
restore and maintain the quality of the nation's water resources. One of these provisions
is Section 303(d), which estableshthe TMDL program.

Concentration. Amount of a substance or material in a given unit volume of solution;
usually measured in milligrams per liter (mg/L) or parts per million (ppm).
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Concentratiorbased limit. A limit based on the relative strength of allp@ant in a
waste stream, usually expressed in milligrams per liter (mg/L).

Concentration-response model. A quantitative (usually statistical) model of the
relationship between the concentration of a chemical to which a population or community
of organisns is exposed and the frequency or magnitude of a biological response. (2)

Conductivity. An indirect measure of the presence of dissolved substances within water.
Confluence.The point at which a river and its tributary flow together.

Contamination. The actof polluting or making impure; any indication of chemical,
sediment, or biological impurities.

Continuous discharge. A discharge that occurs without interruption throughout the
operating hours of a facility, except for infrequent shutdowns for maintepnprmeess
changes, or other similar activities.

Conventional pollutants. As specified under the Clean Water Act, conventional
contaminants include suspended solids, coliform bacteria, high biochemical oxygen
demand, pH, and oil and grease.

Conveyance A measure of the of the water carrying capacity of a channel section. It is
directly proportional to the discharge in the channel section.

Costshare program.A program that allocates project funds to pay a percentage of the
cost of constructing or implemeémg a best management practice. The remainder of the
costs is paid by the producer(s).

Crosssectional areaWet area of a waterbody normal to the longitudinal component of
the flow.

Critical condition. The critical condition can be thought of as the "warase" scenario

of environmental conditions in the waterbody in which the loading expressed in the
TMDL for the pollutant of concern will continue to meet water quality standards. Critical
conditions are the combination of environmental factors (e.gn, ftemperature, etc.)

that results in attaining and maintaining the water quality criterion and has an
acceptably low frequency of occurrence.

Decay.The gradual decrease in the amount of a given substance in a given system due to
various sink processesdluding chemical and biological transformation, dissipation to
other environmental media, or deposition into storage areas.

Decomposition Metabolic breakdown of organic materials; the formation ephyducts
of decomposition releases energy and simpignic and inorganic compounds. See also
Respiration.
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Designated useslhose uses specified in water quality standards for each waterbody or
segment whether or not they are being attained.

Dilution. The addition of some quantity of lessncentrated liqud (water) that results in
a decrease in the original concentration.

Direct runoff. Water that flows over the ground surface or through the ground directly
into streams, rivers, and lakes.

Discharge.Flow of surface water in a stream or canal, or the awtflof groundwater
from a flowing artesian well, ditch, or spring. Can also apply to discharge of liquid
effluent from a facility or to chemical emissions into the air through designated venting
mechanisms.

Discharge Monitoring Report (DMR)Report of effient characteristics submitted by a
municipal or industrial facility that has been granted an NPDES discharge permit.

Discharge permits (under NPDES)A permit issued by the EPA or a state regulatory
agency that sets specific limits on the type and amaofupbllutants that a municipality

or industry can discharge to a receiving water; it also includes a compliance schedule for
achieving those limits. The permit process was established under the National Pollutant
Discharge Elimination System, under prowiss of the Federal Clean Water Act.

Dispersion The spreading of chemical or biological constituents, including pollutants, in
various directions at varying velocities depending on the differentistream flow
characteristics.

Dissolved Oxygen (DO)Theamount of oxygen in water. DO is a measure of the amount
of oxygen available for biochemical activity in a waterbody.

Diurnal. Actions or processes that have a period or a cycle of approximately one tidal
day or are completed within a 2¥bur period andHhat recur every 24 hours. Also, the
occurrence of an activity/process during the day rather than the night.

DNA. Deoxyribonucleic acid. The genetic material of cells and some viruses.

Domestic wastewater.Also called sanitary wastewater, consists of waater
discharged from residences and from commercial, institutional, and similar facilities.

Drainage basin.A part of a land area enclosed by a topographic divide from which
direct surface runoff from precipitation normally drains by gravity into a reegiv
water. Also referred to as a watershed, river basin, or hydrologic unit.

Dynamic model.A mathematical formulation describing and simulating the physical
behavior of a system or a process and its temporal variability.

Dynamic simulation.Modeling of he behavior of physical, chemical, and/or biological
phenomena and their variations over time.
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Ecoregion. A region defined in part by its shared characteristics. These include
meteorological factors, elevation, plant and animal speciation, landscapienaesitd
soils.

EcosystemAn interactive system that includes the organisms of a natural community
association together with their abiotic physical, chemical, and geochemical environment.

Effluent. Municipal sewage or industrial liquid waste (untreatedstlly treated, or
completely treated) that flows out of a treatment plant, septic system, pipe, etc.

Effluent guidelines. The national effluent guidelines and standards specify the
achievable effluent pollutant reduction that is attainable based upopéhformance of
treatment technologies employed within an industrial category. The National Effluent
Guidelines Program was established with a phased approach whereby industry would
first be required to meet interim limitations based on best practicabigra technology
currently available for existing sources (BPT). The second level of effluent limitations to
be attained by industry was referred to as best available technology economically
achievable (BAT), which was established primarily for the coofrtoxic pollutants.

Effluent limitation. Restrictions established by a state or EPA on quantities, rates, and
concentrations in pollutant discharges.

Endpoint. An endpoint (or indicator/target) is a characteristic of an ecosystem that may

be affected Y exposure to a stressor. Assessment endpoints and measurement endpoints
are two distinct types of endpoints commonly used by resource managers. An assessment
endpoint is the formal expression of a valued environmental characteristic and should
have societl relevance (an indicator). A measurement endpoint is the expression of an
observed or measured response to a stress or disturbance. It is a measurable
environmental characteristic that is related to the valued environmental characteristic
chosen as thessessment endpoint. The numeric criteria that are part of traditional water
guality standards are good examples of measurement endpoints (targets).

Enhancement.n the context of restoration ecology, any improvement of a structural or
functional attribute.

Erosion. The detachment and transport of soil particles by water and wind. Sediment
resulting from soil erosion represents the single largest source of nonpoint pollution in
the United States.

Eutrophication. The process of enrichment of water bodies hyriants. Waters
receiving excessive nutrients may become eutrophic, are often undesirable for recreation,
and may not support normal fish populations.

Evapotranspiration. The combined effects of evaporation and transpiration on the water
balance. Evapor@n is water loss into the atmosphere from soil and water surfaces.
Transpiration is water loss into the atmosphere as part of the life cycle of plants.
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Fate of pollutants Physical, chemical, and biological transformation in the nature and
changes of theamount of a pollutant in an environmental system. Transformation
processes are pollutaispecific. Because they have comparable kinetics, different
formulations for each pollutant are not required.

Feedlot. A confined area for the controlled feeding ofiraals. Tends to concentrate
large amounts of animal waste that cannot be absorbed by the soil and, hence, may be
carried to nearby streams or lakes by rainfall runoff.

Flux. Movement and transport of mass of any water quality constituent over a given
period of time. Units of mass flux are mass per unit time.

General Standard A narrative standard that ensures the general health of state waters.
All state waters, including wetlands, shall be free from substances attributable to sewage,
industrial waste, 10 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, planggaatic life
(9VAC25-260-20). (4)

GIS. Geographic Information System. A system of hardware, software, data, people,
organizations and institutional arrangements for collecting, storing, analyzing and
disseminating information about areas of the earth. (Dueker and Kjerne, 1989)

Ground water.The supply of fresh water found benee
aquifers, which supply wells and springs. Because ground water is a major source of

drinking water, there is growing concern over contamination from leaching agricultural

or industrial pollutants and leaking underground storage tanks.

HSPF. Hydrological Simulation Prograiin Fortran. A computer simulation tool used to
mathematically model nonpoint source pollution sources and movement of pollutants in a
watershed.

Hydrograph A graph showing variation of stage (depth) or discharge in a stream over a
period of time.

Hydrologic cycle The circuit of water movement from the atmosphere to the earth and its
return to the atmosphere through various stages or processes, such astatienipi
interception, runoff, infiltration, storage, evaporation, and transpiration.

Hydrology. The study of the distribution, properties, and effects of water on the earth's
surface, in the soil and underlying rocks, and in the atmosphere.

Impairment. A detrimental effect on the biological integrity of a water body that
prevents attainment of the designated use.

IMPLND. An impervious land segment in HSPF. It is used to model land covered by
impervious materials, such as pavement.
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Indicator. A measurable cantity that can be used to evaluate the relationship between
pollutant sources and their impact on water quality.

Indicator organism An organism used to indicate the potential presence of other
(usually pathogenic) organisms. Indicator organisms are uUguatsociated with the
other organisms, but are usually more easily sampled and measured.

Indirect causation. The induction of effects through a series of ceaf$ect
relationships, so that the impaired resource may not even be exposed to the indial caus

Indirect effects. Changes in a resource that are due to a series of -eHast
relationships rather than to direct exposure to a contaminant or other stressor.

Infiltration capacity. The capacity of a soil to allow water to infiltrate into or thrbug
during a storm.

In situ. In place; in situ measurements consist of measurements of components or
processes in a fulbcale system or a field, rather than in a laboratory.

Interflow. Runoff that travels just below the surface of the soil.

Leachate.Water that collects contaminants as it trickles through wastes, pesticides, or
fertilizers. Leaching can occur in farming areas, feedlots, and landfills and can result in
hazardous substances entering surface water, ground water, or soil.

Limits (upper and lower). The lower limit equals the lower quartiie 1.5x(upper
quartile i lower quartile), and the upper limit equals the upper quartile + 1.5x(upper
guartilei lower quartile). Values outside these limits are referred to as outliers.

Loading, Load, Loadng rate The total amount of material (pollutants) entering the
system from one or multiple sources; measured as a rate in weight per unit time.

Load allocation (LA). The portion of a receiving waters loading capacity attributed
either to one of its existg or future nonpoint sources of pollution or to natural
background sources. Load allocations are best estimates of the loading, which can range
from reasonably accurate estimates to gross allotments, depending on the availability of
data and appropriateeichniques for predicting the loading. Wherever possible, natural
and nonpoint source loads should be distinguished (40 CFR 130.2(g)).

Loading capacity (LC).The greatest amount of loading a water can receive without
violating water quality standards.

Margin of safety (MOS).A required component of the TMDL that accounts for the
uncertainty about the relationship between the pollutant loads and the quality of the
receiving waterbody (CWA Section 303(d)(1)(C)). The MOS is normally incorporated
into the conserative assumptions used to develop TMDLs (generally within the
calculations or models) and approved by the EPA either individually or in state/EPA
agreements. If the MOS needs to be larger than that which is allowed through the
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conservative assumptions,ditional MOS can be added as a separate component of the
TMDL (in this case, quantitatively, a TMDL = LC = WLA + LA + MOS).

Mass balanceAn equation that accounts for the flux of mass going into a defined area
and the flux of mass leaving the defined afd#e flux in must equal the flux out.

Mass loading.The quantity of a pollutant transported to a waterbody.
Mean. The sum of the values in a data set divided by the number of values in the data set.

Metric ton (Mg or t). A unit of mass equivalent to 10 kilograms. An annual load of
a pollutant is typically reported in metric tons per year (t/yr).

Metrics. Indices or parameters used to measure some aspect or characteristic of a water
body's biological integrity. The metric changes in some predicta#jewith changes in
water quality or habitat condition.

MGD. Million gallons per day. A unit of water flow, whether discharge or withdraw.

Mitigation. Actions taken to avoid, reduce, or compensate for the effects of
environmental damage. Among the brogdcrum of possible actions are those that
restore, enhance, create, or replace damaged ecosystems.

Model. Mathematical representation of hydrologic and water quality processes. Effects of
land use, slope, soil characteristics, and management pracédasladed

Monitoring. Periodic or continuous surveillance or testing to determine the level of
compliance with statutory requirements and/or pollutant levels in various media or in
humans, plants, and animals.

Mo od6s Me ddinenparametre {distoutionfree) test used to test the equality of
medians from two or more populations.

Most Probable Stressor(s) The stressor(s) with the most consistent information linking
it with the poorer benthic and habitat metrics was considered to be the mostlgorobab
stressor(s).

Narrative criteria. Nonquantitative guidelines that describe the desired water quality
goals.

National Pollutant Discharge Elimination System (NPDES)he national program for
issuing, modifying, revoking and -resuing, terminating, motaring, and enforcing
permits, and imposing and enforcing pretreatment requirements, under sections 307, 402,
318, and 405 of the Clean Water Act.

Natural waters. Flowing water within a physical system that has developed without
human intervention, in whicnatural processes continue to take place.
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Nitrogen. An essential nutrient to the growth of organisms. Excessive amounts of
nitrogen in water can contribute to abnormally high growth of algae, reducing light and
oxygen in aquatic ecosystems.

Nonpoint souce. Pollution that originates from multiple sources over a relatively large
area. Nonpoint sources can be divided into source activities related to either land or
water use including failing septic tanks, improper ankke¢ping practices, forest
practices, and urban and rural runoff.

Non-Stressor(s) Those stressors with data indicating normal conditions, without water
guality standard violations, or without the observable impacts usually associated with a
specific stressor, were eliminated as possilbessors.

Numeric targets A measurable value determined for the pollutant of concern, which, if
achieved, is expected to result in the attainment of water quality standards in the listed
waterbody.

Numerical model Model that approximates a solution géverning partial differential
equations, which describe a natural process. The approximation uses a numerical
discretization of the space and time components of the system or process.

Nutrient. An element or compound essential to life, including carbgpgen, nitrogen,
phosphorus, and many others: as a pollutant, any element or compound, such as
phosphorus or nitrogen, that in excessive amounts contributes to abnormally high growth
of algae, reducing light and oxygen in aquatic ecosystems.

Organic matter The organic fraction that includes plant and animal residue at various
stages of decomposition, cells and tissues of soil organisms, and substances synthesized
by the soil population. Commonly determined as the amount of organic material
contained in a @il or water sample.

Parameter. A numerical descriptive measure of a population. Since it is based on the
observations of the population, its value is almost always unknown.

Peak runoff. The highest value of the stage or discharge attained by a flogtbon
event; also referred to as flood peak or peak discharge.

PERLND. A pervious land segment in HSPF. It is used to model a particular land use
segment within a subwatershed (e.g. pasture, urban land, or crop land).

Permit. An authorization, license, @quivalent control document issued by the EPA or
an approved federal, state, or local agency to implement the requirements of an
environmental regulation; e.g., a permit to operate a wastewater treatment plant or to
operate a facility that may generate h&ul emissions.

