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Suraa Fahim Abbas

grounded in validated field data from 50 strategically
distributed groundwater wells, applying the Nitrate Scenario
that accurately reflects the region's complex hydrogeological
characteristics and intensive agricultural practices .Results
reveal a pronounced spatial heterogeneity in nitrate
contamination vulnerability classes, with the study area
stratified into five distinct categories ranging from very low
to very high susceptibility. High vulnerability zones (5.3%)
are concentrated in the northwestern portions proximal to
contamination sources (Mosul Dam Lake and Tigris River),
while low vulnerability areas (69.75%) dominate zones with
greater aquifer depths and impermeable geological
formations. Advanced sensitivity analysis (SPSA and
MRSA) demonstrates that groundwater depth (parameter S)
constitutes the most critical factor (23.38% impact) in
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determining aquifer responsiveness to nitrate infiltration,
followed by topography and surface slope (S%) (18.40%),
underscoring the determinant role of shallow water tables
and gentle terrain in accelerating nitrate leaching.
Conversely, heavy clay soils provide a robust natural
protective barrier (—13.43% effect), effectively attenuating
pollutant transport. The study substantiates that SINTACS
model-—when applied with scenario-specific nitrate
parameters—generates reliable, high-resolution
vulnerability maps enabling direct support for proactive
protection measures, strategic environmental planning, and
sustainable agricultural management, thereby safeguarding
water security and preserving groundwater quality in the
region.
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