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Bacteria Total Maximum Daily L oad | ssues:
Report of the Bacteria TMDL Subcommittee
of the
Water Quality Academic Advisory Committee

I ntroduction

In the 1997 Water Quality Monitoring, Information and Restoration Act (WQMIR), the Virginia
Generd Assembly directed the Virginia Department of Environmental Qudlity (DEQ) to develop
the EPA-required 303(d) and 305(b) reportsin consultation with experts from the state’s
universities. Also, the WQMIR requires the DEQ to "develop and publish a procedure

governing its process for defining and determining impaired waters and shdl provide for public
comment on the procedure’ with the assumption that these 303(d) procedures will be developed
after consultation with scientists from the stat€' s universities. To meet the WOQMIR academic
consultation requirements, DEQ asked the Virginia Water Resources Research Center (VWRRC)
to organize and coordinate a Water Qudity Academic Advisory Committee (AAC) asan

independent advisory body.

In 1997-1998, the AAC reviewed and evauated the scientific merits of the DEQ's existing and
evolving water quality assessment procedures for the 305(b) and 303(d) reports. The AAC's
1997-1998 findings submitted to DEQ are documented in VWRRC Special Report No. SR-8-
1998. In 1999-2000, the AAC addressed topics of concern to the DEQ in three general arees:
issues relating to biological monitoring protocols, modeling techniques and other methods
relating stressor to benthic degradation and feca contamination, and water quality gods and
setting water quality standards. The report of the AAC to DEQ for years 1999 and 2000 is
VWRRC Specia Report No. SR18-2000. Electronic copies of the specia reports are available
from the VWRRC Website: www.vwrrc.vt.edu.

The Water Qudity Academic Advisory Committee work effort for 2001-2002 isalogica
extenson of the previouswork efforts. Thefisca year 2002 work plan was organized around a
review of and report on water quaity standards and the assessment of their attainment. See
Appendix A for alist of the 2002 AAC members. This report summarizes the efforts of the
AAC subcommittee’ s response to bacteria total maximum daily load (TMDL) issues.

Purpose

The responghility of the AAC subcommittee on bacteria TMDLSs in 2001-2002 was to address
specificissues raised by DEQ reated to the scientific merits of Hydrologica Simulation
Program:--Fortran (HSPF) modeling, bacteria source tracking (BST), and TMDL development
using the flow duration/BST approach (dso referred to as the cheaper-better-faster or CBF

approach).



Procedures

The AAC subcommittee on bacteria TMDLs held a workshop on February 22, 2002 in
Charlottesville, Virginiawith 18 experts on BST and TMDL development to discuss issues
related to the development of bacteria TMDLs and the use of BST in TMDL development in
Virginia. The workshop participants (Appendix B) discussed DEQ' s questions concerning
bacteria TMDL issues (Figure 1) and helped the AAC members develop responsesto DEQ's
guestions.

2.

3.
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I. — Questions about HSPF M odeling
1.

What is the best way to use truncated and minimum concentration data during model
cdibration and vdidation?

What isthe best way to represent feca coliform (FC) concentrations during sorm
recessons?

What is the best way(s) to represent unknown source inputs that contribute
sgnificantly to the bacteriaload during base flow conditions?

How reasonable isit to keep feca production rates constant throughout the state for
humans, livestock, and wildlife?

In generd, how much flexibility do we need in fecd production ratesto dlow for
reasonable cdibrations and ill maintain some statewide consistency?

In terms of addressing the impairment, what should be the time step of the geometric
mean calculation, 720-hour geometric mean, 30-day geometric mean of daily
average, 30-day geometric mean of dally median, etc.?

Recommendetions for congstency in modd (HSPF) application.

Il. — Questions about Bacteria Source Tracking (BST)
1
2.

Wheat are the uses of BST in TMDL devel opment?

What spatid distribution and number of samples are required for watershed
characterization/source assessment usng BST?

What is the utility of and conditions for effective BST use as a HSPF mode
cdibration tool compared to traditiona calibration/land use gpproaches with HSPF?
Should modd calibration be to land use loading or measured BST?

What isthe proper role of BST in TMDL development?

How can the usefulness of BST for TMDL development and implementation be
enhanced?

1. —Questions about TMDL Development Using the Flow Duration/BST (or the CBF)
Approach
1

Isthe BST/flow duration gpproach a suitable (defensible and gpprovable) method for
feca coliform TMDL development?

Which isthe preferred method for feca coliform TMDL development? The flow
duration/BST approach or the HSPF/land use approach?

How can the flow duration/BST approach be improved?

Figurel. DEQ Questionsfor the AAC.




|. — Questions about HSPF M odeling

HSPF 1. —What isthe best way to use truncated and minimum concentration data during
mode calibration and validation?

Procedures used by the DEQ' s ambient water quality program for feca coliform enumeration
were designed to determine if waters exceed the state water quality standard of 1000 colony
forming units per 100 milliliters water (1000 cfw/100mL) but were not designed for absolute
enumeration of feca coliform counts. Consequently, samples were diluted according to standard
methods to enumerate counts in the range of 100 to 8,000 or 100 to 16,000 cfu/100mL. Asa
result, coliform counts less than 100 are recorded as 100, and counts greater than the upper limit
are recorded as 8,000 or 16,000. This approach presents a problem during calibration of models
used for development of feca coliform TMDLs because predicted model peaks and sweep
samples with higher dilutions often exceed the truncated ambient water quality vaues by oneto
three orders of magnitude. Thereisasmilar problem with vaues below the lower detection

limit, as the model predictions and sweep sample results are often less than the lower detection
limit. Thus, it isimpossible to determineif the modds are accuratdy predicting feca coliform
concentration outside of the range of 100 to 8,000 or 16,000 cfu/100mL.

Thereis no good way to calibrate the modd s used for TMDL development using truncated
values. To fadilitate the Virginia TMDL program, the DEQ should immediatdly incresse the
dilution range used in its bacteriad monitoring program. Initidly, the range should be 1 to
1,000,000 cfw/100mL, but as the DEQ collects data at each ambient water quality monitoring
station and defines the observed range for each gtation, the required dilution range can be
decreased. Unitil adequate improved data are collected for TMDL development and
implementation purposes, the AAC recommends that truncated data be used as follows.