Permit Compliance System (PCSJomputerized management information system that
contains data on NPDES pernrtblding facilities. PCS keeps extensive records on more
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than 65,000 active watatischarge permits on sites located throughouwt tiation. PCS
tracks permit, compliance, and enforcement status of NPDES facilities.

Phased/staged approachnder the phased approach to TMDL development, load
allocations and wasteload allocations are calculated using the best available data and
informaton recognizing the need for additional monitoring data to accurately
characterize sources and loadings. The phased approach is typically employed when
nonpoint sources dominate. It provides for the implementation of load reduction
strategies while collettg additional data.

Phosphorus. An essential nutrient to the growth of organisms. Excessive amounts of
phosphorus in water can contribute to abnormally high growth of algae, reducing light
and oxygen in aguatic ecosystems.

Point source.Pollutant loads dicharged at a specific location from pipes, outfalls, and
conveyance channels from either municipal wastewater treatment plants or industrial
waste treatment facilities. Point sources can also include pollutant loads contributed by
tributaries to the maimeceiving water stream or river.

Pollutant. Dredged spoil, solid waste, incinerator residue, sewage, garbage, sewage
sludge, munitions, chemical wastes, biological materials, radioactive materials, heat,
wrecked or discarded equipment, rock, sand, cellgr dnd industrial, municipal, and
agricultural waste discharged into water. (CWA section 502(6)).

Pollution. Generally, the presence of matter or energy whose nature, location, or
guantity produces undesired environmental effects. Under the Clean WettefoA
example, the term is defined as the maade or maxnduced alteration of the physical,
biological, chemical, and radiological integrity of water.

Polycyclic aromatic hydrocarbons (PAHsS) arechemical compoundshat consist of
fusedaromaticringsand donot contairheteroatoms®r carrysubstituents PAHs occur in

oil, coal andtar deposits, and are produced as byproducts of fuel burning (whether fossil
fuel or biomass). As a pollutgrthey are of concern because some compounds have been
identified agcarcinogenicmutageni¢c andteratogenic

Possible Stressor(s)Those stressors with data indicating possible links, but inconclusive
data, were considered to be possible stressors.

Postaudit. A subsequent examination and vedfion of a model's predictive
performance following implementation of an environmental control program.

Privately owned treatment work#Any device or system that is (a) used to treat wastes
from any facility whose operator is not the operator of the tneait works and (b) not a
publicly owned treatment works.

Public comment period The time allowed for the public to express its views and
concerns regarding action by the EPA or states (e.g-ederal Registenotice of a
proposed rulemaking, a public nate of a draft permit, or a Notice of Intent to Deny).
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Publicly owned treatment works (POTWAnNy device or system used in the treatment
(including recycling and reclamation) of municipal sewage or industrial wastes of a
liquid nature that is owned by aasé or municipality. This definition includes sewers,
pipes, or other conveyances only if they convey wastewater to a POTW providing
treatment.

Quartile. The 25", 50", and 7%' percentiles of a data set. A percentile (p) of a data set
ordered by magnitle is the value that has at most p% of the measurements in the data set
below it, and (106p)% above it. The 80quartile is also known as the median. Th& 25

and 7%' quartiles are referred to as the lower and upper quartiles, respectively.

Rapid Bioasgssment Protocol Il (RBP I1lI). A suite of measurements based on a
guantitative assessment of benthic macroinvertebrates and a qualitative assessment of
their habitat. RBP Il scores are compared to a reference condition or conditions to
determine to what dege a water body may be biologically impaired.

Reach.Segment of a stream or river.

Receiving watersCreeks, streams, rivers, lakes, estuaries, grenater formations, or
other bodies of water into which surface water and/or treated or untreated waste ar
discharged, either naturally or in manade systems.

Reference Conditions The chemical, physical, or biological quality or condition
exhibited at either a single site or an aggregation of sites that are representative of non
impaired conditions for a warshed of a certain size, land use distribution, and other
related characteristics. Reference conditions are used to describe reference sites.

Reserve capacityPollutant loading rate set aside in determining stream waste load
allocation, accounting fornmcertainty and future growth.

Residence timeLength of time that a pollutant remains within a section of a stream or
river. The residence time is determined by the streamflow and the volume of the river
reach or the average stream velocity and the leofithe river reach.

Restoration Return of an ecosystem to a close approximation of its presumed condition
prior to disturbance.

Riparian areas.Areas bordering streams, lakes, rivers, and other watercourses. These
areas have high water tables and suppmeants that require saturated soils during all or
part of the year. Riparian areas include both wetland and upland zones.

Riparian zone The border or banks of a stream. Although this term is sometimes used
interchangeably with floodplain, the riparian re® is generally regarded as relatively
narrow compared to a floodplain. The duration of flooding is generally much shorter,
and the timing less predictable, in a riparian zone than in a river floodplain.
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Roughness coefficientA factor in velocity and disarge formulas representing the
effects of channel roughness on energy losses in flowing water. Manning's "n" is a
commonly used roughness coefficient.

Runoff. That part of precipitation, snowmelt, or irrigation water that runs off the land
into streams omther surface water. It can carry pollutants from the air and land into
receiving waters.

Seasonal Kendall test A statistical tool used to test for trends in data, which is
unaffected by seasonal cycles. (Gilbert, 1987)

Sediment In the context of watequality, soil particles, sand, and minerals dislodged
from the land and deposited into aquatic systems as a result of erosion.

Septic systemAn onsite system designed to treat and dispose of domestic sewage. A
typical septic system consists of a tank tlezeives waste from a residence or business
and a drain field or subsurface absorption system consisting of a series of percolation
lines for the disposal of the liquid effluent. Solids (sludge) that remain after
decomposition by bacteria in the tank mios pumped out periodically.

Sewer.A channel or conduit that carries wastewater and storm water runoff from the
source to a treatment plant or receiving stream. Sanitary sewers carry household,
industrial, and commercial waste. Storm sewers carry rufi@i rain or snow.
Combined sewers handle both.

Simulation. The use of mathematical models to approximate the observed behavior of a
natural water system in response to a specific known set of input and forcing conditions.
Models that have been validateat, verified, are then used to predict the response of a
natural water system to changes in the input or forcing conditions.

Slope.The degree of inclination to the horizontal. Usually expressed as a ratio, such as
1:25 or 1 on 25, indicating one unit vedl rise in 25 units of horizontal distance, or in a
decimal fraction (0.04), degrees (2 degrees 18 minutes), or percent (4 percent).

Source.An origination point, area, or entity that releases or emits a stressor. A source
can alter the normal intensjtfrequency, or duration of a natural attribute, whereby the
attribute then becomes a stressor.

Spatial segmentationA numerical discretization of the spatial component of a system
into one or more dimensions; forms the basis for application of numesiigallation
models.

Staged Implementation.A process that allows for the evaluation of the adequacy of the
TMDL in achieving the water quality standard. As stream monitoring continues to occur,
staged or phased implementation allows for water quality ivgpnents to be recorded as
they are being achieved. It also provides a measure of quality control, and it helps to
ensure that the most cesffective practices are implemented first.
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Stakeholder.Any person with a vested interest in the TMDL development.
Standard. In reference to water quality (e.g. 200 cfu/100 mL geometric mean limit).

Standard deviation. A measure of the variability of a data set. The positive square root
of the variance of a set of measurements.

Standard error. The standard deviation afdistribution of a sample statistic, esp. when
the mean is used as the statistic.

Statistical significance An indication that the differences being observed are not due to
random error. The-palue indicates the probability that the differences are @uandom
error (i.e. a low pralue indicates statistical significance).

Steadystate modelMathematical model of fate and transport that uses constant values
of input variables to predict constant values of receiving water quality concentrations.
Model vaiables are treated as not changing with respect to time.

Storm runoff. Storm water runoff, snowmelt runoff, and surface runoff and drainage;
rainfall that does not evaporate or infiltrate the ground because of impervious land
surfaces or a soil infiltrabn rate lower than rainfall intensity, but instead flows onto
adjacent land or into waterbodies or is routed into a drain or sewer system.

Streamflow.Discharge that occurs in a natural channel. Although the term "discharge”
can be applied to the flow of @nal, the word "streamflow" uniquely describes the
discharge in a surface stream course. The term "streamflow" is more general than
"runoff* since streamflow may be applied to discharge whether or not it is affected by
diversion or regulation.

Stream Reah. A straight portion of a stream.

Stream restoration. Various techniques used to replicate the hydrological,
morphological, and ecological features that have been lost in a stream because of
urbanization, farming, or other disturbance.

Stressor. Any physical, chemical, or biological entity that can induce an adverse
response?

Surface area The area of the surface of a waterbody; best measured by planimetry or
the use of a geographic information system.

Surface runoff. Precipitation, snowmelt, or irgation water in excess of what can
infiltrate the soil surface and be stored in small surface depressions; a major transporter
of nonpoint source pollutants.

Surface water All water naturally open to the atmosphere (rivers, lakes, reservoirs,
ponds, strams, impoundments, seas, estuaries, etc.) and all springs, wells, or other
collectors directly influenced by surface water.
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Suspended SolidsUsually fine sediments and organic matter. Suspended solids limit
sunlight penetration into the water, inhibit gen uptake by fish, and alter aquatic
habitat.

Technologybased standardsEffluent limitations applicable to direct and indirect
sources that are developed on a categwoyycategory basis using statutory factors, not
including water quality effects.

Timestep An increment of time in modeling terms. The smallest unit of time used in a
mathematical simulation model (e.g-dbnutes, thour, tday).

Ton (T). A unit of measure of mass equivalent to 2,200 English Ibs.

Topography. The physical features of geographic surface area including relative
elevations and the positions of natural and rnaade features.

Total Dissolved Solids (TDS)A measure of the concentration of dissolved inorganic
chemicals in water.

Total Maximum Daily Load (TMDL).The sum of th individual wasteload allocations
(WLAs) for point sources, load allocations (LAs) for nonpoint sources and natural
background, plus a margin of safety (MOS). TMDLs can be expressed in terms of mass
per time, toxicity, or other appropriate measures thelate to a state's water quality
standard.

TMDL Implementation Plan. A document required by Virginia statute detailing the
suite of pollution control measures needed to remediate an impaired stream segment. The
plans are also required to include a scheddlactions, costs, and monitoring. Once
implemented, the plan should result in the previously impaired waésting water

guality standards and achieving a "fully supporting" use support status

Transport of pollutants (in water)Transport of pollutantsn water involves two main
processes: (1) advection, resulting from the flow of water, and (2) dispersion, or
transport due to turbulence in the water.

Tributary. A lower orderstream compared to a receiving waterbody. "Tributary to"
indicates the largedtream into which the reported stream or tributary flows.

Urban Runoff. Surface runoff originating from an urban drainage area including streets,
parking lots, and rooftops.

Validation (of a model).Process of determining how well the mathematical medel’
computer representation describes the actual behavior of the physical processes under
investigation. A validated model will have also been tested to ascertain whether it
accurately and correctly solves the equations being used to define the systeriosimula
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Variance. A measure of the variability of a data set. The sum of the squared deviations
(observatiori mean) divided by (number of observations).

VADACS. Virginia Department of Agriculture and Consumer Services.
VADCR. Virginia Department of Comsvation and Recreation.

VADEQ. Virginia Department of Environmental Quality.

VDH. Virginia Department of Health.

Wasteload allocation (WLA)The portion of a receiving waters' loading capacity that is
allocated to one of its existing or future point sasof pollution. WLAs constitute a type
of water qualitybased effluent limitation (40 CFR 130.2(h)).

WastewaterUsually refers to effluent from a sewage treatment plant. See also Domestic
wastewater.

Wastewater treatmentChemical, biological, and mechaal procedures applied to an
industrial or municipal discharge or to any other sources of contaminated water to
remove, reduce, or neutralize contaminants.

Water quality The biological, chemical, and physical conditions of a waterbody. It is a
measure o waterbody's ability to support beneficial uses.

Water qualitybased permit A permit with an effluent limit more stringent than one
based on technology performance. Such limits might be necessary to protect the
designated use of receiving waters (eiggreation, irrigation, industry, or water

supply).

Water quality criteria Levels of water quality expected to render a body of water
suitable for its designated use, composed of numeric and narrative criteria. Numeric
criteria are scientifically derive@mbient concentrations developed by the EPA or states
for various pollutants of concern to protect human health and aquatic life. Narrative
criteria are statements that describe the desired water quality goal. Criteria are based on
specific levels of paltants that would make the water harmful if used for drinking,
swimming, farming, fish production, or industrial processes.

Water quality standardLaw or regulation that consists of the beneficial designated use
or uses of a waterbody, the numeric andraave water quality criteria that are
necessary to protect the use or uses of that particular waterbody, and an antidegradation
statement.

Watershed A drainage area or basin in which all land and water areas drain or flow
toward a central collector suchs a stream, river, or lake at a lower elevation.

WQIA. Water Quality Improvement Act.
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APPENDIX A: FREQUENCY ANALYSIS OF BACTERIA DATA

Legend for Appendix A figures:

B Samples meeting standard
B Samples vieclating standard
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B Samples violating standard

Pamunkey River Weershed, VA
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Frequency analysis ofE. coli concentrations at station 8ACQO001.35 in Acquinton Creek for the period from

January 2011 to October 2011.

Figure A-1

A-2

APPENDIX A



TMDL Development Pamunkey River Watershed, VA

| 008'L <
0082 - T09'2
009 - TOV'L
00v'L - 102'2
0022 - T00°2
000°Z - T08'9
008'9 - T09'9
009'9 - TOV'9
00v'9 - T0Z'9
002'9 - T00'9
0009 - T08'S
008'S - T09'S
009'G - TOV'S
00v'S - T02'S
002'S - T00'S
000'S - T08'Y
008'7 - T09'Y
009 - TOV'Y
00v'y - T0Z'Y
002'7 - T00'Y
000 - T08'E
008'€ - T09'E
009'€ - TOV'E
oov'e - 102'E
00z - T00'E
000 - T08'2
008'2 - T09'C
0092 - TOV'Z
00v'z - 102'C
002'2 - T00'2
000'Z - T08'T
008'T - T09'T
009'T - TOV'T
00v'T - T02'T
00Z'T - TOO'T
1000'T - T08
008 - T09
1009 - TOV
|00Y - 9€2
|s€2- 102

007 >

T T T T T T T T T
050505050
4332211

B Samples meeting standard
B Samples violating standard

-
<

E. coli (cfu/100mL)

8-ACQO004.4:
Frequency analysis ofE. coli concentrations at station 8ACQ004.43 in Agjuinton Creek for the period from

January 2011 to October 2011.

