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Abstract 
Commercial-scale marine data centres have crossed from prototype into operation faster than 
regulatory frameworks have adapted. As of April 2026, China operates the world's first commercial 
underwater facility off Hainan Island (24 MW target, 675 PFLOPS after Phase 2) [1, 2], has completed the 
world's first wind-powered submerged data centre at Shanghai Lingang [3], and is planning a 500 MW 
follow-on cluster. Japan's MOL-Kinetics-Hitachi consortium has begun feasibility for floating vessels of 
20–73 MW [4]. Nautilus Data operates a 6.5 MW barge in Stockton [5], while France's Denv-R runs a 200 
kW closed-loop floating unit in Nantes [6]. On the US West Coast, NetworkOcean's proposed 
deployment in San Francisco Bay drew advisory intervention from the Bay Conservation and 
Development Commission and Regional Water Quality Control Board [7], and a 51 MW tidal-powered 
underwater compute facility has filed with FERC in Eastport, Maine [8]. This paper argues that ocean-
deployed AI compute infrastructure presents a tightly coupled triple governance failure: an ecological 
knowledge gap in which no peer-reviewed environmental impact assessment exists for any commercial-
scale deployment; a regulatory vacuum across domestic and international law in which existing 
frameworks designed for power plants and ships do not cleanly classify sealed compute capsules; and an 
AI-safety arbitrage dimension in which offshore platforms can evade the compute-based regulatory 
thresholds emerging in the EU AI Act (10²⁵ FLOP) [9] and California's Transparency in Frontier Artificial 
Intelligence Act (10²⁶ FLOP) [10]. Two landmark international legal developments in 2024–2025 reshape 
the analysis. The International Tribunal for the Law of the Sea, in its 21 May 2024 Advisory Opinion, held 
that thermal energy discharges fall within the UNCLOS Article 1(1)(4) definition of pollution [11]; the 
International Court of Justice, on 23 July 2025, unanimously held that customary-law duties to prevent 
climate-related marine harm bind all states regardless of treaty membership [12]; and the BBNJ 
Agreement entered into force on 17 January 2026, creating a two-stage EIA architecture under Article 
30 whose lower threshold, "more than a minor or transitory effect" or "effects that are unknown or 
poorly understood", is triggered twice over by offshore AI compute [13]. Grounding the analysis in a 
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West Coast case study spanning San Francisco Bay, the Salish Sea, and the British Columbia coast, we 
show that the combination of the 0.3 °C incremental limit under EPA Region 10 guidance [14], the ±1 °C 
CCME marine standard [15], and Pacific salmonid thermal stress thresholds as low as 2–3 °C leaves 
effectively no thermal margin for commercial-scale ocean compute. We conclude with a concrete 
roadmap: three international moves (BBNJ Article 38 standards for AI compute, an IMO MEPC 
workstream on non-ship compute installations, and IACS classification harmonisation), five domestic 
moves (numerical licensing conditions, mandatory pre-deployment EIA, FPIC with Indigenous co-
managers, statutory compute reporting, and cross-agency coordination), and three arbitrage closures 
(hardware attestation, CSP-nexus know-your-customer, and classification-society flag-of-convenience 
exclusion). 

Keywords: marine data centres; AI compute governance; thermal discharge; UNCLOS; ITLOS Advisory Opinion; ICJ 
Advisory Opinion; BBNJ Agreement; Clean Water Act; Fisheries Act; Pacific salmon; Southern Resident killer whale; 
regulatory arbitrage; flag of convenience; classification society. 

  



1. Introduction 
The scaling of artificial intelligence has converted electricity and cooling water into strategic 
commodities. Global data-centre electricity consumption, which the International Energy Agency 
estimated at roughly 415 terawatt-hours in 2024, is projected to approach 945 TWh by 2030, more than 
the present annual electricity consumption of Japan [16]. Lawrence Berkeley National Laboratory 
reports that US data centres alone consumed about 4.4 % of US electricity in 2023 and could reach 6.7–
12 % by 2028, with direct water use at 66 billion litres in 2023 and projections of 38–73 billion gallons by 
2028 [17]. These figures are already straining siting pathways on land: nine of the ten largest US data-
centre concentrations sit in water-stressed counties, and hyperscale operators have begun colocating 
with nuclear, onshore wind, and dry-cooled gas generation to reduce both water draw and public 
opposition. 

The ocean has emerged as a structural release valve from these constraints. Four pathways are now 
active. First, China has operationalised commercial-scale submerged compute. A Shenzhen Hailanyun 
(HiCloud) cylindrical capsule was deployed off Lingshui, Hainan, in March 2023, with a second AI-
optimised module added in February 2025; the cluster now delivers more than 675 petaFLOPS, serves 
China Telecom, Tencent, and SenseTime, and is planned for expansion to 100 capsules over roughly 
68,000 square metres [1, 2]. The same consortium completed construction of the world's first wind-
powered underwater data centre at Shanghai Lingang in October 2025, with a 24 MW target and a 
design power usage effectiveness below 1.15 [3]. Second, floating vessel-based compute has moved 
from concept to engineering. MOL, Kinetics, and Hitachi signed memoranda of understanding through 
2025 and early 2026 for a feasibility program targeting 20–73 MW floating data centres with direct 
seawater cooling [4]. Third, hybrid submerged-renewable systems are in permitting: DeepGreen 
Western Passage filed a Federal Energy Regulatory Commission preliminary permit application in 
February 2026 for a 51 MW tidal-powered facility with 34 underwater AI compute pods off Eastport, 
Maine [8]. Fourth, smaller prototype and commercial floating and barge deployments continue in 
California (Nautilus Stockton, 6.5 MW operational [5]), France (Denv-R Nantes, 200 kW operational [6]), 
and San Francisco Bay (NetworkOcean, blocked through regulatory advisory intervention in 2024 [7]). 
Microsoft's Project Natick, the best-studied prior deployment, demonstrated eight-fold reliability 
improvements over land controls during its 2018–2020 Orkney Islands run [18] but was discontinued in 
2024. 



 

 
Figure 1. Global distribution of marine data-centre projects as of April 2026. Marker size scales with installed or proposed 

IT load. Operational submerged capacity is concentrated on the Chinese east and south coasts; floating and proposed 
facilities are distributed across North America, Europe, and East Asia. Source: compiled from refs. [1–8, 18]. 

These deployments are arriving under fragmented, inherited governance. UNCLOS, the London Protocol, 
the BBNJ Agreement, MARPOL, and the IMO's subsidiary instruments were written for ships, dumping, 
and exploitation of living and non-living resources, not for sealed capsules that passively exchange heat 
and host compute workloads [19]. Domestic frameworks, the US Clean Water Act sections 316(a) and 
316(b) [20], Canada's Fisheries Act sections 34–36 [21], Mexico's LGEEPA, the EU Marine Strategy 
Framework Directive, are built around industrial thermal dischargers whose legal classifications do not 
cleanly extend to offshore compute. At the same time, an emerging AI compute governance regime has 
coalesced around quantified training-FLOP thresholds: the EU AI Act Article 51 presumes systemic risk 
above 10²⁵ cumulative training FLOP [9]; California Senate Bill 53, the Transparency in Frontier Artificial 
Intelligence Act, takes effect 1 January 2026 with a 10²⁶ FLOP frontier-model threshold and civil 
penalties up to one million dollars per violation [10]; the Biden Executive Order 14110 was rescinded by 



Executive Orders 14148 and 14179 in January 2025 [22, 23], leaving the EU and California regimes as the 
binding numerical anchors. 

Three structural developments in international law have tightened rather than loosened the regulatory 
landscape. The International Tribunal for the Law of the Sea, in its 21 May 2024 Advisory Opinion on 
climate change and international law (Case No. 31), held unanimously at paragraph 163 that "energy" 
within the UNCLOS Article 1(1)(4) definition of pollution expressly includes heat; paragraph 179 
concluded that anthropogenic greenhouse gas emissions are pollution of the marine environment under 
that article, and paragraph 243 held that states owe a stringent due-diligence obligation to prevent, 
reduce, and control such pollution [11]. The International Court of Justice followed on 23 July 2025, 
unanimously adopting the same due-diligence standard and, critically for non-parties to UNCLOS such as 
the United States, holding that customary-law duties to prevent transboundary climate harm bind all 
states regardless of treaty membership [12]. The BBNJ Agreement then entered into force on 17 January 
2026 following its 60th ratification in September 2025, with 88 parties by the end of Preparatory 
Commission III (2 April 2026) [13]. Its Article 30 creates a two-stage EIA architecture whose screening 
trigger, activities that "may have more than a minor or transitory effect" or whose effects are "unknown 
or poorly understood", is triggered twice over by offshore AI compute. 

This paper makes four contributions. First, we provide the first comprehensive map of the marine data-
centre deployment landscape as of April 2026, distinguishing operational, permitted, and speculative 
projects (Section 2). Second, we catalogue the ecological stressors and the knowledge gaps surrounding 
them, using quantified thermal, acoustic, electromagnetic, and chemical data (Section 3). Third, we 
analyse the international and domestic regulatory architecture in light of ITLOS, ICJ, and BBNJ 
developments (Sections 4–5) and develop a quantified analysis of the AI-safety arbitrage margin (Section 
6). Fourth, we ground the analysis in a West Coast case study covering Pacific salmon, Southern Resident 
killer whales, eelgrass, and bull kelp (Section 7), then move to engineering, economic, and policy 
deliverables: thermal plume scaling (Section 8), compute-capacity quantification against regulatory 
thresholds (Section 9), capex and water footprint across deployment modes (Section 10), and a 
stakeholder-specific recommendations framework (Section 11). Section 12 concludes with the window 
and the cost of inaction. 

