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Recommended Actions

* We propose new work to extract more information
from water quality standards attainment assessment,
including exploration of concepts such as “percent to
attainment” and “beyond capacity.”

* QOur focus is to provide complementary information
to the existing water quality standards attainment
indicator (not to replace it).

e We will work with the communications team on
products development.

 We seek for WQGIT approval to proceed with the
planned work and WQGIT input on work priority,
scope, and schedule. ’



Outline

g

L/

L/

* Current Attainment |

-

-t

: 7 o 1 sy e,
- ;’.*."‘or—u -
¥ ;-J'-'O-.-.‘:L'/Z‘ *T Yoy~ -
i U —_-‘_‘,.. b - \“



Water Quality Criteria

Dissolved Oxygen

TABLE 1. Chesapeake Bay Water Quality Criteria (from USEPA, 2003a).

Designated Use

Criteria ConcentrationDuration

Protection Provided

Temporal Application

Migratory fish spawning
and nursery use

Shallow water bay

grass use
Open water fish and

ghellfish use'

Deep water seasonal
fish and shellfish use

Deep-channel seasonal
refuge use

Seven-day mean =6 mg/l (tidal
habitats with 0-0.5 salinity)

Instantaneous minimum =5 mg'1

Survival/growth of larvaljuvenile
tidal-fresh resident fish; protective
of threatened/endangered species

Survival and growth of larval/juvenile
migratory fish; protective of
threatened/endangered species

Open water fish and shellfish designated use criteria apply
Open water fish and shellfish designated criteria apply

30-day mean =5.5 mg/1 (tidal habitats

with =0.5 salinity)

30-day mean =5 mgl (tidal habitats
with »0.5 salinity)

Seven-day mean =4 mg/l
Instantansous minimum =3.2 mgl

30-day mean =3 mgl
One-day mean =2.3 mg/l

Instantaneous minimum =1.7 mgl

Growth of tidal-fresh juvenile and
adult fish; protective of threatened/
endangered species

Growth of larval, juvenile, and adult
fish and shellfish; protective of
threatened/endangered species

Survival of open water fish larvas

Survival of threatened/endangered
sturgeon sp-ac:iesl

Survival and recruitment of bay
anchovy eggs and larvae

Survival of open water juvenile and
adult fish

Survival of bay anchovy eggs and
larvae

Open water fish and shellfish designated use criteria apply

Instantansous minimum =1 mgl

Survival of bottom-dwelling worms
and clams

Open water fish and shellfish designated use criteria apply

February 1-May 31

June 1-January 31
Year-round

Year-round

June 1-September 30

October 1-May 31
June 1-September 30

October 1-May 31

'At temperatures considered stressful to shortnose sturgeon (Acipenser brevirostrum) (>29°C) dissolved oxygen concentrations above an
instantaneous minimum of 4.3 mgd will protect survival of this list sturgeon species.
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Source: Tango and Batiuk (2013)



Water Quality Criteria

Water Clarity/SAV

TABLE 2. Options for Measuring Attainment of the Chesapeake Bay Shallow Water Designated Use.

Measure of Attainment

Option

Submerged aquatic vegetation
acres only

Water clarity acres only

Integrated measure of submerged
agquatic vegetation and water
clarity acres

The single best vear of SAV acreage mapped through the bay-wide aerial survey in the past
three vears passes attainment of water clarity standards if the acreage in a management
segment is equal to or higher than the segment-specific SAV restoration goal target

If a segment does not pass its SAV acreage goal with aerial survey data, and there are
available water quality mapping data, achievement of a water clarity criteria acreage
necessary to support the SAV acreage goal can be assessed. Water clarity acres can be
assessed regardless of whether or not SAV is present. Water clarity acre goals are 2.5« the
SAV goal acres in a Chesapeake Bay management segment

A combination assessment of mapped SAV and water clarity acreage that, taken together,
meets acreage goals

Note: SAV, submerged aquatic vegetation.