During modd cdibration, the frequency of smulated daily feca coliform vaues should
be equa to or dightly greater that the fraction of observed values that exceed the upper
detection limit. Smilarly, if thereisalower detection limit, the frequency of Smulated
vaues below the detection limit should be gpproximately equd to the frequency of
measured values below the lower detection limit.

Simulated concentrations should be a or above high-truncated concentrations and at or
below minimum concentration values during visud cdibration.

Truncated data should not be assumed to be the maximum or minimum concentrations.
They should be viewed as minimum concentrations for high concentration periods and
maximum concentrations for low concentration periods during calibration.

Supplemental sampling during TMDL development is desirable to identify expected Site-
specific pesk vaues. Supplementd sampling should be conducted during periods with
sormwater runoff. During cdibration, the model should be cdibrated so that predicted
hourly fecd coliform concentrations are “in the range’ of the sweep vaues during smilar
smulated flow conditions.



HSPF 2. —What isthe best way to represent fecal coliform (FC) concentrations during
storm recessions?

There are concerns that the HSPF mode, as used in the development of fecd coliform TMDLs
in Virginia, under represents fecad coliform concentrations during storm recessions because it
does not smulate the expected release of fecal coliform bacteria from benthic sediment during
flow events. Until recently, there was no way to determine if HSPF under represented recesson
concentrations because systematic monitoring had not been conducted during storm flow
periods. During the U.S. Geologica Survey’'s (USGS) Accotink Creek, Blacks Run, and
Chrigtians Creek TMDL studies, the USGS measured feca coliform concentrations during the
hydrograph rising and recession limbs of runoff events. According to the USGS, fecd coliform
concentrations dropped dowly during the recession limbs of monitored hydrographs. The USGS
reported that they increased predicted concentrations during the recession limb to better match
observed concentrations by inflating smulated feca coliform concentration in groundweter and
interflow. Because the USGS data have not been released for externa review (as of September
2002), it isnot possible for the AAC to assess whether this smulated increase in fecd coliform
concentration in groundwater and interflow isjudtified, but it may be a reasonable gpproach.
The Virginia Tech TMDL Development Group performed alimited andysis of predicted fecd
coliform concentrations during recesson limbs. Feca coliform concentrations obtained during
the recesson limbs of the smulated storms declined graduadly as one would expect. Inthe
absence of monitored recession limb concentrations, it appeared that HSPF did a reasonable job
of amulating concentrations during the recesson limb. Until data or research becomes available
that provides evidence to the contrary, the ACC recommends that fecal coliform concentrations
predicted by HSPF during recession limbs be assumed valid.

HSPF 3. —What isthe best way(s) to represent unknown sour ce inputsthat contribute
significantly to the bacteria load during base flow conditions?

All known TMDL deve opers to date have estimated direct deposition of fecd materid in
streams by livestock and wildlife as point sourceloads. Thisisreasonable. Typicaly, loads are
varied monthly in response to changing populations and access to streams, and loading is
congtant for the month and does not vary during the 24-hour day. However, some evidence
suggests that snce many wild animals are nocturnd, direct deposits due to nocturna wildlife
should only be smulated as being deposited in streams at night. In contrast, waterfowl are
generdly active during the daytime, S0 their direct deposts should be amulated during the
daylight hours. Livestock are more active during the daytime and are reported to avoid riparian
zones during the night. Consequently, livestock deposits to streams should probably only be
amulated during daylight hours. In other words, direct deposits to streams by wildlife and
livestock should be varied daily according to the habits of the species considered. It isnot
known if varying loads throughout the 24-hour day will have a Sgnificant effect on modd results
(as compared to congtant loads), but variable loads during the day are preferable because they
more accurately reflect animd activity.

Rdease of fecd coliform bacteria from sediment during storms and base flow conditionsis not
typicdly smulated in TMDLSs developed usng HSPF. HSPF has the capability to smulate fecal
coliform in both free (dissolved) and adsorbed phases if sediment transport is smulated, but



experimentd data do not exist to describe the equilibrium between free feca coliform and feca
coliform adsorbed to sediment. In the Accotink Creek, Blacks Run, and Christians Creek
TMDLSs, rdease of fecd coliform from sediment during baseflow conditions was smulated by
cdibrating the feca coliform concentration in groundwater (that is responsible for baseflow) to
observed concentrations during baseflow. This gpproach isreasonable if sufficient fecdl
coliform data are available for cdibration, but these data have only been available during the
USGS study. If thisapproach isused, itiscritica to understand that the calibrated baseflow
concentrations represent the release of fecal coliform from sediment, and they do not represent
feca coliform in groundweter. Thus, if feca coliform must be reduced during the TMDL, the
reduction should bein “release from sediment” or the *sources that contribute to the sediment
load,” not to the groundwater load. Until research is conducted to better describe the equilibrium
between free and sediment adsorbed feca coliform and die-off rates for fecal coliformin
sediment, the AAC recommends that feca coliform continue to be modded using the presently
used free bacteria (dissolved) approach.

There are very limited data concerning feca coliform concentrations in interflow and in the
portion of groundwater that contributes to baseflow. Most groundwater data are from wells used
for potable water, and these wells typicaly obtain water from deeper aquifersthat are more
protected from bacterid contamination. Thus, samples from wells probably underestimate the
concentrations of feca coliform in shalower groundwater that contributes to baseflow.
Sampling of unprotected shalow wells and springs near streams probably provides a better
estimate of fecd concentrations in groundwater contributing to baseflow. If springs are sampled
to ascertain bacteria concentrations in shalow groundwater, it is preferable to sample protected
springs where the concentrations will be representative of the groundwater qudity rather than
contamination of the groundwater after it surfaces. The AAC could find no information on
bacteria concentrations in interflow, dthough it would be reasonable to assume that they are
higher than those in groundwater. Until research is conducted to measure bacteria
concentrations in interflow, the AAC recommends that interflow concentrations be 50% larger
than the estimated groundwater concentrations.

HSPF 4. — How reasonableisit to keep fecal production rates constant throughout the state
for humans, livestock, and wildlife?

The ACC' s best professond judgment isthat fecal matter production rates vary by afactor of
one or two, and fecd coliform concentrations in excreted feca materid for a given pecies vary
by two to four orders of magnitude (over time for agiven individua and from individud to
individud). Thus, thereisahigh degree of uncertainty in overal fecd coliform production rates.

