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An Assessment of Dissolved Oxygen Criteria
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Curve representative of an acceptable 
level of Oxygen

Test curve for a particular deep 
water segment

Building Block #1
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Red area = unallowable exceedance

Building Block #1



More Impact, Do More
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Nitrogen Phase 6 Phosphorus

Dissolved Oxygen effect per pound of nutrient 
released in the watershed

Building Block #2
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Increasing relationship between 
Relative Effectiveness and Effort

Effectiveness
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Guidelines for 2010 Allocation and 2017 Planning Targets

Building Block #2
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Building Block #2
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4.5 mg/l

8 mg/l

Wastewater Loads

Building Block #2



8

20 percent slope

Non-WW loads

+ adjustments to WV and NY loads

Intercept wherever it 
needed to be for acceptable 
water quality

Building Block #2



Putting the two building blocks together
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• Find point where climate change 
effects are counteracted

5 point scenario
+ climate change

10 point scenario
+ climate change

15 point scenario
+ climate change

20 point scenario
+ climate change

Planning Targets
+ climate change

Goal

Less 
protective

Too 
protective

A little Less 
protective



Climate Change Effect on Main Bay DWDC
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Planning target loads 
1990s climate 

305 million cubic meters of Exceedance

6.49% * 2126mcm

1.00% * 2097mcm

5.09% * 2854mcm



Climate Change Effect on Main Bay DWDC
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2025
375 million cubic meters of Exceedance



1990s climate 

Climate Change Effect on Main Bay DWDC
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305 million cubic meters

2025 climate 375 million cubic meters

2025 5pt reduction 277 million cubic meters



1990s climate 

Climate Change Effect on Main Bay DWDC
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305 million cubic meters

2025 climate 375 million cubic meters

2025 3.6pt reduction 305 million cubic meters



1990s climate 

Climate Change Effect on Main Bay OWDWDC
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341 million cubic meters

2025 climate 549 million cubic meters

2025 8.5pt reduction 341 million cubic meters



Numbers have changed since February

• WQGIT wanted to maintain variances - needed to transpose climate 
model violation rates to 2017 model violations rates

• No effect on reduction amounts except where variances were threatened
• Red percent and volumes changed

• February numbers had incorrect lower volumes for CB6 and CB7 
Open Water.

• Higher volumes increasing the volume-balanced reduction needs when 
including CB6 and CB7

• Additional WQGIT options
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Climate allocation options

• Open Water
• Ignore Open Water
• Lump OW in with other segments
• Separate allocations and then 

reconcile
• WWTP responsibility

• Only non-WWTP sources
• Include WWTP

• Variances
• Assume variances can change
• Keep variances the same
• Meet variances and load balance

• Relative impact Conowingo
• 1995 level as used in TMDL/2017
• Current status

• Relative impact segments
• Always use TMDL/2017 segments
• Use the group of segments being 

protected
• Watershed loads first

• Take out jurisdiction loads first
• Do not consider jurisdiction loads
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These don’t matter!
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Everything moves up the same amount 
regardless of where you are



Climate allocation options
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1990s climate 

2035 DWDC lower load to meet CB4 DW
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305 million cubic meters

2025 6.8pt reduction 305 million cubic meters

2025 7.4pt reduction 294 million cubic meters

CB4 DW Variance Level
CB4 DC Variance Level



Climate allocation options

• Open Water
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Watershed Loads First

• Ran WQSTM run to show 
reduced non-attainment for 
jurisdiction reductions equal 
to the climate load increase

• Allocated remaining effect
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Climate allocation options
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Open water is important!

• The OW criteria are based on living resource needs for striped bass 
and other important species

• There is a huge amount of open water (2/3 of the Bay)
• It’s the part of the bay that humans interact with
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Open water is likely affected by climate change
• Climate change is decreasing the saturation concentration of oxygen
• Open water is more often saturated or super saturated so it will be 

decreased by a lowering of the saturation level
• Deep water and Deep Channel rarely approach saturation, so 

lowering of the saturation concentration may have less of an effect
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CB6 and CB7 are less sensitive to reductions
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2025 climate and reduction effort applied



Open Water violation rates in large CBSEGs
• Most areas do not reach violation, even by 2055
• CB6 and CB7 are much more effected
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Why are CB6 and CB7 acting so differently?

• 2003 Technical 
Support 
Document
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https://www.chesapeakebay.net/content/publications/cbp_13218.pdf



Why DW in the northern parts only?

• “The deep-water designated use, 
therefore, extends below the sill in 
these two segments.”

• “The delineation of the boundary was 
determined by examining maps of 
contemporary dissolved oxygen 
concentration distributions and the 
anecdotal historical dissolved oxygen 
concentration data record.”
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https://www.chesapeakebay.net/content/publications/cbp_13218.pdf



Current Map

• CB6 boundary was moved south
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2004 Addendum to TSD
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https://www.chesapeakebay.net/content
/publications/cbp_13270.pdf

4160

4130

Moved southern boundary
Chosen as:
- Near the end of the natural channel
- The point where non-attainment goes 
under 1% in the 2003 Cap Load allocations



Are there violations above the pycnocline in 
CB6 and CB7?

• There are no violations in the surface mixed layer at 2035 at WIP implementation.  
• The violation is in the deeper ocean-influence water.
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Open Water Thoughts

• Open water is an important use for living resources
• Open water may be more affected by temperature due to 

concentrations closer to saturation
• The partnership may not want to drive allocations with CB6 and CB7 

open water
• Relatively insensitive to load reductions
• No other Mainstem Open Water violations through 2055

• Other large rivers mostly have no violations through 2055
• Strong dependence on the appropriate delineation between ‘Open Water 

over Deep Water’ and ‘Open Water to the bottom’
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Nitrogen Total Reductions
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Nitrogen Total Reductions
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• Open Water is a big lift
• 2035 increases effort substantially
• Including WWTP increases necessary reductions
• Watershed loads first are a little lower for N
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Nitrogen Total Reductions
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Phosphorus Total Reductions
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• Open Water is a big lift
• 2035 increases effort substantially
• Including WWTP increases necessary reductions
• Watershed loads first is a larger reduction for P



Phosphorus Total Reductions
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• Open Water is a big lift
• 2035 increases effort substantially
• Including WWTP increases necessary reductions
• Watershed loads first is a larger reduction for P



Phosphorus Total Reductions
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Phosphorus Total Reductions
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Phosphorus Total Reductions
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Nitrogen DWDC Reductions
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• Watershed loads first vs allocation
• Most jurisdictions have big changes

• Including WWTP increases DC, MD, VA effort
• 2035 increases effort substantially for everyone



Phosphorus DWDC Reductions
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• Watershed loads first vs allocation
• Most jurisdictions have big changes

• Including WWTP increases DC, MD, VA effort
• 2035 increases effort substantially for everyone



Summary – allocation options ready

• Include CB6 and CB7 Open Water?
• Include responsibility for WWTP loads?
• Reduce watershed loads first and allocate the rest?
• 2025 or 2035?
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Variance and load balance
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Original values from runsDW

DC



Variance and load balance
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