TABLE 3. Chesapeake Bay Water Clarity Criteria.

Water Clarity Criteria as Seechi Depth

Water Clarity Criteria Application Depths

025 .50 0.75 1.0 1.25 1.50 1.75 2.0
Water Clarity
as Percent Light Secchi Depth (meters) for Ahove

Salinity Regime Through Water (%) Criteria Application Depths Temporal Application
Tidal fresh 13 0.2 0.4 0.5 0.7 0.9 1.1 1.2 14 April 1-October 31
Oligohaline 13 0.2 0.4 0.5 0.7 0.4 1.1 1.2 14 April 1-October 31
Mesohaline 22 0.2 0.5 0.7 1.0 1.2 1.4 1.7 14 April 1-October 31
Polyhaline 22 0.2 0.5 0.7 1.0 1.2 1.4 1.7 14 March 1-May 31,

September 1-November 30

5
Source: Tango and Batiuk (2013)



Water Quality Criteria

Chlorophyll-a (recommended)

TABLE 5. Chesapeake Bay Chlorophyll a Derivations Toward Numerical Criteria (summarized from USEPA, 2007b).

Method Season Salinity Zone Criteria Application
Historical Spring OH 18 90th percentile of a log normal
reference DO MH 8 distribution
PH 4
Summer OH 46 90th percentile of a log normal
MH 23 distribution
PH 5
DO impairment Annual TF-OH-MH-FPH 10-15 Mean, deep water
30 Mean, shallow water
Water clarity SAV prowing TF-OH 43, 11, N/A Seasonal means for restoration
reference condition season MH-FPH 39, 16, 3 targets of clarity are 0.5-, 1.0-, and 2.0-m
depths, respectively
HAB impairment Summer TF-OH 275 90th percentile of a log normal distribution

Note: TF, tidal fresh; OH, oligohaline; MH, mesohaline; PH, polyhaline; DO, dissolved oxygen; SAV, submerged aguatic vegetation; HAB,

harmful algal bloom.

6
Source: Tango and Batiuk (2013)



Water Quality Criteria

Full Assessment

FULL Water Quality Standards Attainment Assessment for Chesapeake Bay Dissolved Oxygen, Water Clarity and Chlorophyll

o
Bay Attainment Segments? Designated Uses? Criteria Season Thresholds
7-day mean
1 Feb-May _|: Instantaneous minimum
— Segment )
—Z—Segment — Migratory DO? TF= 30 day mean; OH-PH 30 day mean
June-Jan —E 7-day mean
I Instantaneous minimum
| —TF=30 ?igy mean; OH-PH 30 day mean
DO Yearround ————7-day mean
| — Open Water . —Instantaneous minimum
| Ch|a4'5_|:5pr|ng TF,,=10 TF,,=15 OH=15 MH=12 PH=12
Summer TF,,=15 TF,,=23 OH=22 MH=10 PH=10; DC = 25
30 day mean
45
Bay —Segment — June-Sept —E 1-day mean
. 465egment Deep Water — DO — Instantaneous minimum
alnmen TF= 30 day mean; OH-PH 30 day mean
Att t | 47 Segment L— Oct-May —E 7-day mean
| Instantaneous minimum
I — June-Sept Instantaneous minimum
l — Deep Channel DO — TF= 30 day mean; OH-PH 30 day mean
| — Oct-May —E 7-day mean
| Instantaneous minimum
I DO Yea rround Dependent upon Open Water attainment assessment
! — Shallow water
Water —SAV season Segment-specific water clarity/bay grasses acreage goals
91 ¢ ooment Bay grasses Clarity/SAV )
—Q-Z-Segment
1. There are 92 Chesapeake Bay segments (USEPA 2008)
2. Designated uses are segment specific. Not all designated uses apply to each Chesapeake Bay segment
3. DO =dissolved oxygen. Thresholds are listed in USEPA 2003, Executive summary, Table 1,
4, Salinity zone-specific thresholds on the James River, VA: TF,=Tidal Fresh upper segment, TF=Tidal Fresh lower segment, OH=0ligohaline, MH=Mesohaline,
p

PH=Polyhaline. DC= Washington District of Columbia.
5. The James River chlorophyll a criteria are assessed for attainment of a geometric mean measure of the water quality.