To accurately predict actual fecal production rates in awatershed, one would need to collect a
large number of samples from al species and for various ages of each species. Thisintensve
sampling is not economicaly feasble for TMDL development purposes. Consequently, the
AAC recommends that TMDLs be developed using standard feca production rates published for
humans and livestock unless gatisticaly vaid research is conducted to develop better values
gpecificdly for Virginiaconditions. Thereis much lessinformation in the literature on feca
production rates for wildlife, but someis available, and some has been collected through the

early fecd coliform TMDLs developed in Virginia The AAC recommends that existing



literature values be used for wildlife production rates unless research is conducted to develop
regional databases on fecal production rates and concentration data. Published production rates
are probably best for humans, intermediate for livestock, and poorest for wildlife.

Because of the high degree of uncertainty in fecd coliform production rates, some TMDL

devel opers have attempted to calibrate feca coliform production rates and densities to improve
predictions of in-stream fecal coliform concentrations. Site-pecific dengities can readily be
obtained through source sampling to reduce uncertainty in these vaues. If cdibration of fecd
coliform ratesis performed, the modeler is faced with the question of which sources to calibrate.
Extendve in-stream sampling with BST andyss may possibly provide guidance for thisleve of
discernment if one assumesthat BST can accurately and quantitatively differentiate between
different species. BST has not been proven to be this accurate. It isthe opinion of the AAC that
cdibration of feca coliform production rates and densities should be avoided.

HSPF 5. — In general, how much flexibility do we need in fecal production ratesto allow for
reasonable calibrations and still maintain some statewide consistency?

As discussed for the previous question, it is the best professond judgment of the AAC that
sandard values for feca coliform production rates shoud be used across Virginia unless'until
watershed or regiona vaues become available through research. Since funding for this research
isnot likely given the stat€' s current economic Stuation, the AAC recommends thet the state
develop a st of fecal coliform production rates and that these vaues be used for TMDL
development without caibration. Published vaues probably have less uncertainty than BST
andyses, which are used for cdibration. Likewise, thereis probably less uncertainty in
published feca coliform production rates than there isin truncated ambient water quaity
monitoring concentrations.

HSPF 6. — In terms of addressing the impair ment, what should be the time step of the
geometric mean calculation, 720-hour geometric mean, 30-day geometric mean of daily
aver age, 30-day geometric mean of daily median, etc.?

The AAC pand of experts discussed this question at length because the different techniques may
yield sgnificantly different vdues It isthe unequivoca judgment of the AAC that the use of the
“mean” of the hourly (or smdler time steps) vaues to determine the representative vaue for the
day isgatigticdly invaid and provides the worst possible representation of the daily vaue. The
representative daily vaue can best be evauated by the geometric mean of the hourly (or smdler
time step) vaues or the median of dl the valuesfor the day. For consistency and Satistical
vdidity, the AAC recommends that the daily vaue aso be a geometric mean and that it should
be cdculated using the geometric mean of the 24 hourly (or smaller time steps) values. For
example, the daily vaue of 24 hourly vaues would equd:

24
\/Xl*Xz*Xs*---* X24

Alternately, the geometric mean can be caculated using dl the hourly vauesin amonth. For
example, for amonth with 30 days, the geometric mean of the hourly values over the 30-day
period would equdl:
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720
\/Xl* X2 * X3 ... % X720

where 720 = 30 days« 24 hours per day. This gpproach is datigticaly consstent.
HSPF 7. — Recommendationsfor consistency in model (HSPF) application.

Guidance should be specific on where and how to represent failed septic systems and Straight
pipes. Better guidance should be provided on direct deposition contributions from various types
of livestock and wildlife. Septic systems, straight pipes, and direct deposition should be input
within each sub-watershed, not uniformly at the watershed outlet. Cdlibration should focus on
the parameters for which there are the grestest uncertainty, not for parameters where reasonable
edimates exist or that can be measured (such asfecd coliform denstiesin excreted manure).
The Virginia Department of Conservation and Recreation (DCR) and DEQ should develop a
database of recommended parameter vaues for fecd production rates, time that various animals
gpend in streams, when direct deposit fecd materid is deposited in streams for each species,
septic system failure rates, and other smilar modd inputs. For consstency, al contractors
should use these values unless better Ste-specific data are available.

Il. — Questions about Bacteria Source Tracking (BST)

Bacterid source tracking or BST isa controversid topic with respect to itsrole in the
development of bacteria TMDLs. BST employs a variety of techniques to attempt to identify
the sources of fecd bacteriain streams.  Techniques that have been used include: antibiotic
resstance analysis (ARA), identification of source-specific bacteriophages, faity acid profiles,
carbon source, ratio of fecal coliformsto enterococci, ribotyping, Pulse Fidd Ge
Electrophores's, and Random Amplified Polymorphic DNA. Two techniques have been used in
TMDL devdopment in Virginia: antibiotic resstance andyssin most TMDLs and ribotyping in
three USGS TMDLs. The primary issues associated with BST involve the uncertainty
associated with thelr classfications between species and how waters should be sampled to
collect representative samples for BST andyss used for TMDLs. Unfortunatdly, it is difficult

to answer these questions as BST isanew science and still under development, and the accuracy
of the different methods has not been researched adequately. For example, as of September
2002, the AAC is aware of no attempts to test the accuracy of BST procedures usng
gandard/blind samples with known concentrations of mixed bacteria species or with spikes of
known species in mixed samples. Until the various BST methods are evauated using sandard
quaity control procedures, it will not be possible to define the accuracy of the various
procedures in quantifying the distribution of species within amixed sample.

It is our undergtanding that a nationd test with blind BST samples will be conducted in October
2002 and that many BST labsin Virginia (MapTech, Hagedorn, Wiggins, and others) will
participate in thistest. When the results of this experiment are compiled and released, we will
have a much better understanding of the accuracy and precision of the various BST procedures,
and we will be better able to respond to the DEQ questions.
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Thereis dso condderable uncertainty in the various satistical procedures used to classfy
isolates. Different labs use different procedures, and results vary greetly depending on the
classfication scheme. In generd, the BST classification agpproach involves collecting feca
samples from known sources. These samples are analyzed, and alibrary of information is
developed. Then, when anew sample from an unknown source is collected, the source from
which it comesis predicted using the information in the library. Two methods for analyzing the
datain the library and for predicting the source are logigtic regresson and discriminant analyss.
There are of course many other methods that might be applied (e.g., regressiontrees, neura
networks). The results of the analyss are estimated probabilities that the sample comes from
different sources and then classified into one of the sources. There are a number of problems
with the andysis and collection of datathat need to be addressed before the method is put into
generd practice.