0
<
Aouanbai4

T T T T T T T
o 1 O 1 O 1 O
O N~ N~ © © 1 W1

Figure A-2

APPENDIX A A-3



TMDL Development

8-ACQ008.01

B Samples meeting standard
B Samples violating standard

Pamunkey River Weershed, VA

1008 <
008 - T09'L
009'Z - TOV'L
00V - 10Z'L
00Z'. - T00'L
000°Z - 08'9
008'9 - T09'9
009'9 - TOV'9
00%'9 - T0Z'9
00Z'9 - T00'9
0009 - T08'S
008'G - T09'G
009'S - TOV'S
00%'S - T0Z'S
00Z'G - T00'G
000°G - T08'Y
008'7 - TO9'Y
009t - TOV'Y
00Vt - T0Z'Y
00Z'7 - TOO'Y
000t - T08'E
008 - T09'E
009'€ - TOV'E
oov'e - T0Z'E
00z’ - T00'E
000°€ - T08'Z
008'Z - T09'Z
009'Z - TOV'Z
00v'Z - 102'2
002z - T00'Z
000z - T08'T
008'T - T09'T
009'T - TOV'T
00V'T - TOZ'T
00Z'T - T00'T
1000'T - TO8
1008 - T09
1009 - TOV

H 00V - 9€Z

|SEZ - TOZ

007 >

T T T T T T T
o 1 O 1 O 1 O
W M~ N~ © © 1O 1

T T T

n o
< T M
Aouanbai4

T T T T T
o n o un o
M N N A

o

o

E. coli (cfu/100mL)

Frequency analysis ofE. coli concentrations at station 8ACQ008.01 in Acquinton Creek for the period from

January 2011 to October 2011.

Figure A-3

A-4

APPENDIX A



TMDL Development Pamunkey River Watershed, VA

1008°L <
1008°2 - TO9'L
‘ooo_m -T0V'L
00vL - T0Z'L
‘oow_m -T00°L
‘ooo.m - T08'9
‘oow,m - T09'9
10099 - TOV'9
‘oowd - T02'9
10029 - T00*9
‘oood - T08'S
‘oom_m -T09'G
‘ooo,m - Tov'S
00%'S - TOZ'S
1002°S - TO0'S
‘ooo_m - 108'%
1008'7 - TO9'Y
1009 - TOV'Y
0077 - TOZ'Y
‘oow,v -T00'v
‘ooo,ﬁ - T08'E
‘oom,m - T09'E
1009°€ - TOV'E
‘oow,m -T0Z'E
100Z°€ - T00'E
‘ooo,m - 1082
10082 - T09°C
‘oow.m -T0V'C
‘oov_m -102'C
‘oom,m - T00'C
B000°C - T08'T
1008'T - T09'T
‘ooo_ﬁ -TOV'T
007'T - T0Z'T
‘oom,a - TOO'T
H000'T - T08
1008 - T09
uoom - 10V

00v - 9g¢
|G€Z - 102

= 007 >
: s ¢ 8 % 8 o
Aouanbal4

B Samples meeting standard
BH Samples violating standard

8-BDCO000.0¢t
E. coli (cfu/100mL)

February 2009 to November 2010.

80 -
70
Figure A-4  Frequency analysis ofE. coli concentrations at station 8BDC000.05 in Beaverdam Creek for the period from

APPENDIX A A-5



TMDL Development

8-BLC001.77

B Samples meeting standard

B Samples violating standard

Pamunkey River Weershed, VA

| 008'L <
0082 - T09'2
009 - TOV'L
00v'L - 102'2
0022 - T00°2
000°Z - T08'9
008'9 - T09'9
009'9 - TOV'9
00v'9 - T0Z'9
002'9 - T00'9
0009 - T08'S
008'S - T09'S
009'G - TOV'S
00v'S - T02'S
002'S - T00'S
000'S - T08'Y
008'7 - T09'Y
009 - TOV'Y
00v'y - T0Z'Y
002'7 - T00'Y
000 - T08'E
008'€ - T09'E
009'€ - TOV'E
oov'e - 102'E
00z - T00'E
000 - T08'2
008'2 - T09'C
0092 - TOV'Z
00v'z - 102'C
002'2 - T00'2
000'Z - T08'T
008'T - T09'T
009'T - TOV'T
00v'T - T02'T
00Z'T - TOO'T
1000'T - T08
008 - T09
1009 - TOV

B 00V - 9€2

|SEZ - T0Z

80 -

70

T
o
©

o
Te]

Aouanbai4

o
™

T
o
N

T
o
—

I 00C >

o

E. coli (cfu/100mL)

Frequency analysis ofE. coli concentrations d station 8BLC001.77 in Black Creek for the period from July

2003 to March 2005.

Figure A-5

A-6

APPENDIX A



TMDL Development Pamunkey River Watershed, VA

1008 <
008" - T09'L
009'Z - TOV'.
00V’ - 102'L
00Z'L - T00'L
000°Z - T08'9
008'9 - T09'9
009'9 - TOV'9
00%'9 - T02'9
002'9 - T00'9
0009 - T08'G
008'G - T09'G
009'G - TOV'S
00%'S - T02'S
002'G - T00'G
000°G - T08'Y
008'7 - TO9'Y
009t - TOV'Y
0oV - T0Z'Y
002t - TOO'Y
000t - T08'E
008'€ - T09'E
009'€ - TOV'E
0ov'e - T0Z'E
00Z'€ - T00'E
000°€ - T08'Z
008'Z - T09'Z
009'Z - TOV'Z
00v'z - 102'2
0022 - 1002
000'Z - T08'T
008'T - T09'T
009'T - TOV'T
00¥'T - T02'T
00Z'T - T00'T
1000'T - TO8
1008 - T09
1009 - TOV
|00V - 9€2
|sez- 102

| | | m— 0 >

T T
o o o o o o o
© Te) < ™ N —

Aouanbai4

B Samples meeting standard
B Samples violating standard

E. coli (cfu/100mL)

8-CMCO005.1¢
Frequency analysis ofE. coli concentrations at station 8CMC005.16 in Cohoke Mill Creek for the period

from February 2007 to Decemier 2008.

80 -
70 -
Figure A-6

APPENDIX A A-7



TMDL Development

8-CRU000.9:

B Samples meeting standard

B Samples violating standard

m 008°, <

008" - T09'L
009'Z - TOV'.
00V’ - 102'L
00Z'L - T00'L
000°Z - T08'9
008'9 - T09'9
009'9 - TOV'9
00%'9 - T02'9
002'9 - T00'9
0009 - T08'G
008'G - T09'G
009'G - TOV'S
00%'S - T02'S
002'G - T00'G
000°G - T08'Y
008'7 - TO9'Y
009t - TOV'Y
0oV - T0Z'Y
002t - TOO'Y
000t - T08'E
008'€ - T09'E
009'€ - TOV'E
0ov'e - T0Z'E
00Z'€ - T00'E
000°€ - T08'Z
008'Z - T09'Z
009'Z - TOV'Z
00v'z - 102'2
0022 - 1002
000'Z - T08'T
008'T - T09'T
009'T - TOV'T
00¥'T - T02'T
00Z'T - T00'T

I 000°T - T08

1008 - T09
1009 - TOY
00 - 9€2
5€2 - 102
| 002 >

30

25

T
o
N

Lo}
—

Aouanbai4

10

o

E. coli (cfu/100mL)

Pamunkey River Weershed, VA

Frequency analysis ofE. coli concentrations at station 8CRU000.92 in Crump Creek for the period from

June 2005 to December 2010.

Figure A-7

A-8

APPENDIX A



TMDL Development Pamunkey River Watershed, VA

| 008'L <
0082 - T09'2
009 - TOV'L
00v'L - 102'2
0022 - T00°2
000°Z - T08'9
008'9 - T09'9
009'9 - TOV'9
00v'9 - T0Z'9
002'9 - T00'9
0009 - T08'S
008'S - T09'S
009'G - TOV'S
00v'S - T02'S
002'S - T00'S
000'S - T08'Y
008'7 - T09'Y
009 - TOV'Y
00v'y - T0Z'Y
002'7 - T00'Y
000 - T08'E
008'€ - T09'E
009'€ - TOV'E
oov'e - 102'E
00z - T00'E
000 - T08'2
008'2 - T09'C
0092 - TOV'Z
00v'z - 102'C
002'2 - T00'2
BN 000'Z - T08'T
008'T - T09'T
009'T - TOV'T
00v'T - T02'T
00Z'T - TOO'T
1000'T - T08
008 - T09
1009 - TOV
I 0% - 9€7
|s€2- 102

| , , , 002 >

T T T T T T
—hlu. » [ee] N~ © o] < ™ N — o

B Samples meeting standard
B Samples violating standard

E. coli (cfu/100mL)

8-CRUO005.6:
Frequency analysis ofE. coli concentrations at station 8CRU005.61 in Crump Creek for the period from

January 2010 to December 2010.

Figure A-8

Aouanbai4

APPENDIX A A-9



TMDL Development

8-CRU008.3(

B Samples meeting standard

B Samples violating standard

Pamunkey River Weershed, VA

| 008'L <

0082 - T09'2
009 - TOV'L
00v'L - 102'2
0022 - T00°2
000°Z - T08'9
008'9 - T09'9
009'9 - TOV'9
00v'9 - T0Z'9
002'9 - T00'9
0009 - T08'S
008'S - T09'S
009'G - TOV'S
00v'S - T02'S
002'S - T00'S
000'S - T08'Y
008'7 - T09'Y
009 - TOV'Y
00v'y - T0Z'Y
002'7 - T00'Y
000 - T08'E
008'€ - T09'E
009'€ - TOV'E
oov'e - 102'E
00z - T00'E
000 - T08'2
008'2 - T09'C
0092 - TOV'Z
00v'z - 102'C
002'2 - T00'2

BN 000°Z - TO8'T

008'T - T09'T
009'T - TOV'T
00v'T - T02'T
00Z'T - TOO'T
1000'T - T08
008 - T09

N 009 - TOV

|00Y - 9€2
|SEZ - T0Z

——————————————————————————— — L

12 4

o
—

T
[ee]

T
©

Aouanbai4

T T
< N

T
o

E. coli (cfu/100mL)

Frequency analysis ofE. coli concentrations at station 8CRU008.30 in Crump Creek for the period from

January 2010 to December 2010.

Figure A-9

A-10

APPENDIX A



TMDL Development Pamunkey River Watershed, VA

e}
Q2
P~
(5]
o
Q
s
S}
L
X
(5]
— . e
1 0082 < S
10082 - T09'L -
s © 1009°Z - TOV'L g
= 05 o ‘ «
8 g 100%'2 - TOZ'L s
& 8 1002°L - T00L g
o2 10002 - T08'9 o)
£ £ 1008'9 - T09'9 T
o m 1009'9 - TOV'9 £
E > 00v'9 - T0Z'9 ~
[/ B} . . —
L o 00Z'9 - T00'9 .
Q O r . .
E E 10009 - T08'S S
» 0 1008°G - T09'G _@
1009°G - TOY'S I
i 00v'S - T02'G o
1002'G - T00'S 5
1000°S - T08'Y b=
1008t - T09'Y »
1009V - TOV'Y n_m; e
00v'7 1027 S 0
= 10027 - T00'Y o)
o o 2 =
S 000"y - TO8' § ©
= 008‘€ - T09'€ — =
o [ ‘o . ‘ o ()]
T 1009°€ - TOV'E O 3
© 00¥'€ - TOZ'E Wi 5
1002°€ - TOO'E o
1000°€ - T08°C s
1008'C - T09'C . Q
009'Z - TOV'Z ,._._m o
00v'z - 102'C o S
1002'Z - T00'C ‘o M
000'Z - T08'T 5
1008'T - T09'T S o
009'T - TOV'T &
00¥'T - T02'T 2 >
002'T - T00'T °3
000'T - 708 g E
[ - O
1008 - T09 L 2
1009 - TOY o
| 00v - 9€C 1__
| GEZ - TOC <
00z > g
T T T T T T T T u
< N o 0 © < N o (o))

Aouanbai4

APPENDIX A A-11



TMDL Development Pamunkey River Watershed, VA

| 008'L <
0082 - T09'2
009 - TOV'L
00v'L - 102'2
0022 - T00°2
000°Z - T08'9
008'9 - T09'9
009'9 - TOV'9
00v'9 - T0Z'9
002'9 - T00'9
0009 - T08'S
008'S - T09'S
009'G - TOV'S
00v'S - T02'S
002'S - T00'S
000'S - T08'Y
008'7 - T09'Y
009 - TOV'Y
00v'y - T0Z'Y
002'7 - T00'Y
000 - T08'E
008'€ - T09'E
009'€ - TOV'E
oov'e - 102'E
00z - T00'E
000 - T08'2
008'2 - T09'C
0092 - TOV'Z
00v'z - 102'C
002'2 - T00'2
000'Z - T08'T
008'T - T09'T
009'T - TOV'T
00v'T - T02'T
00Z'T - TOO'T
1000'T - T08
008 - T09
009 - TOY
00v - 9€2
€2 - 102
00z >

B Samples meeting standard
B Samples violating standard

E. coli (cfu/100mL)

8-HSNO000.9:

April 2010 to March 2011.