Water Quality Criteria

Indicator Assessment

INDICATOR Water Quality Standards Attainment Assessment for Chesapeake Bay DO, Water Clarity and Chlorophyll a

Bay Attainment Segments? Designated Uses? Criteria Season Thresholds

™~

o

30-day mean®
Feb-May —|:
5

1
— Segment
3 _ .
|~ Segment Migratory
: TF= 30 day mean; OH-PH 30 day mean
DO June-Sept —E
| L — Open Water —[ .
| chl a314_|:5prmg TF,,=10 TF,,=15 OH=15 MH=12 PH=12
Summer TF,,=15 TF,,=23 OH=22 MH=10 PH=10; DC = 25
45 —— 30day mean
Bay e oegment —June-Sept ——
Attai ¢ 47Segment Deep Water — DO — —
alinmen —Segment | .
I  ——
| — June-Sept ———— Instantaneous minimum
| — Deep Channel —— DO —] _
| _— —
I -
| DO June-Sept Dependent upon Open Water attainment assessment
' — Shallow water W
ater —SAV season Segment-specific water clarity/bay grasses acreage
91 Bay grasses Clarity/SAV goals
—Q-Z-Segm ent

—-Se(%ment

There are 92 Chesapeake Bay segments (USEPA 2008)

Designated uses are segment specific. Not all designated uses apply to each Chesapeake Bay segment.

Salinity zone-specific thresholds on the James River, VA: TF ,=Tidal Fresh upper segment, TF,,=Tidal Fresh lower segment, OH=0ligohaline, MH=Mesohaline, PH=Polyhaline. DC=
Washington District of Columbia.

The James River chlorophyll a criteria are assessed for attainment of a geometric mean measure of the water quality.

Gray text are elements of the full water quality standards attainment not included in the indicator calculations.

USEPA (2003) does not have a 30-day mean Feb-May DO threshold. The decision for the indicator used a 30-day mean of 6 mg/l as Feb-May DO threshold, same as the 7-day mean.
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Water Quality Criteria Assessment

Bi-weekly to Monthly
observations

Monthly interpolations

Surface DO (mg/L)
. <3

Combine interpolations
for a specific season,
over 3-year period
(DO, Chl-a, clarity)

Surtace DO imgiL)

Ca
B 5.4
4

Percent of Time

Construct CFD

CFD Curve

Reference Curve

Area of Critenna
Exceedance

Area of Allowable
Criteria Exceedance

1]

10 20 30 40 50 &0 70 80 90 100

Percent of Space

L

Yes/no each
segment in
this 3-year
period
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Water Quality Criteria Attainment Indicator

Single combined indicator
A Bay-wide fractional attainment

A. Cross-Section of Chesapeake Bay or Tidal Tributary

. . Shallow-Water
indicator computed on a surface- By Grass Use Open Water

. . Deep-w_ater Fish and Shellfish Use
area basis for all designated uses Seasonal Fish and

Shelifish Use Deep-Channel

Seasonal Refuge Use

* Equal weight of the three criteria
for each segment

* Surface area-weighting
(considering relative size)

Number of
Criteria Designated Use Threshold Applicable
Segments

e Migratory Fish Spawning 30-day mean, 73

B. Oblique View of the Chesapeake Bay and its Tidal Tributaries

Migratory Fish
Spawning and
Nursery Use

Bay Grass Use '

Open-Water

& Nursery (MSN) February-May Fish and Shalffish Use
Open Water (OW) 30-day mean, June- 92
September
Deep Water (DW) 30-day mean, June- 18
September
Deep Channel (DC) Instantaneous, June- 10
September ]
Open Water (OW) Chlorophyll-a 7 Somo Pt an S A s
yll-a concentrations Shellfish Use
SAV and Shallow Water (SW) Segment-specific 79
or Water water clarity and bay (91/104
Clarity grass acreage goals split)

11



Water Quality Criteria Attainment Indicator

The attainment indicator presently uses a subset of the criteria otherwise
necessary for a complete accounting of the three WQ criteria categories.