1. Handling of unknown sources. Unknown sources are Smply ones that are not in the
library. The unknown source might be ducks or other animas for which source data
have not been collected. A method is needed that dlows for an *unknown group” as
part of the andys's and classfication.

2. Development of methods for improved classification: A current study indicated that
as the number of potentia sourcesincreased, the correct classification of the sources
decreased (B. Wiggins, presentation at the AAC mesting in Charlottesville, February,
2002). Thisisadisturbing result asit indicates a decrease in resolution as the number
of groupsincreases. We beieve tha there is a Sgnificant scientific problem with the
BST methodology if classfication accuracy decreases with the number of groups
used. Results should be smilar or better as the number of groupsincreases.

3. Laboratory andyssissues: There are severd issues related to the number of isolates
that are used, how many tests are applied, how the resulting data are recorded, and the
processing of these data For example, Dr. Hagedorn of Virginia Tech conducted a
preliminary sudy of the effects on classification owing to the number of isolates
andyzed. Asindicated in Table 1, classfication percentages vary depending on the
number of isolates andlyzed. The variation range within a site where 24 to 48 isolates
were anayzed is reasonable, with a maximum range of 13%. However, when the
number of isolates analyzed is decreased to 5 (rowsiin itdics), there are noticeable
changes in the classfication percentages. The within Ste variation range goes up to
53% when congdering 5 to 48 andyzed isolates. This suggests that classifications
involving 5 or fewer isolates are not datidticaly valid.

Even when “aufficient” isolates are used, there is still agreat dedl of uncertainty asto how BST
results can best be used. For example, in Table 2, the results of three BST samples are presented
for amonitoring station on Linville Creek in Virginia These samples used 24 isolates, and
classfication required 75% confidence for an isolate to be assigned to one of the four broad
classification categories. If the results are accurate, they indicate that wildlife is the most
sgnificant source of fecd bacteria at this Sation during the summer with extreme low flow
conditions. Infact, if these results are accurate and indicative of fecd bacterid levelsin Linville
Creek, they indicate that for two sampling dates, we are 75% confident that wildlife aone will



exceed the exiging ingantaneous Virginiafecd coliform standard of 1000 cfu/100mL by a
factor of 2.4 to 4.6 (assuming that feca coliform and enterococci have smilar die-off rates).
Contributions from humans, livestock, and urban sources (presumably pets) combined appear
minor (4 to 25%) if the unknown classfication is not consdered. The unknown classfication
however ranges from 4 to 50%, with a mean of 24%. If the percentage of bacteria associated
with the unknown isolates is congdered, then the unknowns done violate the existing

200 cfw/100mL 30-day geometric mean standard.

Table 1. Effect of number of isolates analyzed on BST classification (per sonal
communication, Charles Hagedorn, Virginia Tech, 2002). Shows classification results
using different numbers of isolates that were based on an Escherichia coli library for
Naked Creek, June 2001 samples.

Site Fecal No. of Poultry | Cow | Deer | Geese | Horse | Human | Sheep | Unknown
Coliform | solates (%) (%) | (%) (%) (%) (%) (%) Wildlife
Conc.,, (%)
cfu/100mL

1 2,860 48 0.0 504 | 100 5.6 5.6 44 0.0 24.0
1 2,860 36 0.0 475 | 124 4.8 75 105 0.0 17.3
1 2,860 24 0.0 439 70 95 121 7.7 0.0 19.8
1 2,860 5 0.0 400 | 0.0 0.0 0.0 40.0 0.0 20.0
2 4,080 48 109 544 | 174 0.0 74 0.0 0.0 10.0
2 4,080 36 15.0 46.1 [ 140 0.0 95 0.0 0.0 154
2 4,080 24 95 410 [ 125 0.0 119 0.0 0.0 251
2 4,080 5 0.0 80.0 | 20.0 0.0 0.0 0.0 0.0 0.0
3 2,030 48 48 429 50 9.8 7.1 5.7 00 24.8
3 2,030 36 20 52.9 30 55 6.0 88 0.0 218
3 2,030 24 50 48.7 44 116 85 8.3 0.0 135
3 2,030 5 0.0 0.0 40.0 20.0 0.0 20.0 0.0 0.0
4 470 43 0.0 478 | 16.7 44 6.7 7.8 0.0 16.7
4 470 36 0.0 454 [ 150 5.8 9.0 6.2 0.0 18.6
4 470 24 0.0 435 [ 176 8.7 89 85 0.0 12.8
4 470 5 0.0 20.0 | 400 40.0 0.0 0.0 0.0 0.0

Table 2. BST classification using the ARA method for three samplesin Linville Creek

with 24 isolates and 75% confidencein classifications.

Date Fecal Coliform | Enterococci ARA — Enterococci, cfu/100mL
cfu/100 mL cfw/100 mL | Wildlife Human Livestock Urban  Unknown
5/15/2002 900 400 46% 2% 2% 0% 50%
6/12/2002 6000 460 7% 0% 4% 15% 4%
7/25/2002 4100 830 58% 6% 2% 17% 17%

In spite of the current uncertainty in BST methods, the AAC believesthat BST holds gresat

promise for identification and enumeration of bacteria speciesin water. To achieve this promise,

the AAC recommends that in the short term, the state reduce the use of BST in TMDL

development and sponsor research to reduce uncertainties associated with BST accuracy. We are




concerned that the current use of BST iswasteful of limited resources available for TMDL
development (approximately $500/ BST sample) because we do not have any idea of how
accurate the various BST procedures are. We believe that afew wel-designed research projects
(such asthe nationd blind sample experiment) could answer these questions within a short

period of time. In addition, the AAC recommends that an environmental statistician be
contracted by DEQ to conduct an extensive evauation of datistical issues associated with the
andysis and collection of BST data. The dtatistician could develop arecommended st of
datistical procedures for BST dasgfication and monitoring in Virginia. With these issuesin

mind, we will try to address the following DEQ questions concerning the proper use of BST in
TMDLs.

BST 1. —What arethe uses of Bacteria Source Tracking (BST) in TMDL development?

