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Building a truly sustainable, climate-resilient water resource requires shifting away from old-
school, single-purpose engineering (like simply damming a river) and moving toward an
integrated, systems-level approach. If we are to design a model framework from scratch, the
strategy must balance advanced storage physics, aggressive structural conservation, and a
complete overhaul of legal and ecological priorities.

Here is how those cores components are structured to build a resilient water system:

1.

Subsurface Storage, Alluvial Physics & Hydrological Interconnection: Traditional
surface reservoirs suffer from massive evaporation losses, disrupt critical river
ecosystems, and are highly vulnerable to seasonal climate shifts. The modern priority
must be subsurface storage.

Managed Aquifer Recharge (MAR): Instead of letting seasonal high flows or stormwater
runoff wash away, excess surface water is directed into dedicated infiltration basins,
existing unlined agricultural canals, or injection wells. When water filters through the soll
profile, it recharges the shallow and regional aquifers and stores vast volumes
underground without evaporation loss.

Recharge Lag Time and Residence Rates: Effective MAR relies on modeling the specific
hydraulic conductivity and transmissivity of the local alluvial fan. Infiltration basins are
situated so that subsurface residence and travel times create a multi-month lag, allowing
water introduced during high winter and spring runoff to physically re-emerge at the
river reach weeks or months later.

Stream-Aquifer Coupling: Ground and surface waters must be managed as a single,
unified pool. By maintaining high-water table elevations and upward vertical hydraulic
gradients via managed recharge, you preserve the pressure heads that feed streams
during dry, low-flow late summer months. This sustains baseflows, lowers water
temperatures, prevents seawater intrusion along coastal bluffs, and protects critical
salmonid spawning reaches and estuaries.

Conjunctive Reservoir Operations: Pairing MAR with storage assets like off-channel
reservoirs optimizes basin water budgets. An off-channel reservoir captures peak
winter surface flows without obstructing the river channel, serving as a buffer to feed
both gravity irrigation networks and managed infiltration zones while leaving critical
summer stream reaches intact.

Structural Conservation & Closed-Loop Recycling: Conservation cannot just be an
appeal to voluntary behavior; it must be embedded directly into regional infrastructure
so efficiency occurs automatically.

Decentralized Capture & Rainwater Harvesting: Capturing water at the source—via high-
capacity residential cisterns and commercial/industrial catchment systems—significantly
reduces distribution pumping energy and offsets peak summer domestic withdrawals
from shallow drinking water aquifers.



e Industrial & Municipal Reclaimed Water Loops: Treating municipal wastewater and
agricultural return flows to class-A standards allows continuous closed-loop reuse for
irrigation, industrial cooling, and non-potable demands, largely preventing treated
effluent from being wasted via marine outfalls.

3. Reallocation of Priorities (Data-Driven Governance): Most water stress stems
from outdated legal and administrative frameworks rather than purely hydrological
limitations.

e Instream Flow Protection: Instream ecological health cannot be treated as a secondary
residual right. Minimum flow thresholds must be legally protected to sustain wetlands,
estuaries, and river corridors.

e Dynamic, Telemetry-Based Water Rights: Traditional water rights allocate fixed
volumetric diversions regardless of current basin conditions. A climate-resilient
framework ties diversions directly to real-time telemetry: shallow and deep monitoring
well networks, automated stream gauges, and snowpack snow-water-equivalent
recession modeling. When real-time sensors indicate dry conditions or premature
snowmelt, diversion schedules automatically scale back, distributing the conservation
burden equitably across all basin stakeholders.

The Blueprint: True sustainability means mimicking natural geology. Capture water when it is
abundant, buffer it underground where it is protected from evaporative loss, cycle it through
closed infrastructural loops, and protect the foundational ecosystems that recharge and
sustain the resource.



