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Presentation Overview

 TMDL Background and Results (EPA)
* Modeling Approach (Tt)

— Nutrients

— Siltation

 TMDLs Addressing Algae Elsewhere In
the Region (Tt)

» Recent TMDL Questions (EPA & Tt)



Wissahickon TMDL Background

 EPA established nutrient and
sediment TMDLs for the Wissahickon
Creek Watershed on 10/09/03

 Wissahickon TMDL revision?



Why Was the TMDL Done?

« Results of 1997-1998 PA DEP Unassessed Waters Project
— Habitat Screening
* 95% of stations impaired

« Primary sources were urban runoff/stormwater, municipal
point sources,and low baseflow

— Chemical/Flow Sampling
« Extremely high nutrient concentrations
 Point sources contributed majority of baseflow nutrients
— Macroinvertebrate Sampling
* Moderately to severely impaired
* Results of 1998 PA DEP Periphyton Study
— Increased nutrients causes excess periphyton growth
— Benthic community impacted by excess periphyton biomass



NUtrlent Wissahickon k
Impairments D

Trewellyn Creek

W|IIow Run - East

« Sources of nutrients
identified as municipal
point source, urban
runoff/storm sewer.

Rose Valley Trib.

Pine Run

Willow Run - West

Lorraine Run

Goals:

 Reduce reoccurrence
of DO violations

* Reduce nuisance ) S Lt Segrert: Nt -

/\/ Reach File, V3
[] Wissahickon Watershed >

algal g rOWth (perl phyton) [_] County Boundaries PHILADELPHIA CO.

Data Sources:

PA DEP 2 0 2 4 Miles
U.S. EPA BASINS

MONTGOMERY CO.

Wises Mill Tnb
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Applicable Water Quality Standards

« Numeric nutrient criteria not available

* DO criteria for seasonal trout stocking (PA
Code, Title 25, 93.7)

— Feb. 15 to July 31: DO minimum daily
average of 6.0 mg/l, minimum 5.0 mg/|

— Remainder of year: minimum daily average
of 5.0 mg/l, minimum 4.0 mg/I



Results of Nutrient TMDL

Major point source WLAS during critical period:

Table 4-3. WLAs for five major dischargers m the Wissaluckon Creek watershed - Trout Stocking
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(Apnl 1/May 1 to July 31 - see Section 3)
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Table 4-3b. WLAs for all facilities dischargimg nutments to Wissahickon Creek watershed in pounds

per/day - Trout Stocking (ApnilMay] to July 31 - see Sechion 3)
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Sediment

ImQairments

Wissahickon Creek D
Trewellyn Creek

Willow Run - East

Rose Valley Trib.

« Source identified as
urban runoff/storm sewer, Wilow Run - West
habitat modification

Pine Run

Prophecy Creek

Lorraine Run

Paper Mill Run

* No water quality criteria
available for siltation N

TMDL endpoint
* Endpoint determined _ /
th r’oug h refe rence /\/ 303(d) Listed Segments: Siltation

Reach File, V3
[] Wissahickon Watershed

Data Sources:
PA DEP 2 0 2 4 Miles
U.S. EPA BASINS

Creshiem Creek

Monoshone Creek

watershed approach




Results of Sediment TMDL
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Extensive Public Participation Effort

* Numerous public meetings conducted
throughout all stages of TMDL process.

* Multiple draft documents shared with the
public for review and input.

* Public was encouraged to participate in data
collection efforts and to review the proposed
TMDL methodology upfront.

* Public provided unique opportunity to suggest
model updates and modeling scenarios.



Modeling Approach

2 different approaches for nutrients
and sediment

—Nutrients

* Receiving water model

» Steady-state (low flow) conditions
—Siltation

* \Watershed model

» Reference approach



Modeling Approach

« WASP model
« Configured for nutrients, periphyton, and DO

* Full calibration of all components, including
periphyton biomass

 TMDL analysis:

— TMDL endpoint based on in-stream DO criteria for Trout
Stocking (TS) and Warm Water Fishes (WWF)

— Over 50 scenarios analyzed different nutrient reduction
scenarios and their impact on periphyton and DO

— Scenarios led to conclusion that BOD and periphyton were
both key contributors to DO

— WLAs developed for NH3-N, NO3+NO2-N, ortho PO4-P,
and CBOD5



Modeling Approach

Low-flow WASP
(Water Quality Analysis Simulation Program)

Steady-state model for simulation of critical conditions (low flow)
— EFDC hydrodynamic model
— Modified version of WASP to simulate periphyton growth processes
Processes linking nutrients and DO
— Periphyton growth processes
— Considered additional impacts on DO due to BOD and SOD

Nonpoint sources on a case-by-case basis (e.g., golf courses,
sediments behind dams)

— Results of summer 2002 water quality monitoring showed little impact from
nonpoint sources

Point sources



Changes to Modeling System

In response to public comments and concerns,
the following modifications were made to the
modeling framework