As discussed above, BST can be used for many purposesin TMDL development. Asthe
uncertainty associated with BST is better defined and decreases, BST will become much more
useful. Given the current uncertainties associated with BST, we bdlieve that its best current uses
areto:

provide qualitative information on the species contributing feca bacteriato impaired

waters.

provide semi-quantitative information on the sources of fecd bacteria present in astream

at aspecific point.

assure the public that al sources of fecd bacteria are being considered during TMDL

development.
Given the current uncertainties associated with BST, the AAC recommends that until additiona
research is conducted and uncertainties are reduced, BST should not be used to:

quantify the distribution of feca coliform sourcesin streams,

identify pathway or trangport mechanisms,

specify reductions in specific sources required to meet water quality standards,

cdibrate models.

BST 2. —What spatial distribution and number of samplesare required for watershed
characterization/sour ce assessment using BST?

It isimpossible to answer this question at the current time with any degree of confidence because
of the uncertainty associated with BST classfication accuracy. Guidelines have been developed
for designing monitoring systems that answer questions related to watershed characterization and
source assessment for other pollutants. To develop such monitoring systems requires knowledge
of the accuracy of andyticd methods, the variability typicaly associated with each pollutant,
and correl ations between the pollutant and other factors such asflow. Because of the newness of
BST, these rlationships have not been defined. Our best professond judgment is as follows:
The number and digtribution of required BST samplesis very Ste-specific and depends
on the objective of the sampling for a particular sudy.
Sampling must be adequate to characterize distribution of sources during the conditions
causing violations of the water qudity sandards. BST enumeration should focus on
samplesthat arein violation of water quality standards. For example, if violations occur
predominately during the summer during low flow condiitions, then BST samples should
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be callected during this period. If violations occur during higher flow conditions, the
BST should aso be conducted during high flow conditions.

The number of samples collected must be adequate for satistica inference.

If BST results are used to estimate |oadings from different species over along period of
time, it isimportant to flow-weight the didtribution of different BST samples.

The BST reaultsfor fecd coliform enumerations that do not result in violations of the
standard should be given lessweight or discarded when assessing source contributions.

BST 3. —What isthe utility of and conditionsfor effective BST use asa HSPF model
calibration tool compared to traditional calibration/land use approaches with HSPF?

Thereis ahigh degree of uncertainty associated with the feca bacteria concentrations predicted
by HSPF. The more extensive feca coliform concentration data sets collected by the USGS as
part of the Accotink Creek, Blacks Run, and Christians Creek TMDLs may be ussful in defining
this uncertainty when they become available to the public. AsHSPF iscurrently used, it is not
feadble to calibrate HSPF sources to in-stream concentrations because HSPF lumps al sources
during smulation. 1f BST was affordable and if the uncertainty associated with BST were better
defined, BST could be used to confirm/calibrate concentrations in streams from different sources
as predicted by the modd at the time that BST samples are collected. This approach assumes
that HSPF was run so that it smulated the loadings, transport, and die-off of each fecd bacteria
source separately. HSPF can do this, but to our knowledge, individua feca bacteria sources
have never been smulated thisway. If this gpproach is used, HSPF smulations of individua
feca bacteria species could be cdibrated to BST derived in-stream concentrations for each feca
bacteria species. The concentrations produced by the individua species would then need to be
summed to caculate the overd| in-stream fecal bacteria concentrations used to determine
compliance with water quaity standards.

Some TMDL developersin Virginia, such as Virginia Tech and MapTech, Inc., have used HSPF
to edtimate in-stream feca bacterialoadings for individua fecal bacteria sources. These sources
include pervious land segment nonpoint sources (e.g., runoff from pastureland), impervious land
Segment nonpoint sources (e.g., runoff from streets and roads), direct nonpoint sources by
livestock, direct nonpoint sources by wildlife, permitted point sources, unpermitted point sources
(e.g., direct pipes and failing septic systems), and combined sewer overflows. The contributions
from the individua sources are estimated by turning off al sources but one and then running the
model with asingle source. For example, if the modd is run for three years, the modd will
predict the concentration versus time for the sngle source smulated and the cumulative loading
for the source over the smulated three-year time. If accurate BST data for the same source were
available, they could be used to calibrate this source. Unfortunately, because of the high cost of
BST andysis, it isunlikdly that sufficient BST derived data points would be available for
cdibration of loads. BST might be useful to check predicted concentrations on days with BST
derived concentrations.

Another problem with using BST to calibrate HSPF isthat BST is generdly only conducted
during the 12 monthsimmediately prior to TMDL development because of the short time frames
associated with TMDL contracts. HSPF israrely used to Smulate streamflow conditions during
this period because flow and meteorologica data required by HSPF are often not available until
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sx to eight months after collection. Thus BST dataare generaly not available for the period that
HSPF issmulating.

Serious discrepancies between fecal bacteria concentrations predicted by BST and HSPF should
be investigated. In the event of serious discrepancies, best professiona judgment and common
sense should be used to make find decisons because of known uncertainties with both BST and
HSPF.

BST 4. — Should modd calibration beto land use loading or measured BST?

The answer to this question depends on the confidence given to the accuracy of BST. Based
upon the discusson above and the results from the Virginia TMDLSs employing intensve BST
(Accotink Creek, Blacks Run, and Christians Creek), the AAC bdlieves that calibration based
soldy on BST is unwarranted at the present time. However, the difficulties encountered in the
Accotink Creek, Blacks Run, and Chrigtians Creek TMDLs are likely the result of the limited
number of isolates used. At its current state of development, the AAC believesthat BST is best
used as a check of land use loading based assessments.

BST 5. —What isthe proper role of BST in TMDL development?

At its current Sate of development, BST can best be used to:
Supplement land use loading based andysis.
Help communicate contributing source information to the public.
Identify minor and mgor sources and indicate the relative importance of each.

BST 6. —How can the usefulness of BST for TM DL development and implementation be
enhanced?

Research must be conducted to:
|dentify the best gtatistical methods for species classification and accounting for unknown
species (goecies not in the reference library).
Quantify BST accuracy and predictive ability by testing various BST labs with blind
samples containing known concentrations of various feca bacteria species.
All BST data (raw and processed) collected in state sponsored studies should be saved by
the state in a central database so that they can be reclassified when better classification
techniques become avallable. The reclassified data can then be used in future BST
research and water quality protection programs.