  



2. The deployment landscape of ocean compute infrastructure 

2.1 Typology and regulatory classification 

Four archetypes have emerged for ocean-deployed compute, each with distinct physical characteristics 
and distinct regulatory classification problems. Fully submerged sealed capsules, the HiCloud Hainan and 
Natick models, sit on the seabed in 10–40 metres of water, exchange heat passively through steel 
enclosures, and receive power and fibre through subsea cables. Floating barges and ship-based facilities, 
Nautilus, Denv-R, MOL-Kinetics, sit at the surface with seawater-cooled heat exchangers. Hybrid 
renewable-coupled installations , Shanghai Lingang (offshore wind) and DeepGreen Western Passage 
(tidal), pair submerged compute with adjacent renewable generation and subsea power transmission. A 
fourth emerging category is the seabed-anchored high-density compute pod deployed alongside other 
marine infrastructure such as offshore wind foundations. Figure 3 summarises the typology and flags the 
core regulatory classification gaps: floating platforms have a plausible but contested characterisation as 
vessels under MARPOL and IMO instruments, while submerged capsules fall into an unresolved space 
between UNCLOS Article 60 "installations" and a new "marine compute infrastructure" category whose 
legal incidents are undefined [19]. 

 
Figure 2. Typology of marine data centres along the surface-to-seabed axis, with representative projects and the primary 

regulatory classification problem each archetype raises. Floating platforms arguably fit MARPOL vessel rules; hybrid 
surface platforms exchange heat in ways that blur NPDES point-source triggers; submerged capsules face unresolved 

UNCLOS Article 60 characterisation; seabed-anchored hybrids on the continental shelf or in ABNJ engage BBNJ Article 30 
EIA obligations. 



2.2 Active and proposed projects 

The headline facilities and their verified April 2026 status are as follows. The HiCloud Hainan 
deployment off Lingshui Li Autonomous County sits at approximately 18.47° N, 110.03° E on a seabed at 
30–35 metres; its first commercial module was submerged on 31 March 2023 and a second AI-optimised 
module on 18 February 2025, each cylinder approximately 3.6 × 18 metres and 1,300 tonnes; the cluster 
currently delivers more than 675 petaFLOPS across servers hosting China Telecom, Tencent, and 
SenseTime [1, 2]. The Shanghai Lingang facility, announced in June 2025 and completed on 21 October 
2025, is located approximately 10 km offshore in the Lin-gang Special Area; Phase 1 is 2.3 MW across 
198 server racks with a design power usage effectiveness below 1.15, with Phase 2 totalling 24 MW and 
a 500 MW cluster memorandum of understanding with Shenergy, China Telecom, CCCC, and Biren 
signed in parallel; the facility draws 95–97 % of its electricity from the adjacent Shanghai offshore wind 
farm [3]. Microsoft's Project Natick Phase 2 deployed twelve racks containing 864 servers and 27.6 
petabytes of storage at the EMEC Billia Croo test site (58°59.041ʹ N, 3°23.842ʹ W) off Orkney at 35.7 
metres, operating for approximately two years with eight-fold reliability improvement; Microsoft 
confirmed in June 2024 that it will not pursue further underwater deployments [18]. Nautilus Data's 
Stockton 1 barge has operated since 2021 at 6.5 MW IT load with rack densities of 55–100 kW/rack; the 
facility was listed for sale at $45 million in November 2024 as a strategic divestment, not a failure [5]. 
Denv-R inaugurated a 200 kW closed-loop floating container at Quai Wilson, Nantes, in October 2024, 
operating without river-water withdrawal [6]. NetworkOcean's proposed San Francisco Bay deployment 
drew advisory emails, not a formal cease-and-desist, from the Bay Conservation and Development 
Commission and the Regional Water Quality Control Board in September 2024; the project has paused 
but not formally withdrawn [7]. DeepGreen Western Passage SPV LLC filed its FERC preliminary permit 
on 11 February 2026 for a 51 MW tidal-powered installation with 34 underwater AI compute pods in 
Western Passage off Eastport, Maine [8]. 

One further entrant warrants explicit mention for what it is not. Del Complex's "BlueSea Frontier 
Compute Cluster," announced in October 2023, is described by the company itself as an "alternate 
reality corporation" venture; it has no SEC filings, no shipyard activity, and no regulator action, and is 
properly read as commentary on jurisdictional arbitrage rather than deployment. Including it as an 
operational project would distort the analytical baseline and is avoided throughout this paper. 



 
Figure 3. Marine data-centre deployment timeline and scale, 2015–2035. Labels give verified or announced installed IT 
load in megawatts. Operational submerged capacity (orange) is concentrated on Chinese coasts; floating deployments 
(blue) are more geographically distributed; permitted or blocked projects (red) include NetworkOcean and DeepGreen; 

long-term memoranda of understanding (purple) include the Shanghai 500 MW cluster. Sources: refs. [1–8, 18]. 

2.3 Market trajectory and public opposition 

Market-research estimates place the floating data-centre segment at approximately US$258 million in 
2024 with a 23 % compound annual growth rate projected through 2031. Underwater submerged 
compute remains concentrated in China, where cooling-water regulations and electricity pricing on the 
southern and eastern coasts advantage offshore deployment over inland hyperscale at hot-climate sites. 
Public and regulatory opposition has emerged at several North American projects: San Francisco 
Baykeeper and the BCDC blocked the NetworkOcean San Francisco Bay proposal in 2024 through 
advisory intervention citing unauthorised installation concerns; the Maine legislature considered a data-
centre moratorium bill in March 2026 that would intersect the DeepGreen Eastport timeline. In parallel, 
the three largest hyperscalers have largely exited the underwater pathway, Microsoft's 2024 Natick 
wind-down being the most visible, while Chinese state-linked enterprises have accelerated commercial 
deployment. 

  



3. The ecological knowledge gap 
Deployment has outpaced ecological evidence. As of April 2026, no peer-reviewed environmental 
impact assessment exists for any marine data centre at commercial scale. Microsoft's Project Natick 
findings document reliability and power usage effectiveness but do not publish sustained in-situ 
ecological monitoring [18]; the HiCloud, Shanghai Lingang, and Nautilus facilities operate without 
publicly accessible thermal, acoustic, electromagnetic, or chemical monitoring datasets. The evidentiary 
base thus rests almost entirely on analogues: coastal once-through-cooled power plants, offshore wind 
installations, subsea telecommunications and power cables, and laboratory exposure experiments. 
Figure 4 maps the principal stressor pathways and the biological receptors most directly affected. 

 
Figure 4. Principal physical and chemical stressors produced by marine data centres and the biological receptor groups 

most directly affected. Numerical ranges reflect order-of-magnitude envelopes from power-plant and offshore-wind 
analogues [24–30]. 

3.1 Thermal discharge 

Thermal discharge is the best-characterised stressor, by analogy to coastal once-through-cooled power 
plants. A meta-analysis by Guimarães and colleagues across 25 coastal nuclear power plants 
documented mean near-outfall temperature increases of 4.38 °C (95 % CI 3.72–5.03 °C) and sustained 
shifts in benthic community composition within plume footprints [24]. Applied to the marine data-
centre context, a 24 MW IT load at PUE 1.07 produces approximately 25.7 MW_th of heat rejection, 
comparable to an 80 MW combined-cycle plant; a 500 MW installation, such as the Shanghai follow-on, 
would produce roughly 535 MW_th, approaching the order of the Diablo Canyon Nuclear Power Plant 
which rejects approximately 4,600 MW_th to the Pacific across an approximate 2,540 million-gallon-per-



day discharge flow [25]. Section 8 develops the quantitative plume-footprint scaling. The key ecological 
implication is that regulatory margins on the West Coast, 0.3 °C under EPA Region 10 guidance, ±1 °C 
under CCME marine criteria, 4 °F (2.2 °C) above ambient in enclosed California bays under the 1975 
California Thermal Plan, are already engaged at Hainan-class scale and are collapsed at Shanghai-class 
scale [14, 15, 26]. 

3.2 Electromagnetic fields 

Subsea power cables connecting floating, submerged, or hybrid marine compute to shore generate 
static and low-frequency magnetic fields and, via induction, electric fields. Normandeau Associates and 
colleagues (2011), synthesising measurements from North American offshore wind cables, report 
seabed-surface magnetic field strengths of 2–5 microtesla for 33 kV HVAC inter-array cables, rising to 
20–100 microtesla at the surface of ±525 kV HVDC bipolar bundles [27]. Hutchison and colleagues (2020) 
documented unexpected AC-harmonic components extending beyond the DC signature of the Cross 
Sound cable, producing behavioural responses in little skate (Leucoraja erinacea) and American lobster 
(Homarus americanus) [28]. The elasmobranch detection threshold for induced electric fields, 
established by Kalmijn (1982), is approximately 5 nanovolts per centimetre, four orders of magnitude 
below the 1 microvolt-per-centimetre induced field from a 220 kV AC cable at 1 metre [29]. Pacific 
salmon magnetic-map detection thresholds documented by Putman and colleagues (2013) in Fraser 
River sockeye populations are 1–30 microtesla against the approximately 50 microtesla ambient Earth 
field, directly in the range of routine HVDC cable anomalies at 10-metre distances [30]. Scott and 
colleagues (2021) demonstrated strength-dependent behavioural and physiological responses in edible 
crab (Cancer pagurus) at 500–1,000 microtesla exposures, with disrupted L-lactate and D-glucose 
circadian rhythms and altered total haemocyte counts [31]. 