Figure A-11 Frequency andysis of E. coli concentrations at station 8HSN000.92 in Harrison Creek for the period from

Aouanbai4

A-12 APPENDIX A



TMDL Development Pamunkey River Watershed, VA

£
o
=
i)
8
S
8
[¢B)
°
)
S
r L
10082 < o
10082 - T09°L o
- T oL ‘ o
m m \OO@.N ._”O#,N C
m m 0072 - T0Z'L c
g 2 002'2-T00'L 3
o O 000'L-T0O89 =
£ £ Moo - ‘ @©
g = 0089 - T09'9 T
g g 009'9 - T07'9 =
m m ‘oov_o - Hom.o N
2 2 1002'9 - T00'9 g
S ® 000°9 - T08'S S
" n [ ‘ ‘ o
1008°S - T09'S S
EE 1009°G - TOV'S %
007'S - T0Z'S )
1002'S - T00'S S
1000'G - TO8'Y =
10087 - T09'Y 7
009'v - TOV'V +=
e v E ©
00v'y -T2 S "
= 1002'v - T00'Y 5
‘ ‘ S —
m 0007-T08 5 °F
Z 008' - T09'E =
T 009°c - TOV'E S o
© j00v'e - T02'S W S
1002°€ - T00'E o
1000°€ - T08'C S

008'Z - T09'Z © 5

009'Z - TOY'Z wg

Mab's - TR ° &
00v'Z - T02'C o

0022 - T00'Z 5 m

000'Z - T08'T =3

1008'T - T09'T = M

1009°T - TOY'T -

hoo} -102'T o8

002'T - T00'T SRS
T - O

1000°T - TO8 g

I 008 - T09 s
1009 - TOY ~
I\Oov -9¢¢ 1__
|G€Z - 102 <
002 > g
T T T T T T T T T u

Aouanbai4

APPENDIX A A-13



TMDL Development Pamunkey River Watershed, VA

0082 <
10082 - T09'L
1009°2 - TOV'L
l0ov'2 - T02'L
1002°2 - T00'L
(000°Z - T08'9
10089 - T09'9
1009'9 - TOV'9
l00v'9 - T02'9
(0029 - T00'9
10009 - T08'S
1008'S - T09'S
1009'S - TOV'S
(00¥'S - T0Z'S
1002'S - T00'S
1000°S - T08'Y
(008t - T09'Y
(0097 - TOV'Y
(00¥'y - TOZ'Y
(002"t - T00'Y
(000 - T08'E
[008'E - T09'E
[009°€ - TOV'E
loov's - T0Z'S
[002°E - T00'E
|000°€E - T08'Z
10082 - T09'Z
10092 - TOV'Z
l00v'Z - 102'2
10022 - T00'Z
(000°Z - T08'T
(008'T - T09'T
(009°T - TOV'T
m— 00V'T - T02'T
(002'T - T00'T
1000'T - TO8
1008 - T09
1009 - TOV

00v - 9€¢
GEC - TOC
00¢ >

T T T T T T T T T T T
—hlu. 9 00 7 6 5 4 3 2 1 0

B Samples meeting standard
BH Samples violating standard

E. coli (cfu/100mL)

8-HSN002.4:

April 2010 to March 2011.
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Figure A-14 Frequency analysis ofE. coli concentrations at station 8HSN003.93 in Harrison Creek for the period from

Aouanbai4

APPENDIX A A-15



TMDL Development Pamunkey River Watershed, VA

1008, <
10082 - T09'L
1009°2 - TO¥'L
00v‘',L - T02'L
1002, - T0O'L
1000°Z - TO8'9
‘oom_o - 1099
‘ooo_o - T0V'9
10079 - TOZ'9
10029 - TOO'9
10009 - T08'S
1008‘G - T09'S
1009°G - TO¥'S
100%'G - T0Z'S
1002'G - TOO'S
/000G - T08'Y
1008'7 - TO9'Y
‘ooo_w - 10’V
00v'Y - TOZ'V
10027 - TOO'V
10007 - T08'E
1008 - TO9'E
1009°E - TOV'E
bo#.m -102'c
1002‘c - TOO'E
1000 - T08C
1008°C - T09°C
1009°C - TO¥'C
00v'2 - T02'C
1002'Z - 1002
1000°C - TO8'T
1008'T - TO9'T
1009°'T - TOV'T
‘oov_._” -102'T
E00Z'T - TOO'T
1000°T - TO8
008 - 109
009 - TOV
00¥ - 9€¢
GEC - TOC

T T T OON V

0 S o °

Aouanbai4

B Samples meeting standard
B Samples violating standard

E. coli (cfu/100mL)

8-JKC004.1:

2003 to October 2011.

30 -
25 -
20 -
Figure A-15 Frequency analysis ofE. coli concentrations at station 8JKC004.15 in Jacks Creekfor the period from July
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Figure A-16 Frequency analysis ofE. coli concentrations at station 8 KC005.80 in Jacks Creek for the period from
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Figure A-17 Frequency analysis ofE. coli concentrations at station 8 KC007.95 in Jacks Creek for the period from
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Figure A-18 Frequency analysis ofE. coli concentrations at station 8KER001.31 in Kesey Creek for the period from
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Figure A-19 Frequency analysis ofE. coli concentrations at station 8LTL002.69 in the Little River for the period from
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Figure A-20 Frequency analysis ofE. coli concentrations at station 8LTL009.54 in the Little River for the period from
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Figure A-21 Frequency analysis ofE. coli concentrations at staion 8-LTL018.80 in the Little River for the period from
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Figure A-22 Frequency analysis ofE. coli concentrations at station 8LTL024.86 in the Little River for the period from
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Figure A-23 Frequency analysis ofE. coli concentrations at station 83VICP002.42 in Mechumps Creek for the period from
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January 2007 to September 2008.

Figure A-24 Frequency analysis ofE. coli concentrations at station 83VICP009.56 in Mechumps Creek for the period from
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Figure A-25 Frequency analysis ofE. coli concentrations at station 8MCRO001.64 in Mill Creek for the period from May
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from November 2002 to December 2010.

Figure A-26 Frequency analysis ofE. coli concentrations at station 8MDQO001.37 in Matadequin Creek for the period

APPENDIX A A-27



TMDL Development Pamunkey River Watershed, VA

1008 <

008'Z - T09'Z
009 - TOV'Z
00v'L - T0Z'L
002'Z - T00'2
1000°Z - 1089
008'9 - T09'9
009'9 - TOV'9
00v'9 - T0Z'9
002'9 - T00'9
0009 - T08'S
008'S - T09'S
009'G - TOV'S
00V'S - T02'S
002'S - T00'S
000'S - T08'Y
008"t - T09'Y
009'7 - TOV'Y
00v'y - TOZ'Y
00Z'% - T00'Y
000 - T08'E
008 - T09'E
009 - TOV'E
I 00V'S - T0Z'E
002 - T00'E
000 - T08'C
008'2 - T09'2
0092 - TOV'C
00v'z - 102'2
002'2 - 100°C
I 000'Z - T08'T

1008°T - TO9'T

009'T - TOV'T
00v'T - T0Z'T
002'T - T00'T

1000'T - TO8
/008 - T09
E— 009 - TO

|00 - 9€2

SE¢ - T0¢C
00¢ >

o n < [40] N — o
Aouanbai4

8-MLL001.19
E. coli (cfu/100mL)

February 2009 to November 2010.

Figure A-27 Frequency analysis ofE. coli concentrations at station 8MLL001.19 in Mill Creek for the period from
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January 2011 to October 2011.

Figure A-28 Frequency analysis ofE. coli concentrations at station 8VILY001.58 in Mallory Creek for the period from
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July 2003 to March 2005.

Figure A-29 Frequency analysis ofE. coli concentrations at station 8VINQ004.19 in Moncuin Creek for the period from
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8-NARO005.4z2

from July 2003 to September 2011.

Figure A-30 Frequency analysis ofE. coli concentrations at station 8NAR005.42 in the North Anna River for the period
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from June 2005 to September 2011.

Figure A-31 Frequency analysis ofE. coli concentrations at station8-NFD002.26 in the Newfound River for the period
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Figure A-32 Frequency analysis ofE. coli concentrations at station 8PLD001.73 in Pollard Creek for the period from
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from July 2004 to October 2011.

90 -
Figure A-33 Frequency analysis ofE. coli concentrations at station 8PMK034.17 in the Pamunkey River for the period
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from July 2003 to October 2011.
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Figure A-34 Frequency analysis ofE. coli concentrations at station 8PMK039.74 in the Pamunkey River for the period
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from January 2011 to October 2011.
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Figure A-35 Frequency analysis ofE. coli concentrations at station 8PMK044.64 in the Pamunkey River for the period
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Figure A-36 Frequency analysis ofE. coli concentrations at station 8PMK048.80 in the Pamunkey River for the period
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Figure A-37 Frequency analysis ofE. coli concentrations at station 8PMK056.87 in the Pamunkey River for the period
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Figure A-38 Frequency analysis ofE. coli concentrations at station 8PMK072.34 in the Pamunkey River for the period
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Figure A-39 Frequency analysis ofE. coli concentrations at station 8PMK082.34 in the Pamunkey River for the period
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Figure A-40 Frequency analysis ofE. coli concentrations at station 8SAR001.11 in the South Anna River for the period
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Figure A-41 Frequency analysis ofE. coli concentrations at station 8SAR012.42 in the South Anna River for the period
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Figure A-42 Frequency analysis ofE. coli concentrations at station 8SAR014.47 in the South Anna River for the period
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Figure A-43 Frequency analysis ofE. coli concentrations at station 8STG001.00 in Stagg Creek for the period from June
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Figure A-44 Frequency analysis ofE. coli concentrations at station 85TG005.46 in Stagg Creek for the period from
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Figure A-45 Frequency analysis ofE. coli concentrations at station 8TPT004.37 in Totopotomoy Creek for the period
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Figure A-46 Frequency analysis ofE. coli concentrations at station 8XDWO000.67 in an Unnamed tributary to the
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Figure A-47 Frequency analysis ofE. coli concentrations at station 8XDX000.38 in an Unnamed tributary to the
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Figure A-48 Frequency analysis ofE. coli concentrations at station 8XEG000.06 in an Unnamed Tributary to Mechumps
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Figure A-49 Frequency analysis ofE. coli concentrations at station 8XIW000.42 in an Unnaned tributary to Jacks Creek

A-50 APPENDIX A



TMDL Development Pamunkey River Watershed, VA

10082 <
‘oowﬁ - 1092
1009°2 - TOV'Z
0072 - TOZ'L
‘OONN - T00°2
1000°Z - T08'9
‘oow_o - T09'9
‘ooo.o -Tov'9
‘ooio - 1029
‘oom_o - T00'9
‘ooo.o - 108'S
‘oow_m - T09'S
‘ooo.m - T0¥'S
007G - T0Z'S
‘oom_m - 100'S
‘ooo.m - 108V
10087 - T09'Y
‘ooo.v -T0V'Y
|00v'v - TOZ'Y
10027 - T00'Y
‘ooo.v - 108
‘oom.m - T09°E
‘oom_m - T0¥'E
‘oov.m -102°'€
‘oow_m - T00‘E
‘ooo_m - 108'C
1008°Z - 1092
‘oom_N -Tov'e
‘oov_N - 1022
1002°Z - T00'Z
I‘ooo.N - T08'T
‘oow.ﬂ -T09'T
(009°'T - TOV'T
‘oov_._” -102'T
1002'T - TOO'T
‘ooo.ﬁ - T08
1008 - T09
009 - TOV
00% - 9€¢
GeC - T0¢C
00¢ >

© 0 < o o - o

Aouanbai4

8-XJC001.1:
E. coli (cfu/100mL)

Creek for the period from January 2010 to December 2010.

Figure A-50 Frequency analysis ofE. coli concentrations at station 8XJC001.12 in an Unnamed tributary to Crump
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Figure A-51 Frequency analysis ofE. coli concentrations at station 8XJD000.02 in an Unnamed tributary to Harrison
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Figure A-52 Frequency analysis ofE. coli concentrations at station 8ARN000.73 in Arnold Creek for the period from
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Figure A-53 Frequency analysis ofE. coli concentrations at station 8LNG000.94 in Long Creek for the period from
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Figure A-54 Frequency analysis oE. coli concentrations at station 8LTL030.55 in Little River for the period from March
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Figure A-55 Frequency analysis ofE. coli concentrations at station 8LTL035.32 in Little River for the period from

A-56 APPENDIX A



TMDL Development Pamunkey River Watershed, VA

| 008'L <
0082 - T09'2
009 - TOV'L
00v'L - 102'2
0022 - T00°2
000°Z - T08'9
008'9 - T09'9
009'9 - TOV'9
00v'9 - T0Z'9
002'9 - T00'9
0009 - T08'S
008'S - T09'S
009'G - TOV'S
00v'S - T02'S
002'S - T00'S
000'S - T08'Y
008'7 - T09'Y
009 - TOV'Y
00v'y - T0Z'Y
002'7 - T00'Y
000 - T08'E
008'€ - T09'E
009'€ - TOV'E
oov'e - 102'E
00z - T00'E
000 - T08'2
008'2 - T09'C
0092 - TOV'Z
00v'z - 102'C
002'2 - T00'2
000'Z - T08'T
008'T - T09'T
009'T - TOV'T
00v'T - T02'T
00Z'T - TOO'T
1000'T - T08
008 - T09
1009 - TOV
I 001 - 9€7

|SEZ - T0Z
——————————————————————————— — L

T T T T T T
o [e0) © N o
9 <

1

E. coli (cfu/100mL)

8-MUS000.5

August 2004 to July 2005.

12 -
Figure A-56 Frequency analysis ofE. coli concentrations at station 8MUS000.57 n Music Branch for the period from
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Figure A-57 Frequency analysis ofE. coli concentrations at station 8NST000.58 in Northeast Creek for the period from
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Figure A-58 Frequency analysis ofE. coli concentrations at station 8NST003.46 in Northeast Creek for the period from
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Figure A-59 Frequency analysis ofE. coli concentrations at station 8NST007.84 in Northeast Creek for the period from
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Figure A-60 Frequency analysis ofE. coli concentrations at station 8NST011.60 in Northeast Creek for the period from
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Figure A-61 Frequency analysis ofE. coli concentrations at station 8NST011.67 in Northeast Creek for the period from

Aouanbai4

A-62 APPENDIX A



TMDL Development Pamunkey River Watershed, VA

| 008'L <
0082 - T09'2
009 - TOV'L
00v'L - 102'2
0022 - T00°2
000°Z - T08'9
008'9 - T09'9
009'9 - TOV'9
00v'9 - T0Z'9
002'9 - T00'9
0009 - T08'S
008'S - T09'S
009'G - TOV'S
00v'S - T02'S
002'S - T00'S
000'S - T08'Y
008'7 - T09'Y
009 - TOV'Y
00v'y - T0Z'Y
002'7 - T00'Y
000 - T08'E
008'€ - T09'E
009'€ - TOV'E
oov'e - 102'E
00z - T00'E
000 - T08'2
008'2 - T09'C
0092 - TOV'Z
00v'z - 102'C
002'2 - T00'2
000'Z - T08'T
008'T - T09'T
009'T - TOV'T
00v'T - T02'T
00Z'T - TOO'T
1000'T - T08
008 - T09
1009 - TOV
B 00V - 9€2

|SEZ - T0Z
I 00C >

T T T T T T T
N o [e0) © < N o
— —

E. coli (cfu/100mL)

8-XHZ000.1-

Creek for the period from August 2004 to July 2005.