[11. — Questions about TM DL Development Using the Flow Duration/BST (or
the CBF) Approach

The proposed Virginiaflow duration/BST agpproach for TMDL development, also referred to as
the cheaper-better-faster (CBF) approach, is based on a Kansas |oad- duration approach, which is
described below. The Kansas example usesa TMDL development approach for atrazine, but the
same approach can be used for fecd coliform.

Step 1: Thefirgt step in the Kansas |oad duration gpproach isto develop aflow duration
curve for the gage Ste of interest. Thisis done by generating aflow frequency
table and plotting the points asindicated in Figure 2.

% Exceed Flow Flow Duration Curve
99 694.2
95 803.3 60000 -
90 920.2
85 12133 50000 .\ il
80 1629.7 \
75 2081.3 ll \
70 2692.9 40000
65 3130.3 3
60 3583.3 2 30000
55 41779 ™ Il
50 5092.2
45 6074.7 20000
40 7068.8 i
35 8398.1 10000
30 9801.8 |
75 11617.5 0 .
20 138385 -
15 17136.8 1 10 100
0| 22l Percent of Days Flow Exceeded

Figure2. Flow duration curve for impaired stream or a reference water shed if flow
data arenot available for theimpaired stream.

Step 2: The flow curveistrandated into aload duration (TMDL) curve. To accomplish
this, the flow vaue is multiplied by the gpplicable water quaity sandard and a
unit’s conversion factor and then plotted as shown in Figure 3.
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Prob. Flow | Atrazine (lbs/day) =
55 5543 185 Load Duration Curve
95 803.3 1331
90 9202 15.25 1000
85 12133 20.10 ‘\
80 1629.7 27.00
75 20813 34.49 = 800 N
70 2692.9 4462 © \
65 31303 51.87 S \
50 35833 59.38 % 600
55 3779 69.23 = |
50 5092.2 8438 ®
5 50747 100.66 £ 400
40 7068.8 17.13 N
35 8398.1 139.16 E
30 9801.8 162.42 < 200
25 116175 192.50
20 138385 229.30
15 171368 283.96 0 :
10 2228141 369.20
5| 302459 501.17 1 10 100
1| 56562.3 920.67 Percent of Days Load Exceeded

Figure3. Load duration curvefor impaired stream or areference water shed if flow

data arenot available for theimpaired stream.

Step 3: Water qudity data from the impaired watershed are converted to aload by
multiplying the observed concentrations by the average dally flow (on the day the
samples were taken). Then, the loads are plotted on the TMDL graph as shown in
Figure 4 (the Six triangle points).

Prob. FI Atrazine (Ibsiday) | Atrazine Load i
e e L] s Load Duration Curve
95 803.3 13.31
90 920.2 15.25 é\
85| 1213.3 20.10 1292 | =~
80| 16297 27.00 = 800 AN &
75| 20813 34.49 ] \
70| 2692.9 44.62 12291 75
85| 31303 51.87 2 600 ™
60| 3583.3 59.38 9587 | —
55| 4177.9 69.23 @
50| 5092.2 84.38 £ 400
45| 6074.7 100.66 N
40| 706838 117.13 ®
35| 8398.1 139.16 + 200
30| 98018 162.42 <
25| 116175 192.50
20| 138385 229.30 0
15| 17136.8 283.96 154.43
10| 22281.1 369.20 804.32
5| 302459 501.17 1 10 100
1] 55562.3 920.67 Percent of Days Load Exceeded

Figure4. TMDL curvefor impaired stream.
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Step 4-

Step 5:

Regresson andysis is then used to generate a best-fit line through the measured
daily load points, or the analys's can be cdculated on the observed vaues
themselves (Figure 5). When the measured daily load line is below the load
duration line (which is based on the standard), the water qudity standard is not
exceeded, and no reductions are required. If the measured daily load line is above
the load duration line, asillustrated in Figure 5, then the water quaity Sandard is
exceeded. Therequired TMDL load reduction would be the grestest difference
between the two lines for the flow conditions for which the water quaity sandard
is gpplicable. Because Kansas does not require TMDLS to meet the standard for
probabilities of less than 10 percent, the required reduction for the TMDL
(maximum required reduction between the two arrows) would be 515-385 = 130
Ibs/day. If the best-fit curveis not used and the TMDL is based on the measured
exiging vaues, then the required reduction would be: 804 — 385 = 419 Ibs/day.

Load Duration Curve
1200
Z 1000
e
5 800 [ — s
600 . el
= TMDL Curva\'i\\\ xisting Load [Curve
< 200 ry I
0
1 10 100
Percent of Days Load Exceeded

Figure5. TMDL and existing load duration curves.

Thereis no direct way to apportion required loading reductions between sources
with the Kansas approach, but Kansas has developed a method to roughly
gpportion loads between point and nonpoint sources as shown in Figure 6. Loads
that plot above the curve in the flow regime defined as being exceeded 85-99% of
the time are assumed indicative of point sources. Loads plotting above the curve
intherange of 10-70% exceedance are assumed to reflect nonpoint sources. A
combination of the two source categories is assumed to occur in the transition
zone of 70-85% exceedance. Loads plotting above the curve at exceedances less
than 10% or more than 99% reflect extreme hydrologic conditions of flood or
drought respectively, and Kansas does not require TMDLSs for these conditions.
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Figure6. Load duration curvefor impaired stream with assumed predominate sour ces
asafunction of load frequency.

Virginia Flow Duration/BST (or the Cheaper-Better-Faster) Approach

Aswe understand the proposed Virginia flow duration/BST (CBF) approach for feca bacteria
TMDLs, it isidenticd to the Kansas agpproach except that Virginiawill not attempt to develop a
regression curve. Both methods require that pollutant concentration and flow rate be measured
smultaneoudy, and the Virginiamethod aso requires BST analyss of the collected sample. The
critical loading reduction will be based on the maximum difference between the alowable
loading curve and the most extreme fecd bacteriaload measured, in terms of the required
percentage reduction.

Asindicated in Table 3 (prepared by the DEQ), the critical condition identified (bolded row,
largest required percentage) requires a 95% reduction in loading for the critica condition. Once
this critica condition is defined, the TMDL would be developed for this condition. In this
example, the TMDL would be based on an alowable load of 70 x 10° cfu/day. Thecritical
actual load on this day is 1,400 x 10° cfu/day. The next step in the proposed Virginia approach is
to dlocate the required loading reductions based on 12 to 18 monthly BST samples collected
concurrently with feca bacteria samples and flow measurements prior to the development of the
TMDL. With the proposed approach, the percentage in each classficationin the 12 to 18
samples would be averaged to arrive at mean percentages for each classification, and the
unknowns would be included in the wildlife dlassfication. For the Four Mile Run example, this
process resulted in three source categories. wildlife (69%), humans (18%), and canine (13%)
(Table4). Thetotd load alocation isthen distributed to the source categoriesin proportion to
their BST percentage classification, and then each source is reduced by the required critical
condition percentage reduction (95%) to arrive at the find load reductions for each source
category. The cdculated loads would congtitute the TMDL.