3.3 Underwater noise 

Marine data centres produce continuous, low-frequency, tonally dominated underwater noise from 
cooling pumps, immersion-loop circulation, transformers, and, for hybrid systems, adjacent offshore 
wind turbines. The closest published analogue is the operating-phase offshore wind turbine. Tougaard, 
Hermannsen, and Madsen (2020), in a meta-analysis across 25 turbines, report broadband monopole 
source levels of 142–151 dB re 1 µPa at 1 m for 1–3 MW machines, dominated at 30–300 Hz [32]; Stöber 
and Thomsen (2021) showed that source level scales log-linearly at approximately 13.6 dB per decade of 
rated megawatt capacity, implying that next-generation 15 MW turbines add 8–10 dB over the 2 MW 
baseline [33]. Submerged compute cooling plants are acoustically closest to offshore substation 
transformers at 130–145 dB re 1 µPa at 1 m, dominated at 100–400 Hz, and operate 24/7. For Southern 
Resident killer whales, whose best audiogram threshold is approximately 36 dB re 1 µPa at 20 kHz and 
whose echolocation band extends to roughly 110 kHz [34, 35], the low-frequency marine compute 
signature sits below peak sensitivity but overlaps the communication and masking bands used by Pacific 
salmon and herring [36]. Under NMFS 2018 Technical Guidance [37], the 120 dB re 1 µPa RMS 
continuous behavioural-harassment threshold falls at approximately 200–1,000 m from a 145 dB source 
in shallow Salish Sea bathymetry. 



3.4 Chemical releases 

Three chemical pathways merit attention. Copper-based anti-fouling coatings, the dominant class since 
the IMO AFS Convention banned organotin-based paints in 2008 and restricted cybutryne on new 
installations from 2023 [38], produce steady-state leach rates of 3–15 µg Cu per square centimetre per 
day measured in situ, with California Department of Pesticide Regulation capping leach rates at 9.5 
µg/cm²/day. A 24 MW hull of roughly 2,000 square metres wetted area releases on the order of 365 kg 
of copper per year [39]. Silicone-based fouling-release coatings shed microplastic particles at 0.01–0.1 
grams per square metre per year. Second, dielectric coolants for immersion cooling span three regimes: 
3M Novec hydrofluoroether compounds (per- and polyfluoroalkyl substances with indefinite 
environmental persistence, 3M exited this market in 2025 under REACH and EPA pressure), synthetic 
esters (OECD 301B readily biodegradable), and mineral oils (low biodegradability). Third, sacrificial 
anode cathodic protection under DNV-RP-B401 [40] contributes cumulative 0.25–1.0 tonnes of zinc and 
4–15 tonnes of aluminium over a 25-year design life for a 24 MW hull with 50–100 anodes. 

3.5 Cumulative and scaling uncertainties 

The ecological literature addresses these stressors individually but not cumulatively at the scales now 
being deployed. Existing monitoring data come from single-pod experiments in well-flushed waters; 
China's plans for 100 capsules at Hainan and 500 MW near Shanghai scale heat rejection, noise, EMF, 
and chemical release by two to three orders of magnitude beyond anything environmentally assessed. 
The BBNJ Agreement's Article 30(1) screening trigger, activities whose effects are "unknown or poorly 
understood", is drafted precisely for this situation [13]. The interpretive work is straightforward: where 
baselines are absent for HVDC converter AC-harmonic leakage at 320 and 525 kV classes, for cumulative 
soundscapes of co-located wind and compute arrays, and for chronic sub-lethal thermal exposure 
effects on Pacific salmonid olfactory imprinting, the precautionary screening obligation is engaged by 
default. 

  



4. The international regulatory vacuum 
International maritime law is structured around vessels, dumping, and the exploitation of living and non-
living resources. Marine data centres fit none of these categories cleanly. Figure 5 situates the relevant 
instruments in a six-level governance stack, with the double governance gap at the intersection of ABNJ 
and AI compute explicitly marked. 

 
Figure 5. Multi-level governance stack for offshore AI compute infrastructure, from industry standards at the base 

through international law at the top. Each level is populated by specific instruments whose applicability to marine data 
centres is partial at best; the red-dashed callout marks the structural ABNJ + AI compute gap developed in sections 4 and 

6. 

4.1 UNCLOS and the classification problem 

The United Nations Convention on the Law of the Sea, to which 170 states and the EU are parties, but 
not the United States, provides the baseline. Three provisions frame the analysis. Article 1(1)(4) defines 
pollution as "the introduction by man, directly or indirectly, of substances or energy into the marine 
environment… which results or is likely to result in… deleterious effects." Article 192 establishes a 
freestanding obligation to protect and preserve the marine environment. Article 194 creates a due-
diligence obligation to prevent, reduce, and control marine pollution. Article 206 requires pre-
assessment of planned activities that may cause substantial pollution. The ITLOS Advisory Opinion of 21 
May 2024 resolves what had been a doctrinal uncertainty in favour of the broader interpretation on 
each of these articles. At paragraph 163, the Tribunal held unanimously that "energy" within Article 
1(1)(4) expressly includes heat, relying on the International Law Commission's 2021 Draft Principles on 
Protection of the Atmosphere. At paragraph 179, it concluded that anthropogenic greenhouse gas 



emissions constitute pollution under Article 1(1)(4). At paragraph 243, it characterised the Article 194 
due-diligence standard as "stringent, given the high risks of serious and irreversible harm," requiring 
measures "as far-reaching and efficacious as possible" (paragraph 399). At paragraph 367, Article 206 
was held to require assessment of cumulative impacts. Paragraphs 222–223 clarified that Paris 
Agreement compliance does not satisfy Part XII obligations [11]. The interpretive move at paragraph 
163, reading "energy" to include heat, travels directly to the marine-data-centre context: thermal 
discharge from an offshore compute installation is pollution under UNCLOS Article 1(1)(4) on a 
straightforward application of the Tribunal's reasoning. 

4.2 The ICJ Advisory Opinion of 23 July 2025 

The International Court of Justice's unanimous Advisory Opinion of 23 July 2025 in Obligations of States 
in Respect of Climate Change (General List No. 187), requested by UN General Assembly Resolution 
77/276 on the initiative of Vanuatu and the Pacific Islands Students Fighting Climate Change, extends 
the ITLOS analysis in three ways directly relevant to offshore AI compute [12]. First, at paragraphs 162–
170 the Court rejected the argument that climate treaties are lex specialis excluding general 
international law; customary duties and other treaty regimes apply concurrently. Second, at paragraphs 
273 and 280, the Court held that the customary-law duty to prevent significant transboundary 
environmental harm applies to the climate system, binding all states regardless of treaty membership. 
For the United States, which is not a party to UNCLOS and withdrew from the Paris Agreement on 20 
January 2025, this is operationally decisive: the obligation is owed regardless of those withdrawals. 
Third, at paragraph 427 the Court observed that failure to protect the climate, including through fossil-
fuel production or licensing, "may constitute an internationally wrongful act." Together with the ITLOS 
opinion, the ICJ ruling establishes a twin-track international baseline applicable to offshore AI compute 
even before the BBNJ Agreement comes into operational effect. 

4.3 The BBNJ Agreement in force 

The Agreement under the United Nations Convention on the Law of the Sea on the Conservation and 
Sustainable Use of Marine Biological Diversity of Areas Beyond National Jurisdiction, the BBNJ 
Agreement, entered into force on 17 January 2026, 120 days after its 60th ratification by Sierra Leone 
and Morocco on 19 September 2025 [13]. By the end of Preparatory Commission III on 2 April 2026, 88 
parties had ratified, with Australia the 88th. Part IV of the Agreement (Articles 27–39) establishes the 
first specific EIA regime for areas beyond national jurisdiction. Article 30 sets a two-stage architecture. 
The screening trigger in Article 30(1) reads: "When a planned activity may have more than a minor or 
transitory effect on the marine environment, or the effects of the activity are unknown or poorly 
understood," the Party with jurisdiction or control shall conduct a screening under Article 31. The 
screening must then determine whether there are "reasonable grounds for believing that the planned 
activity may cause substantial pollution of or significant and harmful changes to the marine 
environment", the higher UNCLOS Article 206 threshold, in which case a full EIA follows. Article 30(2) 
lists seven non-exhaustive screening factors including technology type, duration, location, ecosystem 
sensitivity, cumulative impacts, and scientific uncertainty. 



Offshore AI compute in ABNJ triggers Article 30(1) on both limbs. First, thermal discharge, EMF from 
power cables, cooling-pump noise, biofouling dynamics, antifouling leachates, benthic footprint, and 
end-of-life uncertainty readily exceed "more than a minor or transitory effect" at commercial scale, and 
the deep thermally stable (2–4 °C) ABNJ environment makes thermal anomalies ecologically more 
loaded than on continental shelves. Second, the effects of industrial-scale offshore AI compute are, by 
any reasonable reading, "unknown or poorly understood", no in-situ baseline exists. Warner (2025), in 
Ocean Development & International Law, argues explicitly that the low Article 30 threshold captures 
essentially all novel ABNJ activity given ever-present scientific uncertainty [41]. The Article 38 standards-
development process now proceeding at the Scientific and Technical Body is the operational vehicle for 
giving the Article 30 trigger specific content in the AI compute context; the first Conference of the 
Parties must convene within one year of entry into force (i.e., by 17 January 2027) under Article 47(1). 

