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Conventional wisdom: salt intrusion increases with SLR
* Especially for high SLR
 Some uncertainty in small to medium SLR
* Linear or nonlinear response? Shallows?

Other factors that influence salt intrusion

* Future hydrology: likely more hydrologic extremes (Rice et

al., USGS 2017)

* Land use: agriculture runoff, desalination discharge likely T

* Groundwater intrusion: T under SLR; hot spots in

groundwater 2> wetland impact

This talk will focus on SLR impact on salinity, particularly in

shallows
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THE FUTURE OF RIVER FLOW INTO CHESAPEAKE BAY

Climate change will make river flows more variable—wetter extremes, drier lows, RIVERS WILL BE FLASHIER
and bigger impacts on ecosystems and water quality. Future flow pattern compared to historical
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More variable flows—not just more or less—
are the biggest challenge.

Timing matters: large storm pulses are
harder for ecosystems to absorb.

Smarter land & water management can

Susquehanna-dominated northern More sediment More nutrients Salinity swings Ecosystem stress reduce impacts and build resilience.

section contributes ~69% of inflow. Turbid water, habitat Worse algal blooms Stress on oysters, Affects fish, habitat,
smothering and low-oxygen zones crabs, and seagrass and food webs

LOOKING AHEAD :» By mid-century, expect flashier rivers, stronger storms, "’,‘\;) Restore streams

N Protect forests Reduce pollution / -,o\' Plan together for
drier summers, and bigger swings from year to year. \\ ‘Q and wetlands \'\_~// and floodplains

at the source \ "/ achanging future

Sources: USGS (2017), NOAA GFDL (2018), Du et al. (2026), Interstate Commission on the Potomac River Basin (2025), USGS (2025)

Phase 7 MBM processes do not yet incorporate:

» Difference sources/species of salinity
* Salinity impact on pH and other geochemical processes
* But flexible for extension

Boon, 2015



* Complexity of tributaries and sub- tributaries network in Chesapeake Bay
* Varying hydrodynamics, sediment sources, & vegetation communities
* Freshwater usage (agriculture, drinking water)

Phase 7 Models £
| * MBM was developed at the recommendation of a community workshop
‘ in 2018
* Unprecedented details in shallows
- . [ Watershed * Extended ocean domain to facilitate climate change simulation
| Modelng | { o NIBM is the first CBP estuarine model based on unstructured-grid model
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e Reconstructed saltwater intrusion in the Bay using ML, trained on SCHISM results

* Trend varies with season

e Coming C.C. may produce a different response?
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Larger increase happens on the bottom of shallow water tributaries.

Averaged (1991-1995) Bottom Salinity Difference (PSU)
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* San Francisco Bay-Delta: in Central and North Delta, the main salinity sources come from a mixture

of ocean and ag runoff
e South Delta: dynamic balances between San Joaquin flow and local sources S8,
* Net Sink determines tidally averaged circulation
» Local sources of salinity (“in-Delta”) are large and be trapped in convergent null zones (up to 3PSU!)
* Island subsidence and levee failure are main causes for salinity intrusion in Delta

While water with zero salinity is ideal, practical standards allow for some dissolved
minerals. The World Health Organization (WHO) recommends a TDS level of less than
500 mg/L (ppm) for drinking water, as higher levels can affect taste and may pose
health concerns. Water with TDS above 1,000 mg/L is generally considered unsuitable
for consumption...

Figure 1-1 Schematic of the water budget for a Delta Island
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Caveat #2: flash flood

* In many urbanized areas, the runoff is very ‘flashy’

* This has significant impact on local salinity variability

* Conversely, storm events can also bring ocean salinity into tidal creeks occasionally

* Has WQ implication

« WSM may need to add these; or we could use SCHISM to look into compound flooding...
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Patapsco River

See the Green line with local inflow from USGS gauge (the Blue line is for No local inflow)
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Depth (m)

Dissolved Oxygen Difference (g/m?3) Mostly good news for hypoxia
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« We are developing Phase 7 MBM to address system-wide challenges in Chesapeake Bay hydrodynamic and
water quality processes

 Unprecedented details are being revealed in productive shallows as well as their connection to remote
forcings in coastal ocean, under climate change

* Flexibility and high resolution of MBM allows us to
* Explore cross-scale responses to various forcings (SLR, C.C., land use ...)