1. DO Criterion

* Assumption: the attainment of the 30-day mean dissolved oxygen criterion can
serve as an “umbrella” assessment to the remaining criteria applicable.

* Migratory Fish and Spawning Nursery: applied the 6 mg/L 7-day mean DO
criterion as if it were a 30-day mean to represent protections.

* Open-Water: 5 mg/L 30-day mean DO criteria.

* Deep-Water: 3 mg/L 30-day mean DO criteria.

* Deep-Channel: 1 mg/L instantaneous minimum DO criteria.

2. Shallow-Water SAV Criterion

When water clarity assessment data are available, the shallow-water bay grasses
designated use is considered in attainment if:

1. sufficient acres of SAV are observed within the segment; and/or

2. enough acres of shallow-water habitat meet the applicable water clarity

criteria to support restoration of the desired SAV acreage for that segment.
12




Water Quality Criteria Attainment Indicator

3. Chlorophyll criterion

* Applied to the open-water designated use for:

* James River segments: Criteria attainment assessed during spring
(Mar1-May31) and summer (Jun1-Sep30) seasons; both seasons must
be meeting the standards for the segment to be in attainment.

e District of Columbia’s Upper Potomac River and Anacostia River

segments: Criteria attainment only assessed during the summer
(Jun1-Sep30) season.

1+2+3. Single combined indicator
 Summarized for every applicable designated use and criteria
contained within each of the 92 segments.
* A Bay-wide fractional attainment indicator:
* Equal weight of the three criteria for each segment
* Surface area-weighting (considering segments’ relative size)

13



Water Quality Criteria Attainment Indicator

Chesapeake Bay Waters Meeting Water Quality Goals ~
. . . for the Shallow Water Bay G Designated U
Area-Weighted Fraction of Bay In Attainment ishetenait &m

A Watershed Partnership

for Each 3-year Period

¢
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Water Quality Standards Attainment (%)

Attainment Status
I Faitea
I Passed
Not Applicable
Data ; @
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Single 3-year Period Pass/Fail : g e ma TR
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Water Quality Criteria Attainment Indicator

By Designated Use

Attainment by Designated Use 1985-2013

=T otal oW —OW-CHLA —DW DC —MSN —SW /Bay Grasses

o |~ N . _
0.70 / \ <\ /\
0.60 / ~ ~ \ / ASEX \’

Fraction of DU Attaining
(Area-Weighted)

~/
0.50
0.40 - / A A
0.30 =

0-10 M B
0.00 ) i

3-Year Period
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Percent to Attainment

If not at attainment, is it getting closer?

* Single Segment Attainment
* |s criteria met? Yes/No Segment X Open Water DO

e EitherOor1l

Years Attainment Percent to

* Single Segment Percent to Attainment

Attainment (or “Deficit”) 1985-1987 Y 0
* Status: How close is the segment to ~ 1986-1988 v 0
attainment? 1987-1989 Y 0
* Percent to attainment = 100% — 1988-1990 v 0
percent segment out of attainment 1989-1991 Y 0
* For DO and Chlorophyll DUs, this is 1990-1992 Y 0
both spatial and temporal (CFD 1991-1993 Y 0

Curves) 1992-1994 N -2.94

e SW base:'d on acreage goal 1993-1995 N .9.03

* Trend: are individual segments 1994-1996 N -9.04

etting closer to or farther away
rom attainment?

* Previous work led by Mindy Ehrich

17



Percent to Attainment

If not at attainment, is it getting closer?