4.4 The residual international gap 

Three structural features of the international architecture remain unresolved. The International Seabed 
Authority under UNCLOS Part XI has mandate only over mineral activities in the Area, not non-mineral 
compute installations. The International Maritime Organization addresses vessels rather than AI 
compute, though its MEPC subsidiary has scope under MARPOL Annex V for operational discharges. The 
International Telecommunication Union Telecommunication Standardization Sector handles subsea 
telecommunications cables through its G.971–G.979 series but has no mandate over data centres 
themselves. UNCLOS Article 87 gives states "freedom of the high seas" subject only to "due regard" for 
other states, creating substantial operational space for flag-of-convenience platforms. Section 6 
develops the AI-safety consequences of this gap; Section 11 proposes three coordinated international 
moves to close it. 

  



5. The domestic regulatory vacuum 
Within national jurisdictions, a dense thicket of overlapping environmental, fisheries, coastal, and 
endangered-species statutes applies to any marine discharge. The problem is not that regulation is 
absent; it is that multiple agencies must act in parallel, each under statutes written for different 
infrastructure. Figure 6 maps the gauntlet for a hypothetical 24 MW West Coast MDC and the resulting 
7–12 year, $15–50 million cumulative permitting burden. 

 
Figure 6. Domestic permitting gauntlet for a hypothetical 24 MW marine data centre sited on the US West Coast. Each 

gate is a statutorily required authorisation; timelines are independent estimates that run in partial parallel but cannot be 
compressed below approximately 7 years cumulative. The red-shaded gates (316(a), ESA, OTC Policy) together carry the 

strongest presumption against commercial-scale marine compute [20, 42, 43]. 

5.1 The US Clean Water Act: NPDES and Section 316 

Under Clean Water Act section 402, any point-source discharge to US waters requires a National 
Pollutant Discharge Elimination System permit [20]. Seawater cooling of a marine data centre is a point-
source thermal discharge; EPA's Region 10 guidance (EPA 910-B-03-002) specifies numeric criteria 
including 7-day average maximum temperatures of 13 °C for spawning, 16 °C for core cold-water 
habitat, 17.5 °C for salmon and steelhead rearing and migration, and a 0.3 °C incremental warming limit 
for cold-water protection [14]. Section 316(a) provides a thermal-discharge variance pathway when the 
applicant demonstrates no prior appreciable harm to the balanced indigenous community; 316(a) 
variances for new dischargers typically take 2–5 years and cost $500,000 to $5 million. Section 316(b) 
requires best technology available for cooling-water intake structures. The California State Water 
Resources Control Board's Once-Through Cooling Policy (Resolution 2010-0020) [43] establishes a 
rebuttable presumption against new once-through cooling and requires existing dischargers to reduce 
intake flow by 93 % or demonstrate infeasibility; the policy arose from three decades of litigation, 



including Voices of the Wetlands v. State Water Resources Control Board, 52 Cal.4th 499 (2011) [42], 
which held that 316(b) permits cost-benefit analysis in best-technology determinations and that 
compensatory habitat restoration may satisfy it. The SONGS Marine Mitigation Program, 150 acres of 
San Dieguito Lagoon wetland restoration, the 384-acre Wheeler North Reef, and a fish behavioural 
barrier, embodies the scale of habitat mitigation now expected under 316(b). 

5.2 Canadian and Mexican frameworks 

Canada's Fisheries Act, Revised Statutes of Canada 1985 chapter F-14, provides the functional analogue. 
Section 34(1)(b) defines "deleterious substance" to include water altered "by heat or other means" from 
its natural state. Section 35(1) prohibits harmful alteration, disruption, or destruction of fish habitat; 
section 36(3) prohibits deposit of a deleterious substance in water frequented by fish. The Act lacks an 
express thermal variance pathway, which renders it substantively stricter than 316(a), a point not widely 
appreciated [21]. The Canadian Council of Ministers of the Environment's 1999 marine water-quality 
guidelines (updated 2007) specify that human activities should not cause ambient temperature changes 
exceeding ±1 °C at any time, location, or depth [15]. Mexico's Ley General del Equilibrio Ecológico y la 
Protección al Ambiente (LGEEPA) requires a Manifestación de Impacto Ambiental for marine works, 
administered by SEMARNAT with CONANP co-review for protected areas. 

5.3 State and provincial numerical criteria 

The strictest numerical criteria on the Pacific Coast are found at the state and provincial level. 
Washington Administrative Code 173-201A-200 applies 7-day average daily maximum temperatures of 
12 °C for char spawning and rearing, 16 °C for core salmonid habitat, and 17.5 °C for salmon and 
steelhead rearing and migration, with lethal-plume thresholds at 22 °C 7-DADM and 23 °C 1-DMax. 
Oregon Administrative Rule 340-041-0028 applies 7-DADM criteria of 12 °C for bull trout, 13 °C for 
salmon and steelhead spawning, 16 °C for core cold-water, and 18 °C for rearing and migration, each 
with a 0.3 °C human-use allowance. British Columbia's compendium of working water quality guidelines 
for temperature provides the analogue in Canadian waters. California's 1975 Thermal Plan (Resolution 
75-89) [26] prohibits new thermal discharges with ΔT above 4 °F (2.2 °C) in enclosed bays and limits 
discharge ΔT to 20 °F above natural in coastal and estuarine waters beyond a 1,000-foot surface buffer. 
Taken together, these criteria leave the West Coast thermal envelope almost entirely exhausted by 
ambient summer temperatures, as developed quantitatively in Section 7. 

5.4 Cross-jurisdictional complexity: the Salish Sea 

A marine data centre sited anywhere in the Salish Sea engages at minimum: US EPA Region 10 and 
Washington Department of Ecology; Fisheries and Oceans Canada, Environment and Climate Change 
Canada, and the BC Ministry of Environment; treaty rights of Stevens-Treaty tribes (Makah, Quinault, 
Quileute, Hoh; Stevens 1855) affirmed in United States v. Washington (1974) and extended to habitat 
protection under the Culverts decision (4-4 SCOTUS affirmance, 2018); and Crown-Indigenous relations 
with the Tsleil-Waututh, Musqueam, Squamish, and other coastal First Nations in the Coast Salish 
constellation. Under the BC Declaration on the Rights of Indigenous Peoples Act (2019) and the federal 
UN Declaration on the Rights of Indigenous Peoples Act (2021), Free, Prior and Informed Consent is a 



substantive procedural requirement. The Haida Nation Recognition Amendment Act (2024) and the 
2025 BC Supreme Court decision in Rising Tide affirming Haida title over all of Haida Gwaii's traditional 
territory (Haida Title Order, 2025 BCSC 1806) illustrate the current trajectory of Indigenous jurisdictional 
assertion in Canadian Pacific waters [44]. Any siting pathway that does not begin with FPIC with the 
relevant Indigenous governments now carries substantial legal risk. 

  



6. Offshore compute as regulatory arbitrage 
The emerging compute-governance architecture is grounded in territorial jurisdiction. Sastry, Heim, 
Belfield, Anderljung, Brundage, Hazell, and colleagues identify three functional levers, visibility, 
allocation, and enforcement, all of which rely on states' ability to reach compute activities within their 
territory or through their compute providers [45]. Shavit (2023) proposes chip-level reporting, workload 
monitoring, and international attestation as a verification regime [46]; Aarne, Fist, and Withers (2024) 
extend this to on-chip "verifier" and "controller" primitives using existing secure enclaves [47]. Offshore 
compute platforms threaten each of these levers because they dissolve the territorial nexus on which 
visibility, allocation, and enforcement all depend. Figure 7 summarises the arbitrage pathway. 

 
Figure 7. Regulatory arbitrage decision tree for frontier-compute training runs. Development-side reach of EU, California, 

and US federal AI governance is anchored in territorial jurisdiction. Training on an offshore platform under a flag of 
convenience and serving via API-only from that platform evades the development-side reporting hooks; only the EU 

Article 2 market-access hook partially engages, and only when models are placed on the EU market. 

6.1 Why compute governance depends on territorial jurisdiction 

The three principal compute-threshold regimes in force or scheduled as of April 2026 illustrate the 
territorial dependence. The EU AI Act Regulation 2024/1689, Article 51, presumes systemic risk in a 
general-purpose AI model whose cumulative training compute exceeds 10²⁵ FLOP, with full Commission 
enforcement of GPAI provisions from 2 August 2026 and penalty ceilings of €35 million or 7 % of global 
turnover for prohibited practices, and €15 million or 3 % for GPAI and other violations [9]. Article 2 
extends the Act to providers placing GPAI models "on the market" in the EU, but does not reach training 
conducted wholly outside the EU and deployed via non-EU endpoints. California's Senate Bill 53, the 
Transparency in Frontier Artificial Intelligence Act, took effect 1 January 2026 with a 10²⁶ FLOP frontier-
model threshold applied to "large frontier developers" with more than $500 million annual gross 
revenue; it authorises the Attorney General to pursue civil penalties up to $1 million per violation, but 



applies only to developers headquartered or operating in California [10]. The US federal Executive Order 
14110, which had established the 10²⁶ FLOP dual-use foundation-model reporting threshold, was 
rescinded by Executive Order 14148 on 20 January 2025 and replaced by Executive Order 14179 on 23 
January 2025 removing the reporting requirement [22, 23]. No US federal compute-threshold reporting 
regime currently applies. 