Periphyton Routine

— Spatial variation of temperature and impacts on
periphyton
— Spatial variation of solar radiation and impacts on
periphyton
— Spatial variation of substrate availability and impacts on
periphyton
Diurnal DO simulation (growth of phytoplankton
and periphyton only during daylight)

User-defined reaeration formula



Data Supporting Modeling Effort

 Point Source Data

« Streamflow Data
— USGS Stations
— PADEP 2002 measurements
« Streamflow estimates
« Time of travel dye study

« 2002 Instream Water Quality Data

— Potential non-point sources

— Impacts of low level dams

— Upstream/downstream/effluent sampling
— Intermediate station sampling

— Diurnal DO



Model Extent

Extent includes portions
of all 303(d) listed
waters, major point
sources, and positions
of water quality
monitoring stations

North Wales WWTP,

\

Upper Gywnedd WWTP

Ambler WWTP:

Lorraine Run

Trewellyn Creek

Upper Dublin WWTP

Pine Run

Sandy Run

Abington WWTP

e Major Dischargers
e 2002 PA DEP Stations
Model Segments
/\/ Reach File, V3

[_] Wissahickon Watershed

Data Sources: H
Data So 2 0 2 4 Miles
U.S. EPA BASINS ——



Model Testing/Calibration

 Hydrodynamic model (EFDC)
— PA DEP summer 2002 time-of-travel study
— PA DEP 2002 temperature data

« Water quality model (WASP)

— PA DEP summer 2002 in-stream water quality data
« DO
« Nutrients (NH4-N, NO2/NO3-N,PO4-P)

— 1998 periphyton data



Nutrients
DO Calibration
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Nutrients
Periphyton Biomass Comparison

Perlphyton ‘ ¢ Model result — — Suney Data
Comparison -

* 1998 periphyton 0
biomass data

» Relative distribution
of biomass assumed
consistent for
summer 2002

300 -

Periphyton (mg/m 2 Chla)
~
/
/
/7




TMDL Development

Model Configuration of Critical Conditions

* Modeling system configured to critical conditions
— 7Q10 background flows
— Discharge design flows

« TMDL endpoint based on in-stream DO criteria for Trout
Stocking (TS) and Warm Water Fishes (WWF)

* QOver 50 scenarios analyzed different nutrient reduction
scenarios and their impact on periphyton and DO

* WLASs developed for NH3-N, NO3+NO2-N, ortho PO4-P,
and CBODS



Nutrients
DO - Comparison to WQ Standards

Wissahickon Creek

Daily Min - - - - Daily Ave Criterion - - - - Daily Min Criterion Daily Max

Daily Ave

DO(mg/L)
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Modeling Approach

Reference Watershed Approach
 No numeric instream criteria for siltation in PA

+ Reference watershed used to set endpoints for TMDL
development

— Reference watershed is an unimpaired stream with similar
characteristics as Wissahickon Creek

— Objective is to reduce the loading rate of sediment in the impaired
stream segment to a level equivalent to or slightly lower than the
loading rate in the unimpaired reference stream

 AVGWLF model developed for both the Wissahickon
Creek and reference watersheds for comparison of
siltation loads
— Overland load from storm runoff
— Streambank erosion



Reference Watershed Selection

« Goal: Identify similar, unimpaired watersheds to be used to
develop siltation TMDL endpoints.

« Data used:
Ecoregion coverages  Land use distribution
Topography Watershed size
Soils Point source inventory
Surface Geology

 Initial reference station list based on RBP assessment and
ecoregion location. Areas within an Ecoregion share the same
habitat features (i.e. topography, vegetation, climate)



Reference
Watershed —

Ironworks Creek

Bucks

County IRONWORKS
CREEK
Montgomery
County
(('\\\65 \
WISSAHICKON Philadelphia
CREEK County
5
% County Boundaries N
Streams reaches
|:| Wissahickon \ E
|:| Ironworks Creek
S

0 6 12 Miles




Comparison of
Wissahickon Creek to
lronworks Creek

Good match between
most categories that
Impact siltation

— Landuse is key

— Soils and ecoregion
also critical

— Point sources are
insignificant loads

Wissahickon Ironworks
Stream Creek Creek
Watershed Type Impaired Watershed Reference Watershed
Watershed Size (acres) 40,928 11 ,1 14
Geologic Province Piedmont Piedmont
Sandstone/ Metamorphic- Sandstone/

Dominant Rock Types

Igneous/ Shale/
Carbonate

Metamorphic-lgneous

Dominant Soils

C&B

C&B

Triassic Lowlands
Piedmont Uplands
Piedmont Limestone

Triassic Lowlands
Piedmont Uplands

Ecoregions Dolomite Lowlands

Percent Slope of

Watershed 0.25% 0.63%
Point Sources 14 0
Percent Urban 43% 44%
Percent Forested 40% 31%
Landuse Types: % Landuse % Landuse
Low Intensity Development 34.10% 39.80%
High Intensity Development 8.50% 4.20%
Hay/Pasture 7.10% 11.70%
Cropland 8.90% 10.90%
Conifer Forest 2.40% 1.80%
Mixed Forest 10.20% 10.30%
Deciduous Forest 28.00% 19.60%
Quarry 0.30% 0.00%
Coal Mine 0.02% 0.00%
Transitional 0.40% 0.10%