Segment JMSPH (Mouth of James River)
Chl-a summer and spring attainment deficits from 1985-2014
Spring improved while summer got worse

NN NN N DY D D P o

IR IR I S S SN S R P P P
0%
-10%
-20%
-30%
-40%
-50%
_60%

Attainment Deficit

-710%

-80% e e e e SUMMeEr

s Spring

-90%

-100%
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Percent to Attainment

Categorization for Dissolved Oxygen

How close to attainment is the segment?
T o e e
95-100%: near attainment

} 80-95%: out of attainment
0.80

0.60

0.40 — 0-80%: far from attainment

Classification scheme
Not scientifically driven; merely a
tool to better visualize attainment
0.00 I status and spatial patterns

0.20
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Percent to Attainment

Deep Water DO 2011-2013

L . .
egend For binary attainment
Attainment
At/Near Attainment non-green = red
[ 95-100% N
80-95%
O <s0% ’ A Status (2011-2013) Trend (1985-2013)
Signficant Trends
¥ Decrease b Category Count Category Count
A Increase ~100% 4 Significant T 0
95-100% 2 Significant {, 1
80-95% 10
<80% 2

g Most Deep Channel segments have
not been near attainment over the
time series.

The Lower Bay is doing well.

g Mid Bay is not doing well, and
the Lower Potomac River has

/ Draft been degrading.

0 10 20 40 Miles
1 1 T N T |

20




Outline




Beyond Capacity

If at attainment, how much resilience does it have?

e Single Segment Attainment
* |s criteria met? Yes/No

e FitherOor1 PAXTF Open Water DO
Years Attainment Percentto Beyond
° S|ng|e Segment Percent to Attainment Attainment
Attainment 1985-1987 Y 0 +?
1986-1988 Y 0 +?
_ _ 1987-1989 Y 0 +?
* Single Segment Beyond Capacity  19g83.1990 Y 0 +?
* Status: How much buffer does 1989-1991 Y 0 +?
the segment have? :
. . 1990-1992 Y 0 +?
* Manipulating the thresholds (e.g.,
DO criteria) to test the 1991-1993 Y 0 +?
“resilience” of the segments with 1992-1994 N -2.94 -2.94
respect to a specific criterion N 9.03 9.03
¢ What is the max DO threshold for 1993-1995 o e
a segment to be classified as at 1994-1996 N -9.04 -9.04

attainment?

* Trend: are individual segments
becoming more resilient or not?

22
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If at attainment, how much resilience does it have?

Two Hypothetical Segments

m DO, SegmentA mDO, Segment B

DO Criterion

8.0

7.0
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If at attainment, how much resilience does it have?

Two Hypothetical Segments

m DO, SegmentA mDO, Segment B

Information Loss
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If at attainment, how much resilience does it have?
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Two Real Segments
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WICMH: Wicomico River

SASOH: Sassafras River
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Reflections

e The indicator has rules for overcoming the lack of full
information on short-term criteria required for declaring a
segment’s full status.

* We can show the raw accounting compared to data that are
missing, if the true attainment measure is wanted.

o The “attainment deficit” and “beyond attainment” quantification
provides new information on water quality conditions and
trends —- potentially useful for guiding decision making
through more targeted allocations of resources.

« 2 “failed” segments can be different in terms of “severity”.

o 2 “passed” segments can be different in terms of “resiliency”
(and our confidence/certainty in the attainment status).

27
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Proposed Next Steps

Priority? Timeline? Workplan? Communication?

Quantify status and trends in (binary) attainment, attainment
deficit, and potentially beyond capacity.

Visualize spatial patterns in attainment and attainment deficit.
Evaluate segment behaviors by groups (salinity, rivers, etc).
Explore “beyond capacity” through computer code adjustment.

Incorporate new assessment protocols for handling short-
duration criterion (pending STAC response to new addendum).

Compare attainment results with findings from trend analysis
of station-based data (e.g., GAMs) and insights from the
Chesapeake Bay Modeling System.

Link results to watershed factors (perhaps on tributary basis).

Explore volume-based indicators (e.g., hypoxic volume).