6.2 Three arbitrage margins 

Three distinct arbitrage margins emerge from the territorial architecture. The first is threshold evasion 
on the development side: a model trained on a Panamanian-flagged 100 MW floating platform and 
deployed via a non-EU cloud endpoint is subject to no pre-deployment training-compute reporting 
anywhere in the world as of April 2026. The second is know-your-customer bypass: the Egan–Heim 
(2023) proposal for KYC obligations on compute service providers relies on the US-CSP regulatory 
chokepoint [48]; bare-metal self-provisioning on an offshore platform dissolves the chokepoint because 
the offshore operator is both provider and customer. The third is verification degradation: Shavit's 
inspection regime assumes physical access; floating ABNJ platforms require flag-state treaty cooperation 
(unlikely for flag-of-convenience registries) or port-state control on supply-vessel landings, an approach 
analogous to the UK Marine, &c., Broadcasting (Offences) Act 1967 response to offshore radio pirates, 
but untested against AI compute. 

6.3 Practical barriers and their erosion 

Three practical barriers currently limit arbitrage, but each is eroding. Power requirements: offshore AI 
platforms need dense, reliable, multi-hundred-megawatt power, which until recently was unavailable 
outside shoreside grids; offshore wind buildout (Shanghai Lingang, MOL/Kinetics proposals) and floating 
nuclear (ABS's October 2024 Requirements for Nuclear Power Systems for Marine and Offshore 
Applications establishes the classification pathway [49]) are reducing this constraint. Chip supply chain: 
advanced AI accelerators remain concentrated at TSMC and NVIDIA, with downstream controls including 
US export restrictions under the 15 CFR 744 framework; sustained Chinese-origin NVIDIA-equivalent 
development is narrowing this chokepoint. Financial-system dependencies: hyperscalers currently rely 
on US and EU capital markets and cloud-customer payments, creating de facto compliance pull; 
offshore-hosted API-only commercial models paid in cryptocurrency or via non-OFAC channels 
circumvent this pull. The window for establishing international norms before these constraints fully 
erode is approximately three to five years. 

6.4 UK, EU, and Canadian sovereign-AI context 

Three further developments anchor the analysis. The UK renamed the AI Safety Institute to the AI 
Security Institute in February 2025, shifting emphasis to cyber, criminal misuse, and national security; 
AISI operates through voluntary memoranda of understanding with frontier labs, not statutory compute 
thresholds. The EU's Invest AI initiative and the European Commission's 18 July 2025 GPAI guidelines set 
an indicative threshold at >10²³ FLOP plus broad capability and treat significant fine-tuning (>⅓ of 
original compute) as making the modifier a provider. Canada's Sovereign AI Compute Strategy, launched 
in 2024, provides domestic compute capacity intended in part to reduce reliance on non-Canadian 



providers; its boundaries and its interaction with offshore deployment have not been publicly 
articulated. These sovereign-AI programs create both a rationale for domestic compute and an implicit 
endorsement of the territorial-nexus premise that offshore platforms contest. 

  



7. West Coast case study: thermal envelope and species thresholds 
The policy stakes of the analysis so far become concrete on the Pacific West Coast, where high-value 
salmonid fisheries, eelgrass and bull kelp nursery habitat, and the Southern Resident killer whale 
population intersect with the strictest numerical thermal criteria in North America. Figure 8 combines 
the candidate siting pathway with the species-specific thermal thresholds. 

 
Figure 8. West Coast case study. Panel (a): candidate marine data-centre sites overlaid with the Southern Resident Killer 
Whale critical habitat expansion (86 FR 41668, 2021). Panel (b): West Coast summer ambient sea-surface temperatures 

(≈16 °C) plus an assumed +3 °C MDC plume increment, compared with regulatory and biological thresholds. The red-
shaded zones mark configurations in which MDC plume temperatures cross biological or regulatory thresholds. 

7.1 Focal ecosystems and siting pressure 

Six candidate siting regions anchor the analysis: San Francisco Bay (Richardson Bay and Central Bay); 
Monterey Bay; the Columbia River Estuary; Puget Sound (Main Basin and Hood Canal); Haro Strait; and 
the Strait of Georgia. Each region is characterised by high biological sensitivity (ESA-listed salmonid 
evolutionarily significant units; SRKW critical habitat; eelgrass beds; kelp-forest assemblages), pre-
existing regulatory frameworks, and commercial-scale data-centre demand. NetworkOcean's 2024 
proposal in San Francisco Bay is the only documented US West Coast marine data-centre proposal to 
reach regulatory attention; no commercial deployment has proceeded [7]. 

7.2 Pacific salmonids and thermal stress 

Brett's 1952 classic paper (Journal of the Fisheries Research Board of Canada 9(6): 265–323) established 
that no Oncorhynchus species tolerates temperatures above approximately 25.1 °C for one week, with 
coho and chinook salmon most resistant and pink and chum least, and optimum 10–16 °C [50]. Eliason 
and colleagues (2011, Science 332: 109–112) demonstrated that Fraser River sockeye populations differ 
in cardiac thermal optima consistent with historic migration temperatures, with populations from hotter 
routes exhibiting greater aerobic scope [51]. For regulatory purposes, the relevant operational 
thresholds are stress (~19–20 °C) and critical thermal maximum (~24–26 °C). The West Coast summer 



ambient sea-surface temperature is approximately 16 °C. Adding a +3 °C plume increment, well within 
the engineering range developed in Section 8 for Hainan-class discharge, places salmonid migration 
corridors at 19 °C, right at the stress threshold. 

7.3 Eelgrass, bull kelp, and Southern Resident killer whales 

Lee, Park, and Kim (2007) [52] established the temperate seagrass optimum at 11.5–26 °C for Zostera 
marina, with growth inhibition above 20 °C for Korean populations representative of cool-temperate 
temperate seagrass. Berger and colleagues (2020) found that in-situ oxygen flux drops by more than half 
and ecosystem metabolism shifts to net heterotrophy above approximately 28.6 °C; sustained 
temperatures above 30 °C for more than five days produce mortality. Bull kelp (Nereocystis luetkeana) 
along northern California lost more than 90 % of canopy over 350 km of coastline during the 2013–2016 
marine heatwave (the "Blob"), with sea-urchin explosion, sea-star wasting disease, and an $44 million 
abalone fishery closure as secondary consequences (Rogers-Bennett and Catton, 2019 Scientific Reports 
9: 15050) [53]. The Southern Resident killer whale population stood at 74 in the July 2025 census; 
NOAA's 2021 critical habitat revision (86 FR 41668) added 15,910 square miles of coastal marine habitat 
from the US-Canada border to Point Sur, California, between 6.1 and 200 metres depth, excluding the 
Quinault Range for national security [54]. Communication occurs in pulsed calls at 1–10 kHz with 
harmonics to 30 kHz, whistles at 0.5–18 kHz, and echolocation clicks to approximately 110 kHz with 
centre frequency near 50 kHz (Au and colleagues, 2004; Miller, 2006; Holt and colleagues, 2009; Veirs 
and colleagues, 2016) [35]. A marine data centre producing a 130–145 dB re 1 µPa continuous low-
frequency source 24/7 within this critical habitat is not a hypothetical regulatory problem. 

7.4 Climate-adjusted baselines 

Climate projections compound the thermal problem. Abdul-Aziz and colleagues (2011) and Battin and 
colleagues (2007, PNAS 104: 6720–6725) project Pacific salmon thermal habitat loss of 15–30 % under 
moderate warming scenarios. Kovach and colleagues (2013) documented earlier migration timing and 
decreasing phenotypic variation across multiple salmonid species. These baselines shift under climate 
change in the same direction as marine data-centre thermal additions: both drive coastal waters further 
from salmonid thermal optima. Under the ITLOS Article 194 due-diligence standard as interpreted at 
paragraph 243, this coupling, an anthropogenic energy discharge adding to an already rising thermal 
baseline, is precisely the scenario in which "stringent" due diligence applies. 

  



8. Thermal plume engineering envelope 
The regulatory criteria set out in Sections 4, 5, and 7 have specific engineering analogues. For a marine 
data centre rejecting Q_heat watts of thermal energy to seawater, the minimum mixing flow required to 
cap the outfall temperature rise at ΔT is Q_mix = Q_heat / (ρ · C_p · ΔT), where ρ = 1025 kg/m³ and C_p 
= 3993 J/(kg·K) at coastal conditions. The radial footprint in which plume temperature exceeds a 
threshold scales approximately linearly with heat rejection rate and inversely with ambient current. 
Figure 9 develops both quantities across the deployment envelope. 

 
Figure 9. Thermal plume engineering envelope. Panel (a): plume footprint radius against heat rejection rate across three 

ambient current regimes, calibrated to the Diablo Canyon NPDES empirical observation (~1,100 ha >1 °C footprint at 
~4,600 MW_th). The 100 m EPA Region 10 / CCME scoring distance is crossed at 24 MW Hainan-class discharge under 
sluggish currents. Panel (b): required seawater mixing flow to cap outfall ΔT at 1, 3, and 10 °C across the 1–500 MW 

deployment envelope. 

