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National Estuary

Program
Success: EPA/DEP have adopted dozens of watershed TMDLS for MA estuaries, and action has
begun to meet those targets.

Atmospheric
N

Setback: Process took too long: management action was dela 6_\]

Lessons learned: This talk focusses on how the model behav
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Massachusetts Estuaries Project: a Mass DEP / UMass Dartmouth partnership

CAPE COD TIMES

Voters fail to pull plug on Hyannis sewer plan

$60 million treatment plan on Chatham agenda

Lead developer of the MEP model: Dr. Brian Howes, UMass Dartmouth.

Model defines loading limits for coastal watersheds to support healthy ecosystems
Started in 2001 (and is still ongoing) to characterize nitrogen loading 89 estuary systems
Typical cost $75K-$150K/system or more)

Outcome: the cost of compliance: $4 To 8 billion to meet sewering costs around Buzzards Bay and
Cape Cod (Debates: sewering versus alternative onsite systems; bioremediation, other mitigation)
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Orleans sewers may run to $189 million

By Susan Milton
STAFF WRITER
May 17, 2008

ORLEANS — The estimate to put sewers in about half of Orleans
ranges from $133 million to $189 million, according to preliminary
estimates.

“We were thinking in the $150 million range because our neighbor
the south, Chatham, is sewering the whole town for $300 million ar
George Meservey said.




Massachusetts Estuary Project TMDL approach is complex

See reviews at:
http://www.capecodcommission.org/resources/waterresources/MEP Panel Report 12302011.pdf
http://www.town.orleans.ma.us/sites/orleansmalfiles/file/file/whqg-final-report.pdf

Linked Watershed-Embayment Management Modelling Approach

Watershed Hydrologic Model

«  watershed delineation and transport time

Watershed Nitrogen Loading Model
. land use, point sources, septic systems, water use records,
attenuation factors

Hydrodynamic Model (RMA-2)

«  flushing and circulation

Water Quality Model (RMA-4)
e TN essentially a conservative element

Embayment-specific watershed loading limits
« TN threshold targets at sentinel stations

» To protect or restore eelgrass beds and or benthic animals (hypoxia)



http://www.capecodcommission.org/resources/waterresources/MEP_Panel_Report_12302011.pdf
http://www.town.orleans.ma.us/sites/orleansma/files/file/file/whg-final-report.pdf

Sentinel stations and selected target threshold concentrations vary

* Most of the TMDLSs proposed by the MEP are based on trying to restore eelgrass (0.34 to 0.48 ppm TN)
+ Some thresholds set to protect benthic habitat, incl. from hypoxia (>0.5to 1.0 ppm TN)
« Thresholds and locations of sentinel may be selected to achieve TN in an adjacent area

Thresholds and
locations coincident
with eelgrass
restoration

(0.34 vs 0.47 ppm)




How it really works (but not in this order)

1) A total nitrogen concentration is selected at a - 296 ‘1’ 35
sentinel station

The sentinel station is selected in an upper portion
of the estuary and located so that allows for
targeting of specific conditions in that part of the T
estuary or adjacent areas

0.44410.464

2) Watershed loading is adjusted in the model to
reduce TN at the sentinel station

T

o .35

0.482/0.437

Modeled concentrations!
Summertime concentrations!

West Falmouth Harbor existing eelgrass and sentinel station

MEP watershed reduction = 56%
30-Sec Actual % W red= -67%

"reference system" approach based on best professional judgment

one of the most important decisions, but seldom evaluated critically o



A simple solution equation approximates the MEP watershed load reductions,
nicknamed here the 30-second TMDL

« The equation is derived from simple solution equations V,C, + V,C, = V,C,
* Independent of your watershed loading model

« Only requires a good water quality database with total nitrogen

For your sentinel station:
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For most systems that require management action, Atmospheric + Benthic flux loadings are often
small compared to Watershed loading.

The % reduction of the MEP model is largely defined by the
boundary and threshold targets selected 6



Boundary Concentrations used in MEP TMDL models

1) Based on empirical observations.

2) The 30-second TMDL equation illustrates how the choice of boundary concentration can have a profound effect
on the recommended load reductions, especially when the difference between the TN concentration at the sentinel
station and boundary is smaII
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Why does a simple dilution equation work?

a) b)

River L1 Estuary  simple Systems

(simple geometry with most
loading at head of the estuary)

L1
(S a%%%gﬂg :concentration: ég
A halve the loading = 20
|
S cb
d)
L1 Estuary

Complex geometry systems
V1 L2 (unequal flows, areas, or
changing load scenarios)

( Systems studied mostly FW/prism <0.10

o \/ Cib 8



Sentinel TN (mg ) Sentinel TN (mg 1Y)

Sentinel TN (mg 1Y)

30 Second TMDL versus MEP model for Falmouth Inner Harbor ("S|mple" system)
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Z: y=0029x+ 0,291 Boundary = 0.28 ppm TN
. o Threshold present (m) = 0.5541 (actual =0.561)
e Threshold target = 0.5001 (scaled= 0.505)
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Sentinel TN (mg I'Y)