Figure A-62 Frequency analysis ofE. coli concentrations at station 8XHZ000.15 in an Unnamed Tributary to Northeast
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Figure A-63 Frequency analysis ofE. coli concentrations at station 8XIA000.89 in an unnamed tributary to Music
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Figure A-64 Frequency analysis ofEnterococciconcentrations at station 8BLC001.77 in Black Creek for the period from
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Figure A-65 Frequency analysis ofEnterococci concentrations at station 8HQT002.12 in Hornquarter Creek for the
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Figure A-66 Frequency analysis ofEnterococciconcentrations at station8-JKC004.15 in Jacks Creek for the period from
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Figure A-67 Frequency analysis ofEnterococciconcentrations at station 8VINQ004.19 in Moncuin Creek for the period

A-68 APPENDIX A



TMDL Development Pamunkey River Watershed, VA

| G€8°L <
1GE8'L - 989°,
1S€9°L - 9L
Sev'L - 9822
1GET'L - 9€0°L
IGEO'L - 9€8'9
1GE8'9 - 9€9°9
1GE9'9 - 9EV'9
SEV'9 - 9€2°9
1GEC'9- 9809
IGE0‘9 - 9€8'°S
1GE8'G - 9€9'G
1GE9'S - 9EV'S
SEV'S - 9€2'S
IGEZ'S - 9€0'S
|GEO'S - 9€8'Y
1GE8'Y - 9€9'Y
S€9'Y - 9EV'Y
IGEV'Y - 9EC'Y
S€2'Y - 950
IGEO'Y - 9€8'E
|GEB'E - 9€9°E
IGE9'E - 9EV'E
SEv'E - 9g2'E
IGEZ'E - 9€0'E
1GE0‘E - 9€8'C
1GE8C - 989°C
1S€9'C - 9€¥°C
IGEV'C - 9€2'C
15€2'2 - 9€0°C
1GE0C - 9€8°T
SE8'T - 9€9'T
1GE9'T - 9EV'T
SEV'T - 9€2°'T
IGET'T-9€0'T
|GEO'T - 9€8
GEB - 9€9
GE9 - 9EY
SEV -T.¢C
0L¢ - 90T
S0T >

B Samples meeting standard
BH Samples violating standard

8-SAR012.4:
Enterococci (cfu/200mL)

period from July 2003 to June 2004.

T T T T T T
o o o o o o o
[(e} Ln < ™ N —
Kouanbalig

80 -
70 -
Figure A-68 Frequency analysis ofEnterococciconcentrations at station 8SAR012.42 in the South Anna River for the
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Figure A-69 Frequency analysis ofEnterococciconcentrations at station 8STG001.00 in Stagg Creek for the period from
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Figure A-70 Frequency analysis ofEnterococciconcentrations at station 8STG005.46 in Stagg Creek for the period from
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Figure A-71 Frequency analysis ofEnterococciconcentrations at station 8XDWO000.67 in an Unnamed tributary to the
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from August 2004 to July 2005.

Figure A-72 Frequency analysis ofEnterococciconcentrations at station 8ARN000.73 in Arnold Creek for the period
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Figure A-73 Frequency analysis ofEnterococciconcentrations at station 8MUS000.57in Music Branch for the period
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Figure A-74 Frequency analysis ofEnterococciconcentrations at station 8NST000.58 in Northeast Creek for the period
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Figure A-75 Frequency analysis ofEnterococciconcentrations at station 8NST007.84 in Northeast Creek for the period
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Figure A-76 Frequency analysis ofEnterococciconcentrations d station 8NST011.67 in Northeast Creek for the period
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Figure A-77 Frequency analysis ofEnterococci concentrations at station 8XHZ000.15 in an Unnamed Tributary to
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Figure A-78 Frequency analysis of Enterococci concentrations at station8IA000.89 in an Unnamed Tributary to Music
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APPENDIX B: BACTERIA MODELING PROCEDURE - LINKING THE
SOURCES TO THE ENDPOINT
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Establishing the relationship betweerstneam water quality and the source loadings is a
critical component of TMDL development. It allows foetkbvaluation of management
options that will achieve the desired water quality endpoint. In the development of the
TMDL for the Pamunkey River Watershed study area, the relationship was defined
through computer modeling based on data collected througthmitwatersheds.
Monitored flow and water quality data were then used to verify that the relationships
developed through modeling were accurate. There are five basic steps in the
development and use of a water quality model: model selection, sourcemesgess
selection of a representative modeling period, model calibration, model validation, and

model simulation.

Model selection involves identifying an approved model that is capable of simulating the
pollutants of interest with the available data. Sewssessment involves identifying and
guantifying the potential sources of pollutants in the watershed. Selection of a
representative period involves the identification of a time period that accounts for critical
conditions associated with all potentiausces within the watershed. Calibration is the
process of comparing modeled data to observed data and making appropriate adjustments
to model parameters to minimize the error between observed and simulated events.
Validation is the process of comparingpdeled data to observed data during a period
other than that used for calibration, with the intent of assessing the capability of the
model in hydrologic conditions other than those used during calibration. During
validation, no adjustments are made todel parameters. Once a suitable model is
constructed, the model is then used to predict the effects of current loadings and potential

management practices on water quality.

Modeling Framework Selection

The USGS Hydrologic Simulation Prograntortran (H®F) water quality model was
selected as the modeling framework to simulate streamflow, overland runoff and to

perform TMDL allocations.

B-2 APPENDIXB



TMDL Development Pamunkey River Watershed, VA

The HSPF model simulates a watershed by dividing it up into a network of stream
segments (referred to in the modelRGGHRES), impervious land areas (IMPLND) and
pervious land areas (PERLND). Each subwatershed contains a single RCHRES, modeled
as an open channel, and numerous PERLNDs and IMPLNDs, representing the various
land uss in that subwatershed. Water and pofitagfrom the land segments in a given
subwatershed flow into the RCHRES in that subwatershed. Point discharges and
withdrawals of water and pollutants are simulated as flowing directly to or withdrawing
from a particular RCHRES as well. Water and potiteafrom a given RCHRES flow

into the next downstream RCHRES. The network of RCHRESS is constructed to mirror
the configuration of the stream segments found in the physical world. Therefore,
activities simulated in one impaired stream segment affeavéiter quality downstream

in the model.

The HSPF model is a continuous simulation model that can account for nonpoint source
(NPS) pollutants in runoff, as well as pollutants entering the flow channel from point
sources. In establishing the existing anldcation conditions, seasonal variations in
hydrology, climatic conditions, and watershed activities were explicitly accounted for in
the model. The use of HSPF allowed consideration of seasonal aspects of precipitation

patterns within the watershed.

Model Setup

Daily precipitation data was available at the Richmond International Airport NCDC
station #USWO00013740. The final filled daily precipitation was disaggregated using the
hourly station data available at the Richmond International Airport NCDC Etabion
#447201.

To adequately represent the spatial variation in the watershed, the Pamunkey River
Watershed study area drainage area was dividediftytd50) subwatersheds-{gure B-

1). The subwatersheds armumbered from 1 to 51, however, subwatershed 29 was
merged with subwatershed 9 during the model development process and no longer exists.
The rationale for choosing these subwatersheds was based on the availability of water
guality data, the stream netwoconfiguration, and the limitations of the HSPF model.
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Sixteen of these subwatersheds were used in hydrologic calibration since they were
upstream of the flow gage with observed data (outlet of subwatershed 13). The entire set
of 50 subwatersheds wasedsin the bacteria calibration.Figure B-1 shows all
subwatersheds, which were used to achieve the unified model (three subwatersheds
represent existing TMDLs)Table B- 1 notes the subwatersheds contained within each
impairment, the impaired stream segments, and the outlet subwatershed for each

impairment.

—— Y AN T

[] subwatershed Boundary

Wy
'@ =1 county Boundary

| /\/ Impaired Water N

74 /\/ Road e
Stream w E
MDL Watershed Unit
Lower Pamunkey (Tidal) .

Middle Pamunkey

N

Upper Pamunkey/North Anna River
Upper Little River

Northeast Creek 5!
Existing TMDL

Cumberland

S~

Figure B-1  All subwatersheds delineated for modeling in the Pamunkey River
Watershedstudy area.
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Table B-1 Impairments and subwatersheds within the Pamunkey River
Watershed study area.

_ Impaired Contributing
Impairment NTU Subwatershed(s) Outlet Subwatersheds
Beaverdam Creek
(VAP-F11R_BDCO01A12) 299 40 40 0
Crump Creek 74 33,47,50 33 33,47,48,49,50,51

(VAP-F12R_CRUO01A02)
Crump Creek Unnamed
Tributary 74 49 49 49
(VAP-F12R_XJCO01A12)
Harrison Creek
(VAP-F14R_HSNO1AO00)
Harrison Creek
(VAP-F14E_HSNO1A12)
Harrison Creek Unnamed
Tributary 73 23 23 23
(VAP-F14R_XJD01A12)
Jacks Creek and Tributaries
(VAP-F13R_JCK01A98)
Kersey Creek
(VAP-F12R_KERO01A12)
Upper Little River
(VAN-F10R_LTLO1A12) 299 42,43 42 42,43
Lower Little River

73 23 23 23

73 21 21 21,22,23

73 25 25 25

74 48 48 48

(VAP-F11R_LTLO1BOS) ~ ° 41 41 41,42,43

(VAP-F“Sgle(iIﬁitplAlz) 75 37 37 37

v . iT;SEﬁ,{A%%OB) 75 13 13 13,1519,3746

(VA&?TXEE%%SLOO) 3 2 2 2-13,1519,2151

(VAFI’D—IiTXEk?II\/II?(\)/gLOO) 3 1 1 1-13,1519,2151
Pamunkey er 73 1 1 1-13,1519,2151

(VAP-F14E_PMKO04A00)
Pamunkey River Unnamed
Tributary 73 30 30 30,31
(VAP-F13R_XDWO01A08)
Pamunkey River Unnamed
Tributary 73 31 31 31
(VAP-F13R_XDX01A04)
Pollard Creek
(VAP-F12R_PLD01A012)
Northeast Creek
(VAN-FO9R NSTO1A08) 341 44,45 44 44,45,46

74 51 51 51

In an effort to standardize modeling procedures across the state, VADEQ has required
that fecal bacteria models be run atlolr timestep. The HSPF model requires that the
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time of concentration in any subwateesl be greater than the tiraep being used for

the model. These modeling constraints as well as the desire to maintain a spatial
distribution of watershed characteristics and associated parameters were considered in the
delineation of subwatersheds. eTgpatial division of the watersheds allowed for a more
refined representation of pollutant sources, and a more realistic description of hydrologic

factors in the watersheds.

Nine land uses were identified in the watershed. These land uses were obtained b
merging different sources including the MRLC land use grid, and aerial photography of
the region. The ninkand useypes are given ifable B- 2. Within each subwatershed,

up to the nine land use types werpresented. Each land use in each subwatershed has
hydrologic parameterse(g., average slope length) and pollutant behavior parameters
(e.g.,E. coliaccumulation rate) associated with it. These land use types are represented
in HSPF as pervious land segnts (PERLNDs) and impervious land segments
(IMPLNDs). Impervious areas in the watershed are represented in four IMPLND types,
while there are ten PERLND types, each with parameters describing a particular land use.
Some IMPLND and PERLND parametersg(, slope length) vary with the particular
subwatershed in which they are located. Others vary with the seagomugper zone

storage) to account for plant growth, -oi, and removal.

Figure B-2 shows the lad uses used in modeling the Pamunkey River Watershed study
area. Table B- 3 andTable B- 4 show the breakdown of land uses within the drainage
area of each impairment.h&se acreages represent only what is within the boundaries of

the Pamunkey River Watershed study area
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Table B-2 Consolidated land use categories for the Pamunkey River Watershed
study area drainage area used in HSPF modeling.

TMDL Land use Pervious /
Categories Impervious (%)
Barren Pervious (100%)
Cropland Pervious (100%)
. Pervious (35%)
Commercial

Impervious (65%)
Pervious (92.5%)

Developed Impervious (7.5%)
Forest Pervious (100%)
Livestock Access Pervious (100%)
Pastue Pervious (100%)
Wetland Pervious (100%)
Water Pervious (100%)

\ P \ {

[] watershed Boundary
Road

Stream N L
2006 MRLC Land Use
Il Water [ Pasture/Hay W £
|| Developed [ ] Cropland
I Commercial [ | Wetland ~
I Barren I Livestock Access s

I Forest

10 0 10 Miles

Figure B-2 Land uses in the Pamunkey River Watershed study area.
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oy Table B-3  Spatial distribution of land use types in acres inthe Pamunkey River study area in acres.
@ Sub-
water- Water Developed Commercial Barren Forest Pasture Cropland  Wetland LAX Total
shed
1 2694.8 1079.4 2.51 14976 926.83 3302 5819.4 4.04 28805
2 332.04 102.46 475.28 109.78 432 720.3 2.63 21745
3 120.44 52.83 304.33 42.21 224.8 425.7 0.11 1170.4
4 87.93 24.04 62.99 39.3 210.9 457.68 0.03 882.88
5 82.01 69.53 1135.39 143.33 320.2 302.63 0.74 2053.8
6 292.37 84.13 933.96 534.85 1574 1007.5 5.8 4432.6
7 290.91 148.8 2901.85 926.19 1851 1256.8 9.06 7385
8 74.51 19.15 233.81 150.03 208.9 549.13 1.38 1236.9
9 105.34 337.97 5.33 2210.66 1654.9 2968 2130.8 9.35 9422.5
10 8.95 21.43 33.83 131.78 273.6 229.36 0.22 699.15
11 114.68 727.91 7103.91 2318.4 3873 3108.8 4.9 17251
12 108.38 372.66 7.34 7484.24 1347.1 2453 2123.3 7.65 13903
13 97.31 509.36 10.39 34.4 5495.54 762.46 2076 2547.2 3.57 11536
15 22.02 99.31 3.44 1985.91 269.13 384.6 594.9 0.11 33594
16 16.63 597.85 311.3 5.21 1091.91 380.7 108.7 645.52 1.84 3159.7
17 405.11 1432.8 100.4 124 22041.1 1543.2 1636 1120.9 15.92 28420
18 114.13 545.46 3.86 3.79 12962.4 1409.6 639.5 442 .39 8.95 16130
19 33.18 133.86 3.92 4344.12 471.36 353.8 69.43 8.77 5418.5
21 30.96 35.2 198.58 231.11 74.38 344.24 0.67 915.14
22 19.97 19.67 22324 97.53 74.81 435.22
23 57.97 216.78 4181.55 106.54 155.5 375.43 0.54 5094.3
24 14.77 34.6 471.61 138.1 266.97 926
25 81 611.43 13.01 9.82 11793.9 852.72 1814 1607.9 3.3 16787
26 151.45 720.89 1.33 15998.6 517.73 1519 1460.4 6.27 20375
LAX is livestock access to a stream.
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Table B-4  Spatial distribution of land use types in acres in the Pamunkey River study area in acres (cont.).
Sub-
water- Water Developed Commercial Barren Forest Pasture  Cropland  Wetland LAX Total
shed
27  131.89 846.96 28.08 123452 12486 2872 1298 2.29 18774
28 12433 848.61 26.34 128 101793  951.36 2307 1159.8 6.43 15731
30 11.32 75.24 140396  255.88 631.6 492.88 0.14 2871
31 6.94 53.8 796.03 74.18 271.8 368.51 0.61 1571.9
33 3118 139.42 38  2057.85  185.12 659.1 458.41 0.7 3569.8
34  85.08 1453.6 320.1 43.7  7336.65  1155.6 1373 1867.8 2.94 13638
35 91.4 31.45 20 1.13 143.98
36 74.17 59.56 3.41 137.14
37 39.04 260.35 35 1641.03  296.52 141.9 150.24 5.67 2538.2
38  38.24 567.78 55.21 359 532371  316.59 305.5 751.87 0.61 7363.1
39 5844 94.1 21.07 137 517643  523.43 271.7 256.34 6.04 6544.1
40  46.69 212.28 5.11 31.6  4443.88  1257.3 526.7 315.72  28.57 6867.8
41 108 544.61 4.5 457 118853  2341.8 1116 986.34  20.07 17011
42 50.6 246.22 258  6132.84 1001 467.8 37899  10.74 8314
43 236.8 958 25.15 486 230227  2719.8 1409 12265  43.11 29690
44 28.33 124.95 2.44 3519.08 507.9 373.6 172.65  10.09 4739.1
45 8853 523.45 5.54 328 111275  1152.1 1146 952.88  11.67 15041
46 2325 350.28 6029.38 254.8 57.81 520.4 1.21 7237.1
47  10.82 133.52 1.51 1365.18  104.64 75.29 183.77 0.19 1874.9
48  28.99 390.82 4.49 1173.67  181.56 142.1 87.63 0.92 2010.2
49 1163 183.06 2.7 725.11 145.56 226.7 21.28 0.89 1316.9
50 8.46 355.28 42.69 1037.73  187.31 136.2 82.52 0.4 1850.6
51 2891 160.31 1.11 1654.14  180.34 174.2 120.81 0.56 2320.4
Total 6554.4 16686 1098 676 237045 30009 41276 39535  249.7 373129