With this method, detailed inventories of sources and land use are not required and no
knowledge of past, current, and future watershed conditions are necessary for TMDL
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development. All that isrequired is 12 to 18 water quaity samplesfor fecd bacteria
enumeration and BST andysis plus flow measurements a the time of sample collection.

Table 3. Example TMDL using the proposed Virginia CBF approach.

Sample CBF TMDL for Four Mile Run (Virginia DEQ)
Frequen Flow Allowable Actual Load :
< " &y oo Reduction needed
exceedance cfs dfux10’/day | cfux10’/day % cfux 10°/day

1 188 1840

5 61 597

10 29 284

15 18 176 3200 % 3024
20 13 127 32 0% 0
25 11 108 29 0% 0
30 9.1 89 22 0% 0
35 8 78
40 7.2 70 1400 95% 1330
45 6.5 64 15 0% 0
50 5.9 58 820 93% 762
55 54 53 13 0% 0
60 5 49 200 76% 151
65 4.6 45

70 42 41 30 0% 0
75 38 37

80 34 33 43 23% 10
85 3 29

20 23 23

95 16 16

99 1 10

Table4. CBF TMDL sourceload allocation and required reductions by source.

BST Analysis Results
(means of BST samples)

Source Percentage
Human 18%
Canine 13%
\Wildlife 69%

Raccoon’ 19%
Deer’ 6%
Waterfowl” 31%
Other" 13%

T o .
reclassified as wildlife

Source Source Actual Load| CBF TMDL Load CBF Reduction
Percentage [cfu/day] Allocation [cfu/day] Needed
IAll sources 1.40E+12 7.00E+10 95%
\Wildlife 69 9.66E+11 4.83E+10 95%
Human 18 2.52E+11 1.26E+10 95%
Canine 13 1.82E+11 9.10E+09 95%
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Advantages of the Virginiaflow duration/BST gpproach (aso known as the cheaper-better-faster
or CBF approach) asidentified by DEQ.

1. Reduced dataneeds. The only data requirements are stream flow data for the TMDL
target area; ambient water quality data during the 303(d) listing period; and concurrent
fecd coliform enumeration, BST analyd's, and stream flow measurements for pollutant
source identification and quantification. Of the data requirements, only the BST
information will have to be contracted and devel oped.

2. Many fecd coliform bacteria TMDLSs can be done "in house' with only adight increase
in gaffing. This gpproach will dlow much of the $5 million needed for contractua
services to be used for TMDL implementation.

3. Using the smpler mode will enable Virginiato develop "chegper and fagter” bacteria
TMDLs required by the consent decree schedule for years 2004 and 2006. The actua
flow frequency/BST spreadsheet andysis can be completed in a couple of days compared
to months for the more complex contracted modedling.

4. The TMDL will be based on actud in-stream measurements of flow and bacteria

5. BST has gained widespread acceptance by the public, fadilitating implementation.

6. Deveoped TMDLswill not need to consider high and low flow conditions with aless
than 1% probably of occurrence.

The only disadvantage of the CBF gpproach identified by DEQ is that the method cannot account
for the effects of the spatid digtribution of sources.

The DEQ has not indicated how TMDLs would be implemented using the information from the
flow duration/BST approach other than to indicate that the method will provide greeter flexibility
during implementation. Presumably, the required percentage reductions will be applied to dl
sources in a staged approach with sources that are presumed to be more critical reduced first
through an adaptive implementation approach.

Both the DEQ and DCR have compared the results of the flow duration/BST approach with the
results of TMDL s that were developed using the HSPF land based source assessment. The
comparisons are not directly gpplicable because they were developed for dightly different water
qudity gods. The HSPF TMDLswere developed for a 30-day geometric mean standard of 200
cfw/100mL, while the CBF BST TMDL s were developed for an instantaneous daily standard of
1000 cfu/200ml. Thereductionsin feca coliform loadings required for each type of TMDL are
presented in Table 5. Asindicated in Table 5, the CBF gpproach generdly requires much greeater
loading reductions (gpproximately an order of magnitude) than the HSPF approach.

Table5. Comparison of required reductionsin fecal coliform loadings.

Blackwater River Segment HSPF TMDL CBFTMDL Ratio of CBF/HSPF
Reduction Reduction Reduction
cfu/day cfu/day
South Fork 4.82E+11 4.84E+12 10.04
North Fork 7.28E+11 8.55E+12 11.74
Upper 1.07E+12 1.92E+13 17.94
Middle 2.02E+12 1.15E+13 5.69
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With the above information as background, the AAC will try to address the DEQ'’ s questions
related to the proposed BST/flow duration or CBF approach.

CBF 1. —Isthe BST/flow duration approach a suitable (defensible and approvable) method
for fecal coliform TMDL development?

The BST/flow duration approach has been used to develop EPA approved TMDLSs in Kansas for
severd pollutants. It would seem very gppropriate for use with atrazine and similar pollutants,
which only have asingle source. However, Kansas is experiencing problems with the flow
duration approach as they begin to implement TMDL s because the process does not collect any
information on the sources of pollutants within the watersheds. Thusit is difficult to target
pollution control resources to areas that are disproportionately responsble for the problem. Itis
therefore difficult for them to prioritize implementation activities and target their implementation
resources to areas having the greatest impacts on water qudity.

Since the generd flow duration gpproach has resulted in gpprovable TMDLs in Kansas, we must
assumethat a least the loading portion of the proposed Virginia BST/flow duration approach
would be approvable. The only difference with the Kansas gpproach is that DEQ has proposed
to use BST with TMDLSs to bresk the required source reductions down to the species level or
generd categories such as humans, livestock, pets, and wildlife. There are two possible
problems with this gpproach. The mgor problem is the uncertainty associated with the BST
gpproach, which was discussed previoudy. Thisuncertainty is goparent in the DEQ andysis of
BST samples collected as part of the Blackwater River TMDLS, which is shown in Table 6.

