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INTRODUCTION METHODS: MODEL

QUESTIONS

METHODS: DATA

  Urban estuaries like Newport Bay receive point source freshwater 
    discharge (and associated pollutants) from upstream rivers

  Along-bay pollutant concentrations & coastal loads are a function of 
 estuarine physics & non-conservative processes like growth/decay

  In estuaries with dispersive physical dynamics, resistor theory may   
    provide a simple framework for modeling conservative pollutants

  Many pollutants of concern (including fecal indicator bacteria; FIB)   
    may be “functionally” conservative over estuarine residence times

 Is physical dilution/mixing in Newport Bay dominated by dispersive or 
   advective processes (eg. can estuaries be modeled as resistors)?

 Are FIB conservative tracers like salt?

  Salinity & FIB were measured 
along 10 dry weather transects

  Each transect had 8 sites (Fig. 1)
    - 2 freshwater; SAD, SDC
    - 6 along-bay; BTO sites 

  BTO sites were sampled across-
shore (3x) & with depth (2x; Fig. 2)

  Salinity data were expressed as   
 freshwater fraction (FWF)  
    - 0 = saline, 1 = fresh 

DISPERSION DOMINATES TRANSPORT

COLIFORMS ARE LIKE SALT
 Models are from mass balance theory
   - tidally averaged & steady state

 M1: advection, dispersion, & cross-  
   sectional dilution contribute to  
   transport (Eq1) 

M2: only dispersion & cross-sectional   
dilution matter (Eq2)

 Models were parametrized using    
   freshwater fraction data (Fig. 4)

 The “best” model was selected based 
on parsimony & model-data fits

   - Q1: estuaries = resistors?

 The “best” model was used to predict 
FIB.  Output was compared to data.

   - Q2: FIB are like salt?
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Eq2: MODEL 2
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Q : volumetric flow
A : cross sectional area
l : mixing length scale
K 0 : dispersion ] Fig. 7: Total Coliform data & Model 2 output 

for 10th, 50th, and 90th percentile TC loadings

Fig. 8: Spatial distributions of coliform data 
(top) & Model 2 outputs for 10th, 50th, & 90th 
% TC loads.  Black dashed line: boundary 
between upper & lower bay.  Red dashed 
line: max extent of the 1000 MPN/100 ml 
contour (EPA geometric mean standard).

 Model 2 captures the 
decline in coliform conc.

 Data medians fall within 
10 & 90% model bounds

 Data spread far exceeds 
model bounds 

 Model 2 (50% load) & data 
have the same down-bay 
extent of the 103 MPN/100 
ml TC contour; 3.9 km

 Model 2 predicts that TC 
contamination is confined 
to a < 5 km stretch of 
upper bay (see 90% load)

Fig. 4: (Right) Fit of Model 1 to freshwater fraction transect data 
(9/25/06).  Estimates of the free parameters Pe & l are shown. 
Parameter averages (all transects) were used for FIB prediction. 

 

Fig. 5: ( Left) Freshwater fraction data & model predictions.  Rho 
squared, a nonparametric R2 equivalent, is reported.
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 38% of FWF     
  variance was 1D   
  (along-channel; Fig3)

 2, along-channel 
  mixing models were  
  developed 

Fig. 1: (Above) Newport Bay map

Fig. 2: (Right) Sampling design 
schematic. Color is freshwater fraction
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Fig. 3: (Below) Freshwater fraction 
variability plots showing patterns along-
channel, across-channel, & with depth
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



  Both models capture a large fraction of data 
    variability (> 60%; Fig. 5)

  Residual advection (M1) did not improve fits

  Dispersion dominates the transport of   
   conservative tracers (freshwater) in the bay 

IMPLICATIONS: NEWPORT BAY AS A RESISTOR

 Resistor theory assumptions are met:
  - advection << dispersion, steady state, no 
     sources or sinks, & 1D mixing

 Concentrations of any conservative 
pollutant can be approximated from input 
loads & mass transfer resistance 

 Provides a conceptual framework for 
evaluating mixing; processes in series or 
parallel (Fig. 6) 

Fig. 6: (Right) Newport Bay resistor schematic (Hypothetical).  
Mixing processes in series (R2 & R3 ) & parallel (R1 & R4).





 Simple, 1D, physical models can capture a significant fraction of 
   freshwater variability in Newport Bay

 Dispersive processes dominate transport suggesting that conservative 
   tracers (like freshwater) can be modeled using resistor theory

 Total coliforms behave like salt.  This implies that some FIB are 
   “functionally conservative” from a modeling perspective

 Passive tracer modeling of Newport Bay coliforms suggests that 
   coliform plumes are limited to upper bay during dry weather flows

This project was partially funded by the Proposition 13 Non-point Source Pollution Control Grant Agreement 
between the Ca State Water Resources Control Board & the County of Orange (Agreement # 04-198-558-1), the 
National Science Foundation's Partnerships In Research and Education (PIRE) program, & the NSF Office of 
Cyberinfrastructure (Grant #OCI-074806).  Many thanks to those involved in experiment design/analysis (S. Jiang, 
B. Sanders, J. Ahn,  L. Ho, K. Mclaughlin, R. Litton, D. Moore) and sample collection (W. Chu, A. Pednedar, Y, 
Jeong, V. Thulsiraj).  We also thank our technical advisory board; L. Candelaria, A. Carr, J. Habben, L. Gonzales, K. 
Cowen, R. Stein, D. Kiff, T. Rossmiller, C. Crompton, J. Peng, R. Hiemstra, J. Skinner, C. McGee, L. Honeybourne, 
M. Mazur, L. Brennler, D. Ferguson, J. Guzman, M. Geitrich, S. Brodeur, & J. Stoddard.    


	Slide 1