Table 1 summarises the mixing-flow requirements across the deployment envelope. The 24 MW Hainan-
class deployment requires approximately 5.87 m³/s, or 96,800 gallons per minute, to cap the outfall 
temperature rise at 1 °C. A 500 MW Shanghai follow-on cluster requires 122 m³/s (1.94 million gallons 
per minute), approaching the 110 m³/s cooling flow of the Diablo Canyon Nuclear Power Plant at 2,540 
MGD. The Pacific West Coast thermal criteria, 0.3 °C EPA Region 10 incremental limit, ±1 °C CCME 
marine criterion, 4 °F California Thermal Plan enclosed-bay prohibition, collapse progressively across this 
envelope: the 0.3 °C limit is crossed at any rack of meaningful IT load; the 1 °C limit is crossed at Hainan 
scale under typical coastal currents; the 4 °F California prohibition in enclosed bays rules out even sub-
megawatt deployment in San Francisco Bay. 

Q_heat Q_mix @ ΔT≤1 °C Q_mix @ ΔT≤3 °C GPM @ 1 °C 

1 MW 0.244 m³/s 0.081 m³/s 3,870 

10 MW 2.44 m³/s 0.81 m³/s 38,700 

24 MW (Hainan) 5.87 m³/s 1.96 m³/s 96,800 

100 MW 24.4 m³/s 8.13 m³/s 387,000 



500 MW (Shanghai) 122 m³/s 40.7 m³/s 1,935,000 

 

Table 1. Required seawater mixing flow to cap outfall ΔT at specified thresholds, by IT heat rejection rate, assuming ρ = 
1025 kg/m³ and C_p = 3993 J/(kg·K). 

A CORMIX-analogue empirical calibration anchored to the Diablo Canyon NPDES monitoring, 
approximately 1,100 hectares of >1 °C footprint at roughly 4,600 MW_th under 0.2 m/s current, scales 
approximately linearly in heat load and inversely in current, producing plume footprints of 19.5 hectares 
for a 10 MW deployment at 0.05 m/s, 46.8 hectares for 24 MW at 0.05 m/s, 11.7 hectares for 24 MW at 
0.20 m/s, and 243.8 hectares for a 500 MW cluster at 0.20 m/s. CORMIX simulations with engineered 
diffusers typically reduce these footprints by factors of 3–10; atmospheric heat loss damps plumes 
further over kilometre scales (Fischer and colleagues, 1979; Doneker and Jirka, 2007) [55, 56]. The core 
inference is robust across model choices: at Hainan-class scale, the plume footprint extends to the 100-
metre scoring distance used in EPA and CCME numerical criteria; at Shanghai-class scale, the footprint 
approaches the magnitude of the Diablo Canyon observational footprint. 

  



9. Compute-capacity quantification against regulatory thresholds 
The AI-safety arbitrage argument in Section 6 becomes quantitatively sharp when compute capacity at 
each platform scale is compared to the training-FLOP thresholds now in force. Taking the NVIDIA H100 
SXM5 at 700 W thermal design power, 989 dense FP16 teraflops, 1,400 W all-in IT power per GPU 
including server and networking overhead, a PUE of 1.10 for submerged deployment, 45 % Model FLOPS 
Utilisation measured on production Llama-3 70B training, and 3.154 × 10⁷ seconds per year of 24/7 
operation, Table 2 reports the compute capacity and threshold-crossing rate at five platform scales. 

IT (MW) H100-equiv. Annual FLOP EU 10²⁵/mo SB 53 10²⁶/mo 

1 650 9.10 × 10²⁴ 0.076 0.0076 

10 6,500 9.10 × 10²⁵ 0.76 0.076 

24 (Hainan) 15,600 2.19 × 10²⁶ 1.83 0.18 

100 65,000 9.10 × 10²⁶ 7.58 0.76 

500 (Shanghai) 325,000 4.55 × 10²⁷ 37.9 3.79 

 

Table 2. Compute capacity by platform IT load and regulatory-threshold crossings per month. H100-equivalent counts are 
computed as IT MW × 10⁶ / 1,400 W all-in per GPU; annual FLOP assume FP16 dense at 45 % MFU, 24/7 operation. 

A 24 MW Hainan-class deployment crosses the EU AI Act Article 51 systemic-risk threshold 
approximately 1.8 times per month; a 100 MW platform crosses the EU threshold 7.6 times per month 
and the California Senate Bill 53 threshold nearly once per month; a 500 MW Shanghai cluster crosses 
the EU threshold more than once per day and the California threshold nearly four times per month. For 
Blackwell-generation hardware at FP8 dense precision (B200 at approximately 2.25 petaflops per GPU), 
a 100 MW facility crosses the EU threshold every 13 hours and the California threshold every 5.4 days. 
Figure 10 displays the compute-threshold crossings as a continuous function of platform IT load for both 
hardware generations. 



 
Figure 10. Monthly regulatory-threshold crossings as a function of platform IT load, for H100 FP16-dense and B200 FP8-
dense hardware, at 45 % MFU and 24/7 operation. Horizontal line marks one crossing per month. The 24 MW Hainan-
class and 500 MW Shanghai-class anchors are marked. H100 and B200 curves diverge by approximately 2.3× reflecting 

the peak-FLOPS difference; the arbitrage-margin argument applies to both. 

Table 3 summarises the principal compute-based regulatory thresholds now in force or scheduled. The 
heterogeneity of thresholds, penalty structures, and jurisdictional reach is the practical basis for the 
arbitrage analysis. As of April 2026, the binding numerical anchors are the EU Article 51 10²⁵ FLOP 
systemic-risk threshold and the California SB 53 10²⁶ FLOP frontier-developer threshold. No federal US 
threshold applies, and no international regime fills the offshore gap. 

Jurisdiction Instrument Threshold Status 

EU Reg. 2024/1689 Art 51 10²⁵ FLOP (systemic-risk GPAI) In force; GPAI enforcement Aug 2026 

California SB 53 TFAIA 10²⁶ FLOP (frontier) Effective 1 Jan 2026 

US federal EO 14110 (rescinded) 10²⁶ FLOP Rescinded 20 Jan 2025 

China CAC Gen. AI Measures Service-based (no FLOP) In force Aug 2023 

UK AISI voluntary MoU None statutory Voluntary 

 

Table 3. Compute-based regulatory thresholds, April 2026. 

  



10. Economics: capital, operating costs, and water savings 
Does the economics favour offshore deployment? The answer matters for both siting incentives and 
regulatory credibility: if marine data centres are significantly more expensive than inland alternatives, 
market discipline may do some of the work that regulation would otherwise need to do. Figure 11 
summarises the capital-cost and water-savings comparison across three deployment modes. 

 
Figure 11. Economic and water-footprint comparison across deployment modes. Panel (a): total capex per megawatt for 

a 24 MW facility, stacked by component. Panel (b): 10-year water savings at 100 MW scale relative to a hot-climate 
inland evaporative-cooled baseline. Submerged offshore-wind-powered configurations save approximately 83.2 gigalitres 

over 10 years, comparable to the annual municipal consumption of approximately one million US residents. 

10.1 Capex and opex 

McKinsey's 2024 hyperscale data-centre benchmarking places AI-optimised inland facilities at 
approximately $5.5 million per megawatt for shell and cooling infrastructure, rising to $25–35 million 
per megawatt all-in once the GPU fleet is included [57]. Marine deployment adds three cost categories. 
Shell and cooling costs rise to approximately $10–20 million per megawatt for floating and $15–30 
million per megawatt for submerged, reflecting classification costs, marine-grade hull fabrication, and 
subsea cable landing. Cable connection costs, absent for inland facilities on the grid, add $50–150 
million for HVDC shore connection for floating platforms and $100–200 million for submerged platforms 
requiring remotely operated vehicle installation (subsea HVDC cable costs run $1–4 million per km for 
±320 kV class). Classification and insurance costs add 0.5–1.5 % of capex plus 0.5–2 % per year of hull 
value for marine insurance (IUMI 2023). Annual operations and maintenance costs run 3–5 % inland, 5–8 
% floating, and 7–10 % submerged. The cumulative effect is that a submerged marine data centre carries 
approximately two to five times higher facility capex and two to three times higher annual operating 
cost than an inland equivalent. 

10.2 Water footprint 

The most frequently cited economic rationale for marine deployment is the elimination of cooling-water 
withdrawal. Mytton (2021) estimates a continental-US average grid-water intensity of 4.6 litres per 



kilowatt-hour, spanning zero for wind, solar PV, and dry-cooled natural gas combined cycle to more than 
530 L/kWh for open-loop coal [58]. Over 10 years at 100 MW IT load, an inland evaporatively-cooled 
facility in a hot climate consumes approximately 83.2 gigalitres total; a submerged offshore-wind-
powered platform consumes zero. The saving is real, comparable to the annual municipal water 
consumption of approximately one million US residents, but it is fully realised only when the submerged 
platform is paired with renewable generation whose own grid-water intensity is near zero. A submerged 
platform paired with grid-average electricity saves approximately 39 gigalitres over 10 years at the same 
scale, not the full 83. This caveat is absent from most operator disclosures. 

10.3 Net economic verdict 

The net economic verdict depends sharply on water prices, electricity prices, and regulatory risk. Where 
water is priced at full scarcity cost, hot, arid regions, the water-savings dividend at scale can approach 
the capex premium. Where water is underpriced (the typical US case) and regulatory risk is low, inland 
deployment dominates. In April 2026 the balance favours inland for most US and European 
deployments, but two trajectories are shifting it: rising US data-centre water stress reporting 
(Bloomberg 2024 county-level analysis) and the steadily tightening water allocation in the southwestern 
US and in Western Europe. The Hainan and Shanghai deployments reflect a different calculus in which 
national industrial policy and coastal electricity pricing (subsidised offshore wind) underwrite 
deployment economics that would not clear purely private cost-benefit analysis in the North American 
and European contexts. 

