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Comparing alternative methods of
simulating bacteria concentrations

with HSPF under low-flow conditions

he hydrological Simulation

Program-FORTRAN (HSPF)
model is the primary tool used
to develop bacterial impair-
ment TMDLs for freshwater
streams in Virginia. However,
several TMDL reports have
documented difficulty with
simulating in-stream bacteria
concentrations under low-flow
conditions. Low flows are of-
ten associated with low-order,
upland watersheds. During dry
weather conditions, these
streams frequently stop flow-
ing. However, due to limita-
tions with the application of
HSPF, the model continues to
predict very small flow rates
when, in fact, no flow is oc-
curring at the outlet and the
flow within the reach is likely
discontinuous (e.g., water
collects in pools within the
reach of the stream).

During these low-flow con-
ditions, even small amounts of
bacteria deposited directly in
the stream result in simulated
bacteria concentrations much
higher than would realistically
occur. In Virginia, a bacterial
impairment TMDL must include
load reductions sufficient to
achieve zero violations of the
single sample and geometric
mean criteria associated with

Low flow stream conditions

the primary contact recrea-
tion standard. As a conse-
quence, unrealistically high
simulated in-stream bacteria
concentrations are translated
in the TMDL as bacteria
source load reductions that
might be greater than what is
actually needed to improve
water quality to meet the
standard. To address this
modelers have employed
some unique methods to
more accurately represent
simulated bacteria concen-
trations at low flows.

This study used HSPF to
compare three low-flow di-
rect deposit (DD) simulation

approaches in two Virginia wa-
tersheds where bacterial im-
pairment TMDLs were previ-
ously developed and where
low-flow conditions had been
encountered. The three low-
flow simulation methods - Flow
Stagnation (FS), DD Stage Cut-
off (SC), and Stream Reach
Surface Area (SA) - have all
previously been used to de-
velop TMDLs.

Results suggests that a com-
bination of the SC and FS
methods may be the most ap-
propriate treatment for ad-
dressing unrealistically high
concentrations simulated dur-
ing low-flow conditions.
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However, this combination must be used search provides a good basis for address-
ing low flow issues in TMDLs but additio-

with caution as the FS method may in-

crease the maximum simulated in-stream anal research is needed to validate

under specific cirsumstances. This re-

these methods so that those developing

TMDLs can choose an appropriate tech-
nique to accurately represent watershed
conditions.

FTABLE generation method effects on in-stream
fecal bacteria concentrations simulated with HSPF

The following is an abstract from a
paper that will be published in early
2008 in Journal of the American Water
Resources Association (JAWA).

Computer simulation models are used
extensively for the development of
Total Maximum Daily Loads (TMDLs).
Specifically, the Hydrological Simula-
tion Program-FORTRAN (HSPF) is used
in Virginia for the development of
TMDLs for bacteria impairments. HSPF
estimates discharge from a reach using
function tables (FTABLES). The FTABLE
relates stream stage, surface area, and
volume to discharge from a reach. In

this study, five FTABLE estimation
methods were assessed by comparing
their effect on various simulation out-
puts. Four “field-based” methods used
detailed cross-sectional data collected
via site surveys. A fifth “digital-based”
method used digital elevation data in
combination with the Natural Re-
sources Conservation Service Regional
Hydraulic Geometry Curves. Sets of
FTABLEs created using each method
were used in simulations of in-stream
bacteria concentration for a Virginia
watershed. Several statistics relating
to in-stream bacteria including long-
term average concentration, die-off,

and the violation rate of Virginia’s
bacteria criterion were compared.
The pair-wise Student’s t-test was
used for the comparison. The HSPF
simulations that used FTABLES esti-
mated from digitally-based data con-
sistently produced significantly higher
long-term average in-stream fecal
bacteria concentrations, significantly
lower in-stream fecal bacteria die-off,
which is related to differences in resi-
dence time in the streams, and sig-
nificantly higher water quality crite-
rion violation rates.
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New staff joins the Center

familiar face in the Biological

Systems Engineering (BSE) De-
partment recently joined the Cen-
ter’s staff, bringing additional statis-
tical and TMDL expertise to our team
of watershed researchers and TMDL
developers.

Karen S. Kline, who joined the Cen-
ter this fall, earned her B.S. and
M.S. in Agricultural Engineering at
Virginia Tech. She completed her
PhD in Agricultural Engineering at
Texas A&M University in College Sta-
tion, with an emphasis on statistical
hydrology. After completing her

doctorate, Karen worked for the
Biological Systems Engineering De-
partment at Virginia Tech, where
she provided statistical expertise in
two watershed sampling and model-
ing projects.

Karen has over 10 years of experi-
ence in watershed and TMDL related
projects. Her early work in the TMDL
process included involvement with
BSE’s Polecat Creek, Nomini Creek,
and Owl Run watershed projects.
Karen has also been involved with a
number of TMDL and implementation
projects for the State of Virginia,

and she contributed to the Virginia
Department of Conservation and
Recreation’s “Guidance Manual for
Total Maximum Daily Load Imple-
mentation Plans.”

As Kline explained, “I’m excited
about returning to the academic
setting to not only work on TMDL
projects, but to continue to engage
in research projects relating to wa-
ter quality and watershed studies.”
Given her impressive range of TMDL,
implementation, and statistical ex-
pertise, Karen will be a great asset
to the Center.

fUpdates on current Virginia TMDLs

2008 TMDL Watersheds

Hays/Moffatts Creeks

(Tribs: Otts Creek, Walker Creek)

North Fork & South Fork Pound River
(Tribs: Donald Branch, Phillips Creek)

Bull Creek

Indian Creek

Powhatan/Mill Creeks

90 180 Miles
1 1 L ]

Lick Creek bacteria and aquatic life
(VA general standard) TMDLs (active
and historical coal mining): Final com-
ments addressed, awaiting submittal
to EPA.

Indian Creek bacteria TMDL: The final
public meeting took place on Septem-
ber 17, 2007. The report is available
for public comment.

Hardware River bacteria TMDL. The
final public meeting took place on
September 13, 2007. The report is
available for public comment.

North Fork and South Fork Pound
aquatic life (VA general standard)
impairment (active and historical coal
mining): Presented results of stressor
analysis at the second TAC meeting on
August 29, 2007. Discussions are un-
derway with DEQ and EPA on the pos-
sibility of designating sulfate as one of
the most probable stressors on two of
the impaired segments.

e Hays/Moffatt Creeks bacteria TMDL: The watershed source characterization and hydrology calibration is underway.

e Powhatan/Mill Creeks bacteria TMDLs: The watershed source characterization and hydrology calibration is underway
for this tidal influenced TMDL. HSPF and Tidal PRISM will be used to develop the allocations. The first public meeting

took place on September 18, 2007.

e Bull Creek aquatic life TMDL (VA general standard) impairment (active and historical coal mining): Data is being gath-
ered for the stressor analysis, the reference watershed comparisons, and for modeling purposes.
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