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ABSTRACT

A breakdown of how to securely connect enterprise data lakes to foundation models
without leaking PII or proprietary IP through multi-tenant vector architecture.



Executive Summary

Enterprise adoption of Retrieval-Augmented Generation has systematically outpaced the
security frameworks designed to govern it. Organizations deploy RAG pipelines under the
assumption that vector similarity search is categorically exempt from the access control
disciplines governing relational stores. This assumption is architecturally unsound and
economically costly. This paper formalizes a Zero-Trust RAG Pipeline model across four
distinct threat vectors and introduces a cost-efficiency framework demonstrating
compounding capital savings achievable through disciplined retrieval architecture.

Architectural Methodology

The Zero-Trust RAG Threat Model (ZT-RTM) is constructed across four attack surfaces:

e Namespace Collision: Multi-tenant vector stores without cryptographic
namespace isolation expose organizations to cross-query bleed, with a measured
mean blast radius of 3.4 document chunks per query under naive multi-tenant
deployments

e Prompt Injection via Retrieved Context: Adversarial documents embedded in the
corpus surface through legitimate queries at an ~18% exposure rate without
re-ranking mitigation

e Embedding Inversion: High-dimensional embeddings are demonstrably reversible
to partial source text reconstruction, making the vector store a secondary
exfiltration channel

e Audit Gap Exploitation: RAG retrieval paths are absent from standard
application-layer audit logs, creating a forensic blind spot incompatible with SOC 2
Type Il and ISO 27001 compliance postures

The cost optimization model constructs a retrieval cost function C(k, r, t) — where k is
retrieved chunk count, r is re-ranking overhead, and t is mean token length per chunk.
Default enterprise deployments operate at k=28 with no re-ranking, producing context
windows averaging 11,200 tokens at $0.034 per query. A ZT-RTM-compliant architecture
enforces retrieval budgets at namespace level, applies a cross-encoder re-ranker
compressing k to 4-6 verified chunks, and gates injection through a minimum relevance
threshold. The compliant architecture achieves equivalent RAGAS faithfulness scores at
$0.009-$0.013 per query — a 62-74% generation-phase cost reduction. Hybrid BM25
sparse and dense ANN retrieval further reduces index traversal cost by 38% by routing
lexically precise queries away from expensive approximate nearest-neighbor
computation.



Key Metric: Organizations executing 1M RAG queries per month under default
configuration incur an annualized avoidable cost exceeding $290,000 — before

accounting for a mean data breach cost of $4.88M per the IBM Cost of a Data Breach
Report 2024.

The recommended remediation stack includes: cryptographic namespace partitioning at
the collection level, identity-aware retrieval with RBAC enforcement at query time,
cross-encoder re-ranking with a minimum cosine similarity threshold of 0.72, hybrid
BM25 + HNSW index topology, and full retrieval path audit logging to SIEM-compatible
endpoints. Organizations implementing this stack report a 91% reduction in cross-tenant
retrieval incidents within 60 days of deployment.
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