* Incorporate new geochemical processes related to salinity, vegetation ...

* We used MBM to study the impacts of sea level rise on salinity intrusion and lower Bay hypoxia under the
scenarios of +0.17m, +0.5m and +1m

o Sealevel rise generally causes larger salt intrusion into mainstem

o Responses in tribs and shallows are nonlinear

o Challenges identified for watershed model in ag salinity sources and urbanized areas (flash flood)
o Temperature response is beneficial for hypoxia

 Besides SLR, other forcings (ag runoff, hydrological regime shift etc) are also important for salinity intrusion
in climate change predictions

* Scenario simulations and review start next year



Supplementary slides
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CALIFORNIA DEPARTMENT OF WATER
RESOURCES

Salinity Issues and Management in the

San Francisco Bay-Delta and California
NSF Workshop, October 2025

Eli Ateljevich, PE, PhD, Modeling Support Office
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Covers 738,000 acres,

Th€ D €lta: 3 55,000 acres of which is water

Includes over
1,100 miles of levees

Provides recreation to
12 million users

Largest estuary on the west coast - supporting
maijority of state's commercial salmon fisheries

Conveys water to support California’s
$3.4 trillion economy (world’s 5 largest)

Provides drinking water for over
27 million people
(two-thirds of the State’s population)

Acknowledgement: CA DWR Operations and

Maintenance Division




Figure 1-1 Schematic of the water budget for a Delta Island
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Delta Freshwater Corridor

* Dispersive mixing in channels/junctions and
trapping

* Local sources of salinity in Central Delta with
impact dependent on outflow and exports.

* Source and sink an O(1) contributor to outflow
and contribute to landward trapping of estuarine

highs.
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A tale of two bays: Chesapeake Bay vs San Francisco Bay-Delta

Like CB, Bay-Delta system has heavy ag

presence

Estuarine Axis

*  Weak /Partial Stratification
* Net source/sink flow modulates outflow,
O(1) contributor in summer

* Sacramento

San Francisco Bay - Delta

Waterways

IE 50 km EI

Pacific
Ocean

San Francisca

B

State and Federal Pumps
* State Water Project (SWP)
* Central Valley Project
¢ Combined Capacity: ~15,000cfs / 425cms

* Municipal standards and entrainment shutdown

* Serves >30+ million ag/municipal users




Delta Islands & Subsidence
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Surface/Bottom salinity difference
between the SLR cases and base run



Nonlinear responses of saltwater intrusion to the SLR

Lower Rappahannock River Lower Chester River
+17 cm +50 cm +100 cm +17 cm , , . +50 cm

3795 —F 37951 — 1 37.951 ‘ ‘ ‘ ‘ '
surface surface surface S ce W ce
37.9 1 L3791 - 37.94 39.1 1 L 39.11 L 39.1
37.85 L 37.851 - 37.85 1
39.05 | L 39.05 1 L 39.05
37.8 L 3781 - 37.81 Q
37.75 1 r 37.754 r 37.751 39 - L 39 - L 39
37.7 1 P 377 - 377 p D
_— I— — 38.95 ] - 38.95 z - 3895

+100 cm

3761 r378] [ 3761 38.9 | L 3891 L 389
37.55 1 L 37.55 1 L 37551
o
3751 Q — Q I 38.85 | - 3a.&5-< L 38.85
765 764 763 -76.2 765 764 7163 -76.2 765 764 -763  -76.2 7625 762 -76.15 -76.1 -76.05 7625 762 -76.15 -76.1 -76.05 7625 762 -76.15 -76.1 -76.05
PSU3
37.95 1 ‘ b 37.95 ' 37.95 A
bottom bottom
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2
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37.65 | L 37.65 1 L 3765
-1
37.61 I 3767 [ 3761 38.9 38.9 1 38.9
37.55 1 L 37.55 1 L 37551 2
2
375 ] Y — Q I— 35.85-\ L 3885 \ 38.85
T T T T T T T T T T T -3 T T T T T T T T T T T T T
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