LAX is livestock access to a stream.
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TMDL Development Pamunkey River Watershed, VA

Die-off of fecal bacteria can be handled imfilicor explicitly. For landapplied fecal
matter (mechanically applied and deposited directly);offievas addressed implicitly
through monitoring and modeling. Samples of collected waste prior to land application
(i.e., dairy waste from loafing areasyiere collected and analyzed by MapTech.
Therefore, dieoff is implicitly accounted for through the sample analysis. -d@fe
occurring in the field was represented implicitly through model parameters such as the
maximum accumulation and the 90% wash w@ffe, which were adjusted during the
calibration of the model. These parameters were assumed to represent not only the
delivery mechanisms, but the bacteria-ditas well. Once the fecal bacteria entered the
stream, the general decay module of HSPF \waorporated, thereby explicitly
addressing the dieff rate. The general decay module uses a first order decay function to
simulate dieoff.

Stream Characteristics

HSPF requires that each stream reach be represented by constant charactegstics (
stream geometry and resistance to flow). These data are entered into HSPF via the
Hydraulic Function Tables (fbles). The fables developed consist of four columns:
depth (ft), area (ac), volume (&), and discharge (ts). The depth represents the
possible range of flow, with a maximum value beyond what would be expected for the
reach. The area listed is the surface area of the flow in acres. The volume corresponds to
the total volume in the reach, and is reported in-8see The discharge isnsply the

stream outflow, in cubic feet per second.

In order to develop the entries for thedbles, a combination of the NRCS Regional
Hydraulic Geometry Curves (NRCS, 2008), Digital Elevation Models (DEM), nautical
charts, and bathymetry data was usétie NRCS has developed empirical formulas for
estimating stream top width, cressctional area, average depth, and flow rate, at-bank
full depth as functions of the drainage area for regions of the United States. Appropriate
equations were selected bdsen the geographic location of the Pamunkey River
Watershed study area. Using these NRCS equations, an entry was developed in the F
table that represented a bal situation for the streams at each subwatershed outlet. A

profile perpendicular to thehannel was generated showing the stream profile height with
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distance for each subwatershed outlegre B-3). Consecutive entries to thet&ble
are generated by estimating the volume of water and surfaceirartbe reach at

incremental depths taken from the profile.

110

1054

100+

Elevation (ft)

90 } | | |
0 200 400 600 200
Distance along outlet profile {ft)

Figure B-3  Stream profile representation in HSPF.

Conveyance was used to facilitate the calculation of discharge in the reach with values
for resistance to flow (Mani n i assigned based on recommendations by Brater and
King (1976) and shown ifable B- 5. The conveyance was calculated for each of the
two floodplains and the main channel; these figures were then addégetogeobtain a

total conveyance. Calculation of conveyance was performed following the procedure
described by Chow (1959). Average reach slope and reach length were obtained from
GIS layers of the watershed, which included elevation from DEMs ancanstow
network based on National Hydrography Dataset (NHD) data. The total conveyance was
then multiplied by the square root of the average reach slope to obtain the discharge (in

ft%/s) at a given depth. An example of ateble used in HSPF is shownTable B- 6.

Table B-5 Summary of Manning's roughness coefficients for channel cells*.

Section Upstream Area (ha) Manning's n
Intermittent stream 18- 360 0.06
Perennial stream 360 and greater 0.05

*Brater and King (1976)
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Table B-6 Example of an FTable Calculated for the HSPF model.
Depth Area Volume Outflow
(ft) (ac) (ac-ft) (ft%s)
0 0 0 0
3.28 0.71 1.41 17.07
6.56 1.89 5.15 45.23
9.84 2.54 12.18 85.02
13.12 4.77 24.80 152.82
16.40 56.55 77.51 637.72
19.68 1,047.22 1,635.10 18,846.85
22.96 2,875.31 7,405.99 69,827.77
26.24 3,495.32 18,464.40 133,806.76
29.52 4,426.89 31,720.10 160,393.97

EPA regulations at 40 CFR 130.7 (c)(1) require thatDLM take into account critical
conditions for stream flow, loading, and water quality parameters. The intent of this
requirement is to ensure that the water quality of the Pamunkey River Watershed study
area is protected during times when it is most walple.

Critical conditions are important because they describe the factors that combine to cause
a violation of water quality standards and will help in identifying the actions that may
have to be undertaken in order to meet water quality standards. biaetadia sources
within the Pamunkey River Watershed study aaeaattributed to both point and non

point sources. Critical conditions for waters impacted by-lzaskd nofpoint sources
generally occur during periods of wet weather and high surfaaaffrurin contrast,

critical conditions for point souregominated systems generally occur during low flow

and low dilution conditions. Point sources, in this context also, includ@oiohsources

that are not precipitation driven.{, fecal depositiotio stream).

A description of the data used in these analyses is shown in Table 2.1 in Chapter 2.
Graphical analyses of fecal bacteria concentrations and flow duration intervals showed
that water quality standard violations occurred at nearly every ifitevval at four (4)
VADEQ monitoring stations in the Pamunkey River Watershed study Rigga ¢ B-4 to
Figure B-66).

represented in the allocation modeling time period.

This demonstrates that this stream should havefl@ll regimes
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Figure B-4 E. coli bacteria concentrations at 8ACQ001.35 on Acquinton
Creek discharge at USGS Gaging Station # 01673000.
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Figure B-5 E. coli bacteria concentrations at 8ACQ004.43 on Acquinton
Creek versus discharge at USGS Gaging Station # 01673000.
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100,000 Hiah Flow Moist Conditions Mid-Range Flow Dry Conditions Low Flow
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Figure B-6 E. coli bacteria concentrations at 8ACQ008.01 on Acquinton
Creek versus discharge at USS Gaging Station # 01673000.
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Figure B-7 E. coli bacteria concentrations at 8ARN000.73 on Arnolds Creek
versus discharge at USGS Gaging Station # 01673000.
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Figure B-8 E. coli bacteria concentations at 8BDC000.05 on Beaverdam
Creek versus discharge at USGS Gaging Station # 01673000.
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Figure B-9 E. coli bacteria concentrations at 8BLC001.77 on Black Creek
versus discharge at USGS Gaging Station # 01673000.
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Figure B-10 E. coli bacteria concentrations at 8CMC005.16 on Cohoke Mill
Creek versus discharge at USGS Gaging Station # 01673000.
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Figure B-11 E. coli bacteria concentrations at 8CRU000.92 on Crunp Creek
versus discharge at USGS Gaging Station # 01673000.
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Figure B-12 E. coli bacteria concentrations at 8CRU005.61 on Crump Creek
versus discharge at USGS Gaging Station # 01673000.

100,000 High Flow Moist Conditions Mid-Range Flow Dry Conditions Low Flow

10,000+
=
o
=1 o
S
S 1,000
c ]
S e}
8
€
§ © o (o]
o
8 100 (0]
2 o o)
I
g O o O q
m

10 4
1 T T T T T
0 10 20 30 40 50 60 70 80 90 100
Flow Duration Interval (%)
—— VADEQ Instantaneous E.coli Standard (235 cfu/100mL) O Observed E.coli at 8-CRU008.30

Figure B-13 E. coli bacteria concentrations at 8CRU008.30 on Crump Creek
versus discharge at USGS Gaging Station # 01673000.
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Figure B-14 E. coli bacteria concentrations at 8HQT002.12 on Hornquarter
Creek versus discharge at USS Gaging Station # 01673000.

100,000 High Flow Moist Conditions Mid-Range Flow Dry Conditions Low Flow

10,000+
=
o
o
-
"\:" 1,0004
% I o)
S 1 e}
g (o]
€
Q
g
8 100 4 (@) O O O (@) O O e
B ]
5]
13]
]
m

10 4
1 T T T T T
0 10 20 30 40 50 60 70 80 90 100
Flow Duration Interval (%)
—— VADEQ Instantaneous E.coli Standard (235 cfu/100mL) O Observed E.coli at 8-HSN000.92

Figure B-15 E. coli bacteria concentrations at 8HSN000.92 on Harrison Creek
versus discharge at USGS Gaging Station # 01673000.
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Figure B-16 E. coli bacteria concatrations at 8-HSN002.12 on Harrison Creek
versus discharge at USGS Gaging Station # 01673000.
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Figure B-17 E. coli bacteria concentrations at 8HSN002.43 on Harrison Creek
versus discharge at USGS Gaging Station # 01673000.
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Figure B-18 E. coli bacteria concentrations at 8HSN003.93 on Harrison Creek
versus discharge at USGS Gaging Station # 01673000.
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Figure B-19 E. coli bacteria concentrations at 8JKC004.15 on Acks Creek
versus discharge at USGS Gaging Station # 01673000.
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Figure B-20 E. coli bacteria concentrations at 8JKC005.80 on Jacks Creek
versus discharge at USGS Gaging Station # 01673000.
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Figure B-21 E. coli bacteria concentrations at 8JKC007.95 on Jacks Creek
versus discharge at USGS Gaging Station # 01673000.
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Figure B-22 E. coli bacteria concentrations at 8KER001.31 on Kersey Creek
versus discharge at USGS &ging Station # 01673000.
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Figure B-23 E. coli bacteria concentrations at 8LNG000.94 on Long Creek
versus discharge at USGS Gaging Station # 01673000.
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Figure B-24 E. coli bacteria concentratilms at 8LTL002.69 on the Little River
versus discharge at USGS Gaging Station # 01673000.
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Figure B-25 E. coli bacteria concentrations at 8LTL009.54 on the Little River
versus discharge at USGS Gaging Station # 01673000.
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Figure B-26 E. coli bacteria concentrations at 8L.TL018.80 on the Little River
versus discharge at USGS Gaging Station # 01673000.
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Figure B-27 E. coli bacteria concentrations at 8L.TL024.86 on the Little River
versus discharge at USGS Gaging Station # 01673000.
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Figure B-28 E. coli bacteria concentrations at 8L.TL030.55 on the Little River
versus discharge at USGS Gaging Station # 01673000.
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Figure B-29 E. coli bacteria concentrations at 8LTL035.32 on the Little River
versus discharge at USGS Gaging Station # 01673000.
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Figure B-30 E. coli bacteria concentrations at 8MCP002.42 on Mechumps
Creek versus digharge at USGS Gaging Station # 01673000.
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Figure B-31 E. coli bacteria concentrations at 8MCP009.56 on Mechumps
Creek versus discharge at USGS Gaging Station # 01673000.
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Figure B-32 E. coli bacteria concentrations at 8CR001.64 on Mill Creek
versus discharge at USGS Gaging Station # 01673000.
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Figure B-33 E. coli bacteria concentrations at 8VDQ001.37 on Matadequin
Creek versus discharge at USGS Gaging StationG1673000.
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Figure B-34 E. coli bacteria concentrations at 8MLL001.19 on Mill Creek
versus discharge at USGS Gaging Station # 01673000.
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Figure B-35 E. coli bacteria concentrations at 8MLY001.58 on Mallory Creek
versus discharge at USGS Gaging Station # 01673000.
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Figure B-36 E. coli bacteria concentrations at 8MNQO004.19 on Moncuin Creek
versus discharge at USGS Gaging Station # 01673000.
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Figure B-37 E. coli bacteria concentrations at 8MUS000.57 on Music Branch
versus discharge at USGS Gaging Station # 01673000.
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Figure B-38 E. coli bacteria concentrations at 8NAR005.42 on the North Anna
River versusdischarge at USGS Gaging Station # 01673000.
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Figure B-39 E. coli bacteria concentrations at 8NFD002.26 on the

Newfoundland River versus discharge at USGS Gaging Station
#01673000.
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Figure B-40 E. coli bacteria concentrations at 8NST000.58 on Northeast Creek
versus discharge at USGS Gaging Station # 01673000.
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Figure B-41 E. coli bacteria concentrations at 8NST003.46 on Northeast Creek
versus discharge at USGS @&ging Station # 01673000.
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Figure B-42 E. coli bacteria concentrations at 8NST007.84 on Northeast Creek
versus discharge at USGS Gaging Station # 01673000.
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Figure B-43 E. coli bacteria concentations at 8NST011.60 on Northeast Creek
versus discharge at USGS Gaging Station # 01673000.
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Figure B-44 E. coli bacteria concentrations at 8NST011.67 on Northeast Creek
versus discharge at USGS Gaging Station # 01673000.
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Figure B-45 E. coli bacteria concentrations at 8°PLD001.73 on Pollard Creek
versus discharge at USGS Gaging Station # 01673000.