Hydrology Calibration

5
8

* Monthly
hydrology
calibration
performed on
both the
Wissahickon
and reference
watersheds
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Water Quality Calibration

« Calibration less of issue due to empirical aspect of model

« “Validation” of model using water quality data at mouth of
Wissahickon Creek (USGS gage 01474000 & WQINO0115)

 Validation limited due to limited water quality data for storm
flows
* Monthly sediment loads validated

600 -

Yield (Mg/mo)




Siltation
TMDL cCalculation

971218 1045-AC

. ‘ g71217-1430-ACE

971217-1145-ACE

o WissahiCkon Cl’eek 931015-1100-AC
watershed was divided
into subwatersheds for
each 303(d) listed
stream segment a7 1916134540

912171 ACE

9712161415 ACE

. I71215-1303-ACE
S 971215-1300-ACE

. TMDLS were 971222 1130-AC
calculated for each
stream segment 9712220830 AC

871215 1133- ACE
871209-0830- AC

« TMDL components:

— LAs to upstream
loads

— WLAs to dischargers
and stormwater
permits (MS4S) §71208-1235-AC

— 10% margin of safety

971215 1000- AC g71215-1130- ACE

9712111200 ACE

971208-1000-AC 971208 1200- ACE

971209-1430-AC
97120& 1430- ACE




MS4 Permits

MS4s require WLASs

WLASs were calculated
for each municipality
(MS4)

WLASs include:

— Overland load from
runoff

— Streambank
erosion

I
WARMINSTER

MONTGOMERY
LANSD

NOR'@LE \.

LUPPER GWYNEDD

‘\
% UPPER DUBLIN
JRRITON ?

ABINGTC
/ JEN WN
ASTOW &
LS CHELTENHAM

GEPZR

ION
PHILADELPHIA

Data Sources:

PA DEP

U.S. EPA BASINS
LOWER MERION PASDA
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Allocation of
Streambank Erosion

Streambank erosion
determined for each model
subwatershed using
empirical method in
AVGWLF

WLAs distributed among
MS4s

— Distributed based on
total area of each MS4
within each
subwatershed

— WLASs reported for each
impaired stream
segment

[ Municipal Boundaries
Reach File, W3
Wissahickon Wyatershed

Model Subwatersheds

e

Data Sources:
PA DEP {
U.S EPABASING




Other TMDLs Addressing Algae in
the Region

* Other TMDLs developed to address
excessive algae growth

* Wissahickon was developed to address

nutrient impairment — DO was selected as
TMDL endpoint

* Modeling approach slightly different for the
TMDLs

« Comparison of Wissahickon and Skippack
nutrient TMDLs follows...



Skippack Approach

QUALZ2K
Configured for nutrients, periphyton, and DO

No calibration against observed periphyton biomass
TMDL focused on TP reduction

— dynamic linkage between phosphorus and periphyton was
not used for scenario analysis and TMDL determination

— 0.24 mg/L TP target - assumed appropriate level for
depressing periphyton growth

— model predicted periphyton above the threshold of nuisance
periphyton for TMDL allocation (periphyton chlorophyll-a 50
mg/m2 to 100 mg/m2, PA State report)



Modeling Coefficients

 Differences
— CBOD
— Nitrification
— Denitrifcation
— Hydrolysis rate for organic phosphorus
« Similarities
— Phytoplankton growth and respiration rates
— Hydrolysis rate for organic nitrogen

» Differences in Periphyton Representation



Periphyton Coefficients

* Periphyton growth rates for the two models
cannot be compared because different
formulations are used.

* For the Skippack Model, the half saturation
coefficients for N and P were set to 250 ug
N/L and 50 ug P/L, respectively.

 In the Wissahickon Model, the half saturation
coefficient for P was set to 5.0 ug/L (based on
range of 1.0 to 5.0 ug/L in Thomann &
Mueller)



Periphyton Sensitivity Runs for
Wissahickon Model

« Ran model with half saturation coefficient (for
P) of 125 ug/L instead of 5 ug/L
— Periphyton more sensitive to reductions in P

— Makes it more difficult to achieve the daily average
DO critieria

— Daily minimum DO criteria can be readily met
* Ran model with periphyton off
— No diurnal DO fluctuation

— Daily average DO criteria is not met at all locations
— CBOD and SOD still impacting DO



Periphyton Off

DO(mg/L)

Wissahickon Creek

Daily Ave

Daily Min - - - - Daily Ave Criterion - - - - Daily Min Criterion

Daily Max
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Summary

 Wissahickon Model

— addresses nutrient-DO-periphyton relationships
— was calibrated for nutrients, DO, and periphyton

— TMDL was developed for DO criteria (and explicitly
considers periphyton and nutrient limitations)

» Skippack Model

— did not focus on DO impact
— was not calibrated for periphyton

— periphyton simulation was not used to guide TMDL
development; only addressed TP concentration for TMDL

— difference in model parameter coefficients