  



11. Policy, science, and engineering recommendations 
The analysis produces a governance gap that no single stakeholder can close. Figure 12 maps the 
stakeholder network and the coordination gap at the ABNJ + AI compute intersection. The 
recommendations below are addressed to eight audiences in order from broadest international bodies 
to most local Indigenous co-management frameworks. They are concrete, numbered, and, where 
possible, quantified, because a recommendation that cannot be translated into a licensing condition or a 
research budget line does not change operator behaviour. 

 
Figure 12. Stakeholder network for offshore AI compute governance. Solid lines are formal delegated or statutory 

relationships; dashed lines are consultative or litigation relationships. The red-dashed callout highlights the coordination 
gap between international AI governance (no dedicated regime, upper right) and the existing maritime-environmental 

architecture (UN, IMO, ITLOS, ISA, left). 

11.1 International bodies 

First, the BBNJ Conference of the Parties at COP1 (no later than 17 January 2027 under Article 47) 
should adopt AI compute-specific standards under Article 38: (a) threshold criteria giving Article 30(1) 
screening content for submerged and floating compute installations in ABNJ; (b) standardised 
monitoring protocols covering continuous ΔT, broadband sound pressure level, seabed magnetic-field 
anomaly, and dielectric-coolant concentrations; (c) cumulative-impacts methodology per Article 30(2)(c) 
covering interactions with shipping lanes, cables, and offshore wind; and (d) strategic environmental 
assessment templates for deployment clusters. Second, the IMO Marine Environment Protection 
Committee should initiate a workstream on non-ship offshore data-computing installations, targeting 



instrument adoption by 2030 to close the gap between MARPOL (vessel-source), OPRC (oil and 
chemical), and AFS (anti-fouling). Third, the IACS societies, ABS, DNV, Lloyd's, CCS, BV, ClassNK, KR, 
should jointly publish a Marine Data Centre Classification Note requiring pressure-hull certification to 
ABS Underwater Vehicle Rules (2024 edition), pump and chiller acoustic verification to ISO 17208-1, and 
cable EMF verification to CIGRE Technical Brochure 909. 

11.2 National policymakers 

First, treat marine data centres as a regulated category under existing thermal-discharge, fisheries, 
coastal-zone, and endangered-species statutes: CWA sections 316(a) and 316(b) (US), Fisheries Act 
sections 34–36 (Canada), LGEEPA (Mexico), Marine Strategy Framework Directive and Habitats Directive 
(EU). Each relevant agency should publish interpretive guidance making explicit that seawater cooling of 
compute operations, including passive heat conduction through sealed enclosures, constitutes a point-
source thermal discharge. Second, adopt numerical licensing conditions as a binding floor: plume ΔT ≤ 
+1 °C above ambient at 100 m from source (daily maximum +3 °C), aligned with CCME marine criteria; 
broadband SPL ≤ 120 dB re 1 µPa at 500 m continuous, aligned with NMFS 2018 Level B harassment 
threshold; seabed B-field anomaly ≤ 5 µT at 10 m; zero detectable PFAS in water column. Third, require 
pre-deployment EIA with explicit cumulative-impacts analysis. Fourth, incorporate FPIC with Indigenous 
co-managers under UNDRIP and DRIPA as a mandatory procedural step. Fifth, establish a statutory 
compute-reporting threshold mirroring the EO 14110 Section 4.2(c)(iii) structure but codified in statute 
rather than executive order to eliminate the rescission vulnerability demonstrated in January 2025. 

11.3 Scientific community 

First, conduct in-situ thermal, acoustic, electromagnetic, and chemical baseline studies at currently 
operating marine data centres, HiCloud Hainan, Shanghai Lingang, Nautilus Stockton, and the Natick 
Phase 2 archive, to validate the plume and noise models. Second, develop a standardised Marine Data 
Center Impact Assessment protocol with mandatory near-field and far-field ΔT, broadband SPL, seabed 
B-field, and chemical analyte measurements at quarterly intervals. Third, investigate sub-lethal and 
cumulative effects on ESA- and SARA-listed species, SRKW, Pacific salmon ESUs, leatherback turtles, 
yelloweye rockfish, at the scale demanded by the ITLOS due-diligence standard. Fourth, prioritise the 
"unknown or poorly understood" BBNJ Article 30(1) research docket, particularly HVDC converter AC-
harmonic leakage at 320 and 525 kV, cumulative soundscapes with offshore wind arrays, and chronic 
sub-lethal thermal effects on salmonid olfactory imprinting. 

11.4 Engineers, operators, and hyperscalers 

First, apply "best available techniques" consistent with ITLOS AO paragraph 213 due-diligence: diffuser 
designs minimising >1 °C plume area to under 10 hectares; closed-loop dielectric cooling where feasible; 
PFAS-free synthetic-ester coolants only; silicone-based fouling-release coatings instead of copper-based 
paints in ESA-critical-habitat waters; cable burial ≥ 3 m in salmonid and elasmobranch habitat. Second, 
publish real-time monitoring data via the BBNJ Clearing-House Mechanism and equivalent national 
portals. Third, design for end-of-life removal per OSPAR Decision 98/3 standards regardless of 
jurisdiction, with 100 % decommissioning financial assurance escrowed at commissioning. Fourth, 



implement Shavit-style compute monitoring and hardware attestation (NVIDIA Confidential Computing, 
Intel TDX, AMD SEV-SNP) at the pod level as a condition of insurance and classification. Fifth, 
hyperscalers should adopt responsible-scaling policies explicitly excluding marine deployment above 
10²⁵ FLOP training compute without an independent safety case deposited with the national regulator, 
and should exclude flag-of-convenience registries for marine assets. 

11.5 Classification societies 

The IACS societies hold unique leverage because they act as Recognised Organisations under the IMO 
RO Code (MSC.349(92) and MEPC.237(65)) exercising delegated statutory authority on behalf of flag 
states. Three moves: (a) joint publication of the Marine Data Centre Classification Note as 
recommended in 11.1; (b) introduction of an AI-compute rating notation analogous to ice class, 
specifying permissible FLOP/s per hull volume, maximum continuous heat rejection per hull surface 
area, and minimum redundancy; (c) consultative-status participation in the BBNJ Scientific and Technical 
Body to harmonise class-society standards with Article 38 guidelines. 

11.6 Indigenous co-management frameworks 

First, embed marine data centre siting decisions in existing co-management agreements, the Haida 
Gwaii SGaan Kinghlas–Bowie Seamount MPA precedent (DFO and Council of the Haida Nation, 2008), 
the 2024 Rising Tide and Haida Title Act, and the 2025 Haida Title Order (BCSC 2025 BCSC 1806), as 
templates [44]. Second, assert FPIC as a substantive veto under UNDRIP Article 32(2) and BC DRIPA 
Section 6. Third, establish Indigenous-led monitoring programs funded by operator royalties, modelled 
on the BC Guardians Program and the Columbia River Inter-Tribal Fish Commission. Fourth, pursue 
treaty-rights litigation under the US v. Washington Culverts doctrine where thermal or acoustic impacts 
foreseeably harm treaty-protected salmon runs or Southern Resident killer whale prey base. 

11.7 NGOs, academia, and civil society 

First, litigate strategic test cases at the interface of offshore compute and existing environmental law, 
building on the San Francisco Baykeeper intervention on NetworkOcean [7]. Second, publish 
independent facility inventories keyed to regulatory filings to enable monitoring in the absence of 
mandatory operator reporting. Third, support AI Safety Institute voluntary agreements with expanded 
compute-disclosure provisions covering marine deployment. 

11.8 Implementation timeline 

The recommendations should be coordinated along an explicit timeline anchored to the BBNJ COP cycle. 
2026–2027: BBNJ COP1 adopts Article 38 standards for MDC activities; national interpretive guidance on 
thermal-discharge classification; classification societies publish the joint Classification Note. 2028–2030: 
first MDC-IA field trials at commercial-scale deployments; IMO workstream instrument adoption; first 
bilateral compute-reporting agreements covering offshore platforms. 2031–2035: hardware-attestation-
backed compute-verification protocols mature; first Indigenous-led long-term monitoring baselines; first 
enforcement actions against non-compliant offshore platforms. The alternative to this coordinated 
trajectory is continued deployment under the existing patchwork, and the arithmetic of Section 9 



guarantees that the offshore compute pathway will in that case become the preferred vector for 
threshold-evading frontier training runs by the end of the decade. 

  



12. Conclusions 
The marine data-centre sector has crossed from speculation to commercial operation faster than 
regulatory frameworks have adapted. China's HiCloud facilities represent 675 petaFLOPS of underwater 
compute serving major enterprise clients; the Shanghai Lingang wind-powered submerged deployment 
completed construction in October 2025; MOL-Kinetics-Hitachi feasibility is active through 2026; 
DeepGreen Western Passage is in FERC permitting for 51 MW of tidal-powered submerged compute. 
Four findings from this analysis are consequential and time-sensitive. 

First, the ITLOS Advisory Opinion of 21 May 2024 and the ICJ Advisory Opinion of 23 July 2025 have 
removed a foundational doctrinal uncertainty. "Energy" within UNCLOS Article 1(1)(4) expressly includes 
heat (ITLOS paragraph 163); the due-diligence obligation under Article 194 is stringent (paragraph 243); 
Article 206 environmental impact assessment requires cumulative-impact analysis (paragraph 367); and 
the customary-law duty to prevent transboundary climate harm binds all states regardless of treaty 
membership (ICJ, paragraphs 273, 280). Marine data-centre thermal discharges fall squarely within 
these obligations, and the architecture applies to the United States despite its non-party status to 
UNCLOS and its withdrawal from the Paris Agreement. 