APPENDIXB B-33



TMDL Development Pamunkey River Watershed, VA

100,000 High Flow Moist Conditions Mid-Range Flow Dry Conditions Low Flow

10,000+
E -
o
o
-
=
$ 1000{ o
g © ° 1
g o % o
c

O
8 o 500
S 100 o (e) (o] o O O @O [6]e ()] @ d% O @ @
O o o (e) [e)e} (@) [e
g o O O 00 O 0O e} o ¢}
E o O (e) (e) (o) oy O O 00O 0O © (e) @O O o Qg
104
1 T T T T T
0 10 20 30 40 50 60 70 80 90 100
Flow Duration Interval (%)
= VADEQ Instantaneous E.coli Standard (235 cfu/100mL) O Observed E.coli at 8-PMK034.17

Figure B-46 E. coli bacteria concentrations at 8PMK034.17 on he Pamunkey
River versus discharge at USGS Gaging Station # 01673000.
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Figure B-47 E. coli bacteria concentrations at 8?PMK039.74 on the Pamunkey
River versus discharge at USGS Gaging Station # 01673000.
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Figure B-48 E. coli bacteria concentrations at 8PMK044.64 on the Pamunkey
River versus discharge at USGS Gaging Station # 01673000.
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Figure B-49 E. coli bacteria concentrations at 8°PMK048.80 on the Pamunkey
River versus discharge at USGS Gaging Station # 01673000.
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Figure B-50 E. coli bacteria concentrations at 8PMK056.87 on the Pamunkey
River versus discharge at USGS Gaging Station # 01673000.
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Figure B-51 E. coli bacteria concentrations at 8?PMK072.34 on the Pamunkey
River versus discharge at USGS Gaging Station # 01673000.

B-36

APPENDIXB



TMDL Development Pamunkey River Watershed, VA

100,000 Hiah Flow Moist Conditions Mid-Range Flow Dry Conditions Low Flow

10,0004
"_E‘
o
o
-
3
“g 1,0004
= (e)
k]
©
£ Qo8 2 o
g O [ [
& 1004 ©
O o ©O o (¢ O (@)
g 0 o) QO
i} o
[}

O (e) O [®
crg o® (o] o (o] o
D o
10 A
1 T T T T T
0 10 20 30 40 50 60 70 80 90 100
Flow Duration Interval (%)
—— VADEQ Instantaneous E.coli Standard (235 cfu/100mL) O Observed E.coli at 8-PMK082.34

Figure B-52 E. coli bacteria concentrations at 8PMK082.34 on the Pamunkey
River versus dischargeat USGS Gaging Station # 01673000.
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Figure B-53 E. coli bacteria concentrations at 8SAR001.11 on the South Anna
River versus discharge at USGS Gaging Station # 01673000.
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Figure B-54 E. coli bacteria concentrations at 8SAR012.42 on the South Anna
River versus discharge at USGS Gaging Station # 01673000.
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Figure B-55 E. coli bacteria concentrations at 8SAR014.47 on the South Anna
River versus discharge at USGS Gging Station # 01673000.
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Figure B-56 E. coli bacteria concentrations at 8TG001.00 on Stagg Creek
versus discharge at USGS Gaging Station # 01673000.
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Figure B-57 E. coli bacteria concentratins at 8STG005.46 on Stagg Creek
versus discharge at USGS Gaging Station # 01673000.

APPENDIXB

B-39



TMDL Development Pamunkey River Watershed, VA

100,000 High Flow Moist Conditions Mid-Range Flow Dry Conditions Low Flow
10,0004
o
€
o
o
d
=}
g 1,0004
S o
s
3 O
2
8 100 O o O () O
< o O
@ (0]
°©
<
o o
10 1
1 T T T
0 10 20 30 40 50 60 70 80 90 100
Flow Duration Interval (%)
— VADEQ Instantaneous E.coli Standard (235 cfu/100mL) O Observed E.coli at 8-TPT004.37

Figure B-58 E. coli bacteria concentrations at 8TPT004.37 on Totopotomoy
Creek versus discharge at USGS Gaging Station # 01673000.
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Figure B-59 E. coli bacteria concentrations at 8XDW000.67 on an unnamed
tributary to the Pamunkey River versus discharge at USGS Gaging
Station # 01673000.
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Figure B-60 E. coli bacteria concentratiors at 8XDX000.38 on an unnamed
tributary to the Pamunkey River versus discharge at USGS Gaging

Station # 01673000.
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Figure B-61 E. coli bacteria concentrations at 8XEG000.06 on an unnamed
tributary to Mechumps Creek versus dscharge at USGS Gaging
Station # 01673000.
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Figure B-62 E. coli bacteria concentrations at 8XHZ000.15 on an unnamed
tributary to Northeast Creek versus discharge at USGS Gaging

Station # 01673000.
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Figure B-63 E. coli bacteria concentrations at 8XIA000.89 on an unnamed
tributary to Music Branch versus discharge at USGS Gaging
Station # 01673000.
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Figure B-64 E. coli bacteria concentrations at 8XIW000.42 on an umamed
tributary to Jacks Creek versus discharge at USGS Gaging Station
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Figure B-65 E. coli bacteria concentrations at 8XJC001.12 on an unnamed
tributary to Crump Creek versus discharge at USGS Gaging
Station # QL673000.
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Figure B-66 E. coli bacteria concentrations at 8XJD000.02 on an unnamed
tributary to Harrison Creek versus discharge at USGS Gaging
Station # 01673000.

Based on this analysis, a time period for calibration andlatadn of the model was
chosen based on the overall distribution of wet and dry seasons in order to capture a wide

range of hydrologic circumstances for all impaired streams in this study area.

Selection of the modeling period was based on two factoadahility of data (discharge

and water quality) and the need to represent critical hydrological conditions. Mean daily
discharge at USGS Gaging Station 01673000 in the Pamunkey River near Hanover was
available from October 1941 to the present. Dailycipitation data was available from

the Richmond International Airport NCDC Coop station #447201. The hydrologic
calibration period was October 2002 to September 2005 and hydrologic validation period
was October 1994 to September 1997. The fecal condentddta were evaluated to
determine the relationship between concentration and the level of flow in the stream.
High concentrations of fecal coliform were recorded in all flow regimes, thus it was

concluded that the critical hydrological condition in@dda wide range of wet and dry
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seasons. Multiple periods were used for water quality calibration and validation

depending on the availability of monitored data.

Figure B-67 and Figure B-68 are shown here to demonstrate the historical annual and
seasonal stream flow and precipitation and how the selected time period encompasses a
representative range of value3.able B- 7 shows tle statistical comparison between

calibration/validation time periods and historic time period.
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Figure B-67 Modeling time periods, annual historical flow (USGS Station
01673000), and precipitation (Station 447201) data.
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Figure B-68 Modeling time periods, seasonal historical flow (USGS Station
01673000), and precipitation (Station 447201) data.

Table B-7 Comparison of modeled period to historical records for the Pamukey
River watershed.

Discharge (01673000) Precipitation (447201)
Fall Winter Spring  Summer Fall Winter Spring Summer
Historical Record (1941- 2013) Historical Record (1946- 2013)

Mean 834 1,588 1,053 502 0.106 0.108 0.114 0.146
Variance 343,149 617,743 308,704 247,180 0.002 0.001 0.001 0.004

Calibration Time Period (10/029/05) Calibration Time Period (10/029/05)
Mean 1,293 1,737 1,462 948 0.114 0.100 0.149 0.235
p-value 0.138 0.290 0.194 0.126 0.338 0.351 0.150 0.057
Variance 510,757 188,033 651,163 435,356 0.001 0.001 0.003 0.009
p-value 0.233 0.261 0.129 0.179 0.491 0.370 0.110 0.115

Validation Time Period (10/949/97) Validation Time Period (10/949/97)
Mean 1204 1891 931 678 0.119 0.098 0.096 0.124
p-value 0.260 0.204 0.198 0.285 0.312 0.196 0.049 0.271
Variance 968061 370182 48369 272462 0.002 0.000 0.000 0.004
p-value 0.066 0.448 0.145 0.338 0.301 0.224 0.172 0.603
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Source Representation

Both point and nonpoint sources can be @spnted in the model. In general, point
sources are added to the model as a-8arees of pollutant and flow inputs to the stream.
Land-based nonpoint sources are represented as an accumulation of pollutants on land,
where some portion is available foansport in runoff. The amount of accumulation and
availability for transport vary with land use type and season. The model allows for a
maximum accumulation to be specified. The maximum accumulation was adjusted
seasonally to account for changes ia-afif rates, which are dependent on temperature
and moisture conditions. Some nonpoint sources, rather than beinbased, are
represented as being deposited directly to the streamdnimal defecation in stream).
These sources are modeled sinldo point sources, as they do not require a runoff
event for delivery to the stream. These sources are primarily due to animal activity,
which varies with the time of day. Once in stream;alfas represented by a firstrder

exponential equation.

Much of the data used to develop the model inputs for modeling water quality is time
dependentd.g.,population). Depending on the timeframe of the simulation being run,
different estimates were used. Data were obtained for the appropriate timeframe for
water quality calibration and validation. Data representing 2012 were used for the

allocation runs in order to represent current conditions.

Ten (10) point sources are permitted to discharge water into surface waters in the
Pamunkey River Watershed studyea through the Virginia Pollutant Discharge
Elimination System (VPDES) that contains fecal bactefiable 3.2). Section 3.1
discusses these permits in more detail. Three (3) additional permits are domestic or
single family home permit that discharges less than 1,000 gallons peTalag 8.3).

For calibration and validation condition runs, recorded flow and fecal bacteria
concentration or Total Residual Chlorine (TREvels documented by the VADEQ were
used as the input for the permit. The TRC data was related to fecal bacteria
concentrations using a regression analysifable B- 8 shows the minimum and

maximum discharge ta in million gallons per day (MGD) and the minimum and
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maximum fecal coliform bacteria concentration in colony forming units per 100

milliliters (cfu/100mL). These values are the sums of all the data for outfall 001.

The design flow capacity was usext &llocation runs. This flow rate was combined with

a fecal coliform concentration of 200 cfu per 100 ml to ensure that compliance with state
water quality standards could be met even if permitted loads were at maximum levels.
The design flow rates arfdcal coliform bacteria concentrations are showiable B-

8.

Nonpoint sources of pollution that were not driven by runefg( direct deposition of
fecal matter to the the stream by wildlife) were modeledlaity to point sources. These

sources, as well as latdised sources, are identified in the following sections.
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Table B-8 Flow rates and bacteria loads used to model VADEQ active permits in
the Pamunkey River Watershed study eea.
Calibration/Validation Allocation
Bacteria Bacteria
FI:?\)AV\(/BRDa: e Concentration FIZOMV\('SRD? e Concentratio
(cfu/200mL) cfu/100mL)
VADEQ Cotform
Permit Facility Name Min Max Min Max |Design Flow .
Number Geometric
Mean Standar
VA0020630 DJJ BarrettJuvenil o o415 560 000 79504 | 0.019 200
Correctional Cente
DJJ Hanover
VA0020664 Juvenile 0.000 0.040 34 13.7 0.0347 200
Correctional Cente
VA0023914 Ham"{,‘\)/'}go'mes 0001 0148 000 24000 | 0.02 200
Hanover County
VA0029521 Doswell WWTP 0.500 0.500 1.00 389.00 6.34 200
Hanover Courthous
VA0062154 WWTP 0.006 0.568 0.019 1,491.77 0.08 200
Cumberland
VA0067121  Hospitalfor 007 0088 1.894 3.79 0.03 200
Children &
Adolescents
VAO068314 RNaPsody Industiic o ny)y 003 2029 19.73 |  0.005 200
Parki Purgo
vaoosg102 HRSD King William 5y, 035 000 500 | 0.100 200
County STP
Hanover County
VA0089915 Totopotomoy 0.09 3.1 0.5 13 10.00 200
WWTP
VA0091537 Mount Olive WTF NA NA NA NA 0.008 200
VAGA404066 SR Sunoco,Inc. \\yA NA NA 0.001 200
c/oRose E. Moore
VAG40423¢ Samueland Beverl \\ A NA NA 0.001 200
Moody
Wee Care Christia
VAG404258 Learning Center, NA NA NA NA 0.001 200

LLC

I New discharge no discharge data availabléo discharge data available.

The numler of septic systems in the Pamunkey River Watershed study area was
calculated by overlaying U.S. Census Bureau data (USCB, 1990; ZR0B)with the
subwatershedsDuring allocation runs, the number of households was projected to 2012,
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based on currergrowth rateUSCB, 2000)esulting in 14,128 septic systems, 556 pit
privies, and 62 straight pipeggble B- 9 andTable B- 10).

Table B-9  Estimated failing septic systems and straight pipes for 2012 in the
Pamunkey River study area.

Failing Homes
Septic Septic ~ WIthPit  giraight
Subwatershed Systems Systems Privies Pipes
1 434 9 13 1
2 18 0 1 0
3 4 0 0 0
4 3 0 0 0
5 59 2 1 0
6 47 1 2 0
7 158 4 3 0
8 8 0 0 0
9 250 8 5 1
10 3 0 0 0
11 611 14 9 1
12 200 4 7 1
13 70 3 18 2
15 28 1 6 1
16 125 4 10 1
17 973 32 58 6
18 483 16 21 2
19 165 3 7 1
21 2 0 0 0
22 0 0 0 0
23 57 2 4 0
24 3 0 0 0
25 346 12 12 1
26 1,120 37 9 1
27 1,685 56 14 2
28 975 32 33 4
30 76 3 1 0
31 43 1 1 0
33 96 3 2 0
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Table B- 10 Estimated failing septic systems and straight pipes for 2012 in the
Pamunkey River study area (cont.).

Failing Homes
Septic Septic with Pit  Straight

Subwatershed Systems Sysems  Privies Pipes
34 903 30 69 8
35 1 0 0 0
36 1 0 1 0
37 105 4 16 2
38 295 10 13 1
39 177 6 3 0
40 192 6 13 1
41 576 18 29 3
42 322 8 19 2
43 1,036 21 70 8
44 180 6 7 1
45 602 20 18 2
46 222 7 8 1
47 267 9 4 0
48 417 14 40 4
49 128 4 2 0
50 389 13 2 0
51 273 9 3 0

Total 14,128 432 554 58

The initial estimates of the number of failing septic systems were based on the
assumption that each septic system fails, on average, once during an expected lifetime of

30 yeas . Resulting estimates were shared wit|
feedback was obtained and used in adjusting numbers. The fecal coliform density for

septic system effluent was multiplied by the average design load for the septic systems in

the subwatershed to determine the total load from each failing system. Additionally, the

loads were distributed seasonally based on a survey of septicquingontractors to

account for more frequent failures during wet months.