Table6. BST estimated fecal coliform sourcesfor the Blackwater River TMDLs
(based on 14 BST samplesin each subwater shed).

Blackwater Human Livestock Wildlife
River

Watersheds % Std Dev % Std Dev % Std Dev
South Fork 24.0 16.8 48.5 24.3 27.7 15.6
North Fork 22.3 25.8 42.3 26.4 35.4 23.4
Upper 24.0 21.4 48.6 25.2 27.4 15.9
Middle 29.8 27.2 48.0 25.8 22.2 18.2

Asshown in Table 6, thereis avery high degree of uncertainty in the BST results asindicated by
the high standard deviations for sources in each watershed. On average, the standard deviations
are 91, 55, and 66% of the mean vadues for the human, livestock and wildlife categories,
respectively. It thus does not seem gppropriate to use the mean classification percentage for a
source with the critical load period. With the large standard deviations reported, this method
could result in large overestimations or underestimations of |oads attributed to that source. If one
has confidence in the accuracy of BST, it might make more sense to use the BST dassification
percentages obtained on the critica |oading condition sampling day rather than the mean BST
classification percentage during al flow conditions.

Another critica issue with this gpproach is the adequacy of basing the TMDL on only 12 to 18
water quality samples and flows. Thereis no guarantee one will collect samples during the
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critical flow conditions. In the DEQ example, the Four Mile Run TMDL is based on 11 samples
collected during periods with flows ranging from 3.4 to 18 cubic feet per second (cfs). Table 3
indicates that flows are lower than 3.4 cfs 20% of the time and that they exceed 18 cfs
goproximately 15% of thetime. Thismeans, that for this example TMDL, critica flow
conditions were likely not captured.

Another problem identified by the DEQ is that the CBF procedure gives no indication of where
the sources might be in the watershed. Thus when the implementation plan is developed, one
must still generate most of the data that would have been generated in developing aland use —
source loading based TMDL.

CBF 2. — Which isthe preferred method for fecal coliform TMDL development? The flow
duration/BST approach or the HSPF/land use approach?

If the god of the Virginla TMDL program is to meet the requirements of the consent decree and
generate gpprovable TMDLs at the least possible cogt in the shortest period of time, then the
flow duratior/yBST (CBF) procedureis probably preferred over the more detailed land used
based gpproaches. However if the god of the Virginla TMDL program is water quality
improvement, then the more detailed land use/source modeding approaches are preferred. This
conclusion is based on the following assumptions.

1. Thedetaled land use/source modeing approaches are not necessarily more accurate than
the CBF approach. However, we do know that to do the land use/source modding
properly, one must learn a great dedl about the impaired watershed including spatia and
tempord changesin potentid sources of the pollutant and pollutant transport mechanisms
in the watershed. These andyses require development teams with expertise in hydrology,
water quality, point and nonpoint source pollution control, agriculture, etc. In developing
the TMDL, the team documents this information and assembles databases that will be
useful for later TMDL implementation. In contrast, the CBF approach is not as labor
intensive, but it does not provide source information thet will be needed in developing
implementation plans.

2. The CBF method may not be cheaper or faster than the more detailed land use/source
modeling gpproachesin thelong run. TMDLs developed to date using the more detailed
approach have taken less time from start to completion than the suggested 12 to 18
months required for data collection for the CBF gpproach. In addition, thereis not much
differencein cost. Thefirg detailed land use/source modeling approach TMDLs cost
approximately $30,000 to $40,000 per TMDL, but prices have been dropping rapidly and
are now in the range of $13,000 to $15,000 per TMDL with limited BST andysis. With
estimated in-house DEQ costs per TMDL for the CBF approach of $6,000 to $9,000 for
BST andysis done and then additiond costs for required public meetings, data
collection, and spreadsheet andlysis, the cost savings are about $4,000 to $7,000 per
TMDL.

3. The above cost savings are not red because as soon as implementation begins, as
required by Virginialaw, it will be necessary to collect and andlyze dl of the land use
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and source data that would have been collected during the detailed land use/source
modding approach. Thus dallars saved during the development of the TMDL will have
to be spent during the development of the implementation plan. If theland use and
source data are not collected, it will be difficult to alocate implementation fundsin the
most codt effective manner.

4. The CBF method has not been rigoroudy evauated. We know there are significant
uncertainties associated with BST andysis, but there are dso uncertainties associated
with the minimum number of samples and flow conditions that must be monitored to
define the “critical load condition.” DEQ has suggested that 12 to 18 samples be
collected. However, there needs to be an absol ute minimum number of samples collected
and requirements for the flow conditions that will be sampled. For example, DEQ should
establish monitoring requirements that specify sampling during low frequency flow
conditions (e.g., the lowest and highest 5 to 10% of flows for example) because these are
likely to be the most important (as based on the AAC subcommittee’ s past experience).
If these flows are not monitored, then there should be a requirement to extend the
monitoring period before TMDL development. Likewise, if experience indicates that
critica conditions are seasond, then monitoring should be concentrated during the season
when critica conditions occur.

CBF 3. —How can the flow duration/BST (CBF) approach be improved?

1. Sponsor an independent study to compare the results obtained using the flow
duration/BST gpproach with those of dternative approaches for TMDL development and
implementation.

2. Determine the uncertainty associated with BST analysis and investigate what effect this
uncertainty has on the TMDL s developed.

3. If the CBF approach is used, the TMDL deve opers should collect detailed land use and
fecal source data to identify priority areas within the watershed and principa pollutant
trangport mechanisms. If thefind TMDL ruleis approved and implemented,
implementation plans will be required, and thisinformation will be essentid.

4. The CBF monitoring must be conducted during low probability of occurrence flow
events. DEQ should specify the required flow probabilities (probably 3-10%).

General Suggestion

Whileit may be difficult to judtify the flow duration/BST approach, it is not necessary to use the
land use loading/modding analysis. Another option for the DEQ to consder usesa
representative/pilot watershed approach for watersheds in which there are smilar impairments
and for which other TMDLsin amilar stuations dl call for smilar reductions. In other words,
the DEQ could develop feca coliform (or other impairments) TMDL s for some watersheds and
then extrapol ate these results to Smilar watersheds in the region.  Adaptive implementation
could then be used in stages within the impaired watershed for the same priority sources
identified during the pilot TMDLSs.
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