Sentinel TN (mg %)

Real World 30 Second for Falmouth Inner Harbor ("simple" system)
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Falmouth Inner Harbor B

MEP Wred=-24% 30-Second % W red=-21%

MEP SeptRed= -31% 30-Sec SeptRed= -27%

=0=30-second TMDL target and model y= 0.032x+ 0.310

2 -
-B- MEP TMDL target and model R*=1.000
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Model W + A Loading (Kg d'1)

Falmouth Inner Harbor B

MEP Wred= -24% 30-Sec Actual % W red=-21%
MEP SeptRed=-31% 30-SecActual Sept Red=-30%

1730 Sec Threshold from Actual y =0.032x+ 0.310
-m- MEP TMDL target and model R*=1.000
0 2 4 6 8 10

Model W+A Loading (Kg d1)

Boundary = 0.28 ppm TN
Threshold present (m) = 0.5541 (actual =0.561)
Threshold target = 0.5001 (scaled= 0.505)
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The sentinel station is not a magical point, all stations conform to a simple

dilution equation. -
: ‘ 20 - =
g = -
= o
oo i
E 15 /0 =%
= e I
— , =
5 ”/ ’_//’ - LA
% 1.0 - = s aees
g ) /" /’._/” /"_--_ e ,.—-"—'.A
o B e = oD
Cas — S w8 i
8. T —a—— e
20 ———a——— g
;ssg 4 -
T P B
0.0 ~ :
75 125 175 225
Model W + A Loading (Kg d-1)
¢ SRT-3 ® SRT-4 4 SRTS
A SRT-6 ® SRI-7 e SRT-10
A SRT-11 ¢ SRT-12 e SRT-13
25
= Slocums River y=1.5746x-0.1587
S 5,9 R?=0.9999
= b _
= e
[+ 4] -
E 1.5 >
E '.__,/
L J
g 1.0 ¢ /.-/:
: 2 -
Buildout TN vs Present TN 5 ,. o®
= -
-
A 0.0 0.5 1.0 15 20
A

Station TN Conc (ppm) at Present Loading



Model Benthic Regeneration (Kgd™)

Model Benthic Regeneration (Kgd™)

MEP benthic flux similarly scaled,
but benthic flux assumptions may not be borne out in the real world
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The MEP model assumes continuing
negative or positive trends depending
upon. There appears to be no support
for the continuing negative trend with
loading in the scientific literature.

I. VALIELA ET AL.

Mean NH, flux = 92.6

200+

100+

NH4 flux (umoles m -2 h -1)
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Annual flux scaled from July and
August measurements 12



Benthic flux acts like a randomizer that can make the relationship between TN and

loading unpredictable when loading changes in one segment that has negative flux.
Quisett Harbor Wareham River Westport Rivers

=R ) W
- 3

Benthic Flux
mg N m*-2 d*-1
B 262107
[ -106--12
[ ]41-12
[ 13-230
B ez1-597




The 30-second TMDL does not match the MEP model where benthic

flux accounts of a large portion of loading TMDL: Nantucket Harbor
30 second TMDL 5% W+A+B reduction vs -36.7% recommended by MEP
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All embayments: 30-second TMDL vs MEP
(at the whole system level)
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You can do better on complex systems if management action is planned
for one sub area by considering only subwatershed loading changes
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My 30-Second TMDL Peconic Bay
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Peconic Estuary Eelgrass Dls(rlbution
Historic vs. Current Extent _ *except benthic regeneration
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My 30-Second TMDL for Onset Bay
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Boundary= 0.28
Existing Sent= 0.455
Target= 0.31

Load Reduction= 83% (WA)

Existing eelgrass 17



Application: TMDL “margin of safety” to accommodate climate change

Changes in precipitation and temperature is raising TN separate from watershed loading.

For Buzzards Bay, during the past 20 years there was an observed 1.4AC increase in water
temperature and increased intensity of storms during spring.

This appears to have driven up TN somewhere between 1-3 uM increase (0.04 ppm), separate
from changes in watershed loading. Some embayments do not show these patterns; some
embayments show the effects more strongly.

Sentinel station target concentrations could be reduced to accommodate a margin of safety.

e.g. Threshold would be 0.46 instead of 0.50 ppm TN to accommodate climate change

Difference between Target and Present TN
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Big Picture and Conclusions

Give the 30-second TMDL a try

The 30-second TMDL is a first cut approximation of watershed loading needed to meeta TN
based water quality model, not a replacement for more sophisticated analyses. It may have
utility for other parameters where there is a strong linear link loading.

Understand the chosen model

There are many model and approaches out there. Most models and approaches can be picked
apart. The most important consideration in evaluating how the threshold defined, and whether
the watershed loading model adequately characterizes all nitrogen sources.

Don’t stand there, do something

Don’t waste a lot of time arguing about models; everyone can agree there is a problem when
seagrasses disappear, or dead fish wash ashore. Sewering large watersheds can take
decades and will be undertaken in phases. There will be many opportunities for course
corrections and development of improved models. Repeat the “adaptive management” mantra.
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