Straight pipes were estimataging 1990 U.S. Census Bureau block demographics.
Houses | isted in the Census sewage disposal
disposing sewage via straight pipes. Corresponding block data and subwatershed

boundaries were intersected to deteemam estimate of uncontrolled discharges in each
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subwatershed. The loadings from straight pipes were modeled in the same manner as

direct discharges to the stream.

Fecal coliform produced by livestock can enter surface waters through four pathways:
land application of stored waste, deposition on land, direct deposition to streams, and
diversion of wastwater and waste directly to streams. Each of these pathways is
accounted for in the model. The amount of fecal coliform directed through each pathway
was calculated by multiplying the fecal coliform density with the amount of waste
expected through that pathway. Different livestock populations were estimated for each
water quality modeling period (calibration/validation/allocation). The numbers agd bas
on data provided by Virginia Agricultural Statistics (VASS), with values updated and
discussed by VADCR, NRCS and SWCDs as well as taking into account growth rates in
these counties as determined from data reported by the Virginia Agricultural Statistic
Service (VASS, 1997; VASS, 2002). For laapplied waste, the fecal coliform density
measured from stored waste was used, while the densityexcested manure was used

to calculate the load for deposition on land and to stredaldd 3.11). The use of fecal
coliform densities measured in stored manure accounts for arpffdieat occurs in
storage. The modeling of fecal coliform entering the stream through diversion of wash

water was accounted for by thigeitt deposition of fecal matter to streams by cattle.

For cattle, the amount of waste deposited on land per day was a proportion of the total

waste produced per day. The proportion was calculated based on the study entitled
AModel ing Cattd ec d&Sntdwacatne dAclcyestshe Bi ol ogi cal
Department at Virginia Tech and MapTech, Inc. for VADCR. The proportion was based

on the amount of time spent in pasture, but not in close proximity to accessible streams,

and was calculated as follows:
Proportion = [(24 hr)i (time in confinement) (time in stream access areas)]/(24 hr)

All other livestock (horse, sheep, goats) were assumed to deposit all feces on pasture.

The total amount of fecal matter deposited on the pasture land wasegbted.
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The amount of waste deposited in streams each day was a proportion of the total waste
produced per day by cattl e. First, the pr o]
areas was calcul ated based on the HAModelin
proportion was calculated as follows:

Proportion = (time in stream access areas)/(24 hr)

For the waste produced on the fAstream acces:
as being directly deposited in the stream and 70% remained on the land segment adjac

to the stream. The 70% remaining was treated as manure deposited on land. However,
applying it in a separate lange area (stream access) allows the model to consider the

proximity of the deposition to the stream. The 30% that was directly depdsitine

stream was modeled in the same way that point sources are handled in the model.

Investigation of VADEQ data indicated that biosolids applications occurred in the
Pamunkey River study area (Table 3.6). Class B biosolids are permitted to cortain up
1,995,262 cfu/glry, as compared with approximately 240 cfdty for dairy waste.
Records of biosolids application location, timing, and quantity were available, enabling
the water quality modeling to benthewateri ed out
guality model received land based inputs of biosolids loads on the day in which they
actually occurred. During model runs, biosolids were modeled as having a fecal
concentration of 157,835 cfu/g, the mean value of measured biosolids conmestrat
observed in several years of samples supplied by VADEQ for sources applied during
2001-2011. Applications were modeled as being spread onto the land surface over a six
hour period on the date of reported application. An assumption of proper appligas

made, wherein no biosolids were modeled as being spread in stream corridors.

For each species of wildlife, a GIS habitat layer was developed based on the habitat
descriptions that were obtained (Section 3.2.6). An example of one of these layers is
shown inFigure B-69. This layer was overlaid with the land use layer and the resulting
area was calculated for each land use in each subwatershed. The number of animals per

land segment was determined by muyiiipg the area by the population density. Fecal
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coliform loads for each land segment were calculated by multiplying the wasteload, fecal

coliform densities, and number of animals for each species

[ Watershed Boundary

Stream N
Qcéoon Habitat
I Non-habitat w £
[ | Primary Habitat
[ Secondary Habitat N
10 0 10 Miles

Figure B-69 Example of raccoon habitat layer in the Pamunkey River
Watershed study area, as developed by MapTech.

For each species, a portion of the total wasteload was considerebaksed] with the
remaining portion being directly depositeddiseams. The portion being deged to
streams was based on the amount of time spent in stream acces3 abéa8.14). It

was estimated that, for all animals other than beaver, 5% of fecal matter produced while
in stream access areas wazdiy deposited to the stream. For beaver, it was estimated

that 100% of fecal matter would be directly deposited to streams.

Cats and dogs were the only pets considered in this analysis. Population density (animals
per house)wasteload and fecal coform density are reported in Section &.2.Waste
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from pets wasdistributed on residential land uses. The number of households per
subwatershed was taken from the 2000 Census (USCB, 1990 and USCB, 2000). The
number of animals per subwatershed was detexthiby multiplying the number of
households by the pet population density. The amount of fecal coliform deposited daily
by pets in each subwatershed was calculated by multiplying the wasteload, fecal coliform
density, and number of animals for both caid dogs. The wasteloadvas assumed not

to vary seasonally. The populations of cats and dogs were projected from 2000 data to
2011.

Model Calibration and Validation Processes

Calibration and validation are performed in order to ensure that the modeatabcur
represents the hydrologic and water qguality
hydrologic parameters were set based on available Boil$,use and topographic data.

Through calibration, these parameters were adjusted within appropriaés namg the

model performance was deemed acceptable.

The model was calibrated for hydrologic accuracy using daily flow data for the period
October 2002 through September 2005. The daily stream flow used was from the
Pamunkey River near Hanover (USGS Gggbtation # 01673000, October 1941 to the
present). The modeled output from subwatershed 13 was compared agdionst theta

for the USGS Gaging Station.

HSPF parameters that were adjusted during the hydrologic calibration represented: the
amount of evapotranspiration from the root zone (LZETP), the recession rates for
groundwater (AGWRC) and interflow (IRC), the length of overland flow (LSUR), the
amount of soil moisture storage in the upper zone (UZSN) and lower zone (LZSN), the
amount of interceptin storage (CEPSC), the infiltration capacity (INFILT), the amount

of soil water contributing to interflow (INTFW), deep groundwater inflow fraction
(DEEPER), baseflow PET (BASETP), groundwater recession flow (KVARY), and active
groundwater storage PET (AE&TP). Table B- 11 contains the possible range for the

above parameters along with the initial estimate and final calibrated value. State
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variables in the PERLND water (PWATIlR sectio

were adjusted to reflect initial conditions.

Table B- 11 Initial hydrologic parameters estimated for the Pamunkey River
Watershed study area, and resulting final values after calibration.

Possible Range Initial Final Calibrated
Parameter Units of Parameter Parameter Parameter
Value Estimate Value
LZSN in 2.01 15.0 10 4.0
INFILT in/hr 0.0017 0.50 0.0744i 0.2479 0.00747 0.0248
KVARY 1/in 0.07 5.0 1 1
AGWRC 1/day 0.857 0.999 0.94 0.996
DEEPFR 0.07 0.50 0.1 0.1
BASETP 0.01 0.20 0.3 0.05
AGWETP 0.01 0.20 0.0 0.0
INTFW 1.07 10.0 1.0 1.0
IRC 1/day 0.3071 0.85 0.3 0.3
MON-INTERCEPT in 0.017 0.40 071 0.2 07104
MON-UZSN in 0.057 2.0 0.4711 0.327 0.8
MON-LZETP 0.1V 0.9 0i 04 0108

Table B- 12 shows the percent difference (or error) between observed and modeled data
for total instream flows, upper 10% flows, and lower 50% flows during model
calibration. These values represent a closeeagent with the observed data, indicating

the model was well calibratedFigure B-70 and Figure B-71 graphically show these

comparisons.
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Table B- 12 Hydrology calibration model performance from 10/1/2002 through
9/30/2005 at USGS Gaging Station@1.6730000n the Pamunkey
River (subwatershed 13)

Criterion Observed Modeled Error

Total In-stream Flow: 50.08 48.25 -3.67%
Upper 10% Flow Vales: 21.32 19.81 -7.08%
Lower 50% Flow Values 8.19 8.25 0.68%
Winter Flow Volume 15.74 14.14 -10.18%
Spring Flow Volume 13.47 11.80 -12.37%
Summer Flow Volume 8.83 10.53 19.23%
Fall Flow Volume 12.05 11.78 -2.21%
Total Storm Volume 46.74 44.88 -3.99%
Winter Storm Volume 14.91 13.30 -10.79%
Spring Storm Volume 12.63 10.96 -13.30%
Summer Storm Volume 7.99 9.68 21.20%
Fall Storm Volume 11.21 10.94 -2.46%
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The modeled output was validated for the period of 10/1994 to 9/30/1997. Simulated
flow at subwatershed 13 was compared with daily flow at the Pamunkey River USGS
Gaging Station # 01673000.able B- 13 shows the percent difference (or error) between
observed and modeled data for totaktream flows, upper 10% flows, and lower 50%
flows during model calibration. These values represent a close agreement with the
observeddata, indicating the model was well calibrated and has been validated during a
different time period. Figure B-72 and Figure B-73 graphically show these

comparisons.

Table B- 13 Hydrology validation model performance from 10/1/1994 through
9/30/1997 at USGS Gaging Station@1.6730000n the Pamunkey
River (subwatershed 13)

Criterion Observed Modeled Error

Total In-stream Flow: 43.18 40.54 -6.12%
Upper 10% Flow Values 18.55 15.83 -14.66%
Lower 50% Flow Values 6.48 6.97 7.53%
Winter Flow Volume 17.08 16.10 -5.70%
Spring Flow Volume 8.58 8.67 1.05%
Summer Flow Volume 6.31 6.13 -2.96%
Fall Flow Volume 11.22 9.64 -14.02%
Total Storm Volume 39.83 36.01 -9.61%
Winter Storm Volume 16.24 14.98 -1.77%
Spring Storm Volume 7.74 7.54 -2.61%
Summer Storm Volume 5.48 4,99 -9.02%
Fall Storm Volume 10.37 8.50 -18.01%
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Water quality calibration is complicated by a number of factors; first, water qulity (
coli) concentrations are highly dependent on flow conditions. Any variability associated
with the modeling of stream flow compounthe variability in modeling water quality
parameters. Second, the concentratiok.ofoli is particularly variable. Variability in
location and timing of fecal deposition, variability in the density of bacteria in feces
(among species and for an indival animal), environmental impacts ong®wth and
die-off, and variability in delivery to the stream all lead to difficulty in measuring and
modeling E. coli concentrations. Additionally, the VADEQ data were censored at
specific high and low values.e 8,000 cfu/100ml or 16,000 cfu/100ml as highs or 100
cfu/100ml as low value). Limited amount of measured data for use in calibration and the

practice of censoring both high and low concentrations impede the calibration process.

Four parameters were liged for model adjustment: istream firstorder decay rate
(FSTDEC), monthly maximum accumulation on land (MSROLIM), the rate of
surface runoff that will remove 90% of stored fecal bacteria per hour (WSQOP), and the
temperature correction coefficiefur first-order decay of quality (THFST). All of these
parameters were initially set at expected levels for the watershed conditions and adjusted
within reasonable limits until an acceptable match between measured and modeled
bacteria concentrations wastablished. Depending on the type of available bacteria
data, either fecal coliform dg. coli monitored data were used.able B- 14 shows the

model parameters utilized in calibration with their typical rangasal estimates, and

final calibrated values.

Table B- 14 Model parameters utilized for water quality calibration.

Parameter Units Typical Range Initial P_arameter Calibrated
Estimate Parameter Value
MON-SQOLIM FC/ac 1.0E027 1.0E+30 0.07 5.3E+10 0.07 1.0E+12
WSQOP in/hr 0.0571 3.00 071 2.8 071 2.8
FSTDEC 1/day 0.017 10.00 1.0 0.017 3
THFST none 1.07 2.0 1.07 1.07

Figure B-74 through Figure B-89 show the results of water quality calibration.

Monitored values are an instantaneous snapshot of the bacteria level, whereas the
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modeled values are daily averages based on hourly modeling. The monitored values may
have been sampled at th@hest concentration of the day and thus correctly appear

above the modeled daily average. Although the range of modeled daily average values
may not reach every instantaneous monitored value, the modeled data follows the trend

of monitored data, and tygally includes the monitored extremes.

Careful inspection of graphical comparisons between continuous simulation results and
limited observed points was the primary tool used to guide the calibration prdedss.

B- 15 shows the predicted and observed values for the maximum value, geometric mean,
and single sample (SS) instantaneous violations for the Pamunkey River stream
segments.
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Figure B-74 E. coli calibration for 10/1/2008 b 9/30/2011 for VADEQ station 8
NST003.46 in subwatershed 45 on Northeast Creek.
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Figure B-75 E. coli calibration for 10/1/2002 to 9/30/2005 for VADEQ station 8
NSTO000.58 in subwatershed 44 on Northeast Creek.
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Figure B-76 E. coli calibration for 10/1/2008 to 9/30/2011 for VADEQ station 8
BDCO000.05 in subwatershed 40 on Beaverdam Creek.
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Figure B-77 E. coli calibration for 10/1/2008 to 9/30/2011 for VADEQ station 8
LTLO018.80 in subwatershed 41 on the Little River.
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Figure B-78 E. coli calibration for 10/1/2008 to 9/30/2011 for VADEQ station 8
LTL009.54 in subwatershed 39 on the Little River.
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Figure B-79 E. coli calibration for 10/1/2008 to 9/30/2011 for VADEQ station 8
NARO005.42 in subwatershed 17 on the North Anna River.
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Figure B-80 E. coli calibration for 10/1/2008 to 9/30/2011 for VADEQ station 8
MLLO001.19 in subwatershed37 on Mill Creek.
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Figure B-81 E. coli calibration for 10/1/2008 to 9/30/2011 for VADEQ station 8
PMKO082.34 in subwatershed 13 on the Pamunkey River.

Figure B-82 E. coli calibration for 10/1/2008 to 9/30/2011 for VADEQ station 8
CRUO000.92 in subwatershed 33 on Crump Creek.
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