Second, the BBNJ Agreement in force from 17 January 2026 creates the first specific EIA regime for 
ABNJ, with Article 30 screening triggered twice over by offshore AI compute on both the "more than 
minor or transitory effect" and "unknown or poorly understood" limbs. COP1 must convene by 17 
January 2027; the Article 38 standards adoption process at the Scientific and Technical Body is the 
operational vehicle for giving the Article 30 trigger specific content in the AI compute context. 

Third, the AI-safety arbitrage dimension is underappreciated but quantitatively sharp. A 24 MW Hainan-
class marine deployment crosses the EU AI Act Article 51 systemic-risk threshold approximately 1.8 
times per month; a 100 MW platform crosses the California SB 53 frontier-developer threshold nearly 
once per month; a 500 MW Shanghai cluster crosses the EU threshold more than once per day. The 
Biden Executive Order 14110 was rescinded in January 2025; no federal US compute-threshold reporting 
regime now applies. Practical barriers to offshore arbitrage, power, chip supply, financial-system 
dependence, are eroding. The window for international-norm establishment is approximately three to 
five years. 

Fourth, on the West Coast of North America, the combination of the 0.3 °C EPA Region 10 incremental 
limit, the ±1 °C CCME marine standard, the 4 °F California Thermal Plan enclosed-bay cap, and Pacific 
salmonid thermal stress thresholds as low as 2–3 °C leaves effectively no thermal margin for 
commercial-scale deployment. The presence of Southern Resident killer whale critical habitat from the 
US-Canada border to Point Sur, California, compounds the constraint. Any commercial-scale marine 
deployment on the Pacific West Coast must be either explicitly integrated into critical-habitat 
management frameworks with Indigenous co-managers or acknowledged as incompatible with the 
existing regulatory envelope. 

The broader program to which this paper belongs, integrating environmental science, legal analysis, and 
computational tools across US and Canadian jurisdictions, offers a template for how governance 
frameworks can be built ahead of commercial-scale deployment rather than reactively in its wake. The 



ocean server farm is arriving; the question for governance is whether it arrives under frameworks 
designed for it, or whether it continues to exploit the gaps in frameworks written for power plants, 
ships, and waste. 

Acknowledgments 
This research was supported by the Sentient Futures fellowship program. The authors gratefully 
acknowledge the generous feedback and insights provided by all the organizations that participated in 
this project. All errors and omissions remain our own.  



References 
[1] Xinhua. China Focus: World's first commercial underwater data center hits water. China Daily, 31 March 2023. 

https://global.chinadaily.com.cn/a/202303/31/WS642636b9a31057c47ebb7952.html 
[2] Data Center Dynamics. China's underwater data center expanded to support growing AI workloads. April 2025. 

https://www.datacenterdynamics.com/en/news/chinas-underwater-data-center-expanded/ 
[3] English.gov.cn. China completes construction of world's first wind-powered underwater data center. 21 October 

2025. https://english.www.gov.cn/news/202510/21/content_WS68f72c76c6d00ca5f9a06f20.html 
[4] The Register. Mitsui OSK taps Hitachi for floating datacenter plan. 1 April 2026. 

https://www.theregister.com/2026/04/01/japanese_shipping_biz_hitachi_floating_datacenters/ 
[5] Data Center Dynamics. Nautilus puts Stockton floating barge data center up for sale at $45m. November 2024. 

https://www.datacenterdynamics.com/en/news/nautilus-puts-stockton-floating-barge-data-center-up-for-sale-at-
45m/ 

[6] Nantes Saint-Nazaire Port. Inauguration of the DENV-R Floating Data Center in Nantes. 8 October 2024. 
https://www.nantes.port.fr/en/news/inauguration-denv-r-floating-data-center-nantes 

[7] WIRED/GeoGarage. An underwater data center in San Francisco Bay? Regulators say not so fast. September 2024. 
https://blog.geogarage.com/2024/09/an-underwater-data-center-in-san.html 

[8] The Quoddy Tides. Proposed tidal project would power underwater AI data center. March 2026. 
https://www.quoddytides.com/proposed-tidal-project-would-power-underwater-ai-data-center/ 

[9] Regulation (EU) 2024/1689 of the European Parliament and of the Council of 13 June 2024 laying down harmonised 
rules on artificial intelligence (AI Act). Article 51. Official Journal of the European Union, L 2024/1689. https://ai-
act-service-desk.ec.europa.eu/en/ai-act/article-51 

[10] California Senate Bill 53, Transparency in Frontier Artificial Intelligence Act. Chapter 138, Statutes of 2025. Signed 29 
September 2025; effective 1 January 2026. 
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=202520260SB53 

[11] International Tribunal for the Law of the Sea. Request for an Advisory Opinion submitted by the Commission of 
Small Island States on Climate Change and International Law. Case No. 31, Advisory Opinion of 21 May 2024. 
https://www.itlos.org/fileadmin/itlos/documents/cases/31/Advisory_Opinion/C31_Adv_Op_21.05.2024_orig.pdf 

[12] International Court of Justice. Obligations of States in respect of Climate Change, Advisory Opinion of 23 July 2025. 
General List No. 187. https://www.icj-cij.org/sites/default/files/case-related/187/187-20250723-adv-01-00-en.pdf 

[13] United Nations. Agreement under the United Nations Convention on the Law of the Sea on the Conservation and 
Sustainable Use of Marine Biological Diversity of Areas beyond National Jurisdiction (BBNJ Agreement). Adopted 19 
June 2023; entered into force 17 January 2026. UN Depositary Notification C.N.447.2025.TREATIES-XXI.10. 
https://www.un.org/bbnjagreement/en 

[14] US Environmental Protection Agency Region 10. EPA Region 10 Guidance for Pacific Northwest State and Tribal 
Temperature Water Quality Standards. EPA 910-B-03-002, April 2003. https://www.epa.gov/wa/northwest-water-
quality-temperature-guidance-salmon-steelhead-and-bull-trout 

[15] Canadian Council of Ministers of the Environment. Canadian Water Quality Guidelines for the Protection of Aquatic 
Life: Temperature (Marine). 1999 (updated 2007). Winnipeg: CCME. ISBN 1-896997-34-1. 
https://www.ccme.ca/en/res/temperature-marine-en-canadian-water-quality-guidelines-for-the-protection-of-
aquatic-life.pdf 

[16] International Energy Agency. Energy and AI. IEA Special Report, 2025. Paris: IEA. 
https://www.iea.org/reports/energy-and-ai 

[17] Shehabi A, Smith SJ, Hubbard A, et al. 2024 United States Data Center Energy Usage Report. Lawrence Berkeley 
National Laboratory, LBNL-2001637, December 2024. DOI: 10.71468/P1WC7Q 



[18] Microsoft Research. Project Natick Phase 2: Research findings on underwater datacenter reliability. Microsoft, 
Redmond WA, 14 September 2020. https://natick.research.microsoft.com/; 
https://news.microsoft.com/source/features/sustainability/project-natick-underwater-datacenter/ 

[19] Starczewska M. Ocean-Based Data Centers under UNCLOS: Classification Challenges for Vessels and Installations. 
SSRN Working Paper, 2025/2026. 

[20] United States Clean Water Act (Federal Water Pollution Control Act), 33 U.S.C. §§ 1251–1388 (1972, as amended). 
Sections 301, 316(a), 316(b), 401, 402. US Environmental Protection Agency regulations at 40 C.F.R. §§ 125.70–
125.73 and §§ 125.90–125.99. 

[21] Canada. Fisheries Act, R.S.C. 1985, c. F-14, sections 34(1)(b), 34.4(1), 35(1)-(2), 36(3). https://laws-
lois.justice.gc.ca/eng/acts/F-14/FullText.html 

[22] Executive Order 14148, Initial Rescissions of Harmful Executive Orders and Actions. 20 January 2025; published 28 
January 2025. Federal Register Doc. 2025-01901. https://www.federalregister.gov/documents/2025/01/28/2025-
01901/initial-rescissions-of-harmful-executive-orders-and-actions 

[23] Executive Order 14179, Removing Barriers to American Leadership in Artificial Intelligence. 23 January 2025; 
published 31 January 2025. 90 Fed. Reg. 8741. Federal Register Doc. 2025-02172. 
https://www.federalregister.gov/documents/2025/01/31/2025-02172/removing-barriers-to-american-leadership-
in-artificial-intelligence 

[24] Guimarães I, Sanz-Lazaro C, Sempere-Valverde J, et al. Meta-analysis of thermal discharge impacts at coastal nuclear 
power plants. Journal of Environmental Management, 2023. Mean near-outfall temperature increase 4.38 °C (95% 
CI 3.72–5.03 °C). 

[25] California Central Coast Regional Water Quality Control Board. NPDES Permit CA0003751, Diablo Canyon Nuclear 
Power Plant. Tentative Order R3-2026-0001. https://www.waterboards.ca.gov/centralcoast/ 

[26] California State Water Resources Control Board. Water Quality Control Plan for Control of Temperature in the 
Coastal and Interstate Waters and Enclosed Bays and Estuaries of California (California Thermal Plan). Resolution 
No. 75-89, 18 September 1975. 

[27] Normandeau Associates, Exponent, Tricas T, Gill AB. Effects of EMFs from Undersea Power Cables on Elasmobranchs 
and Other Marine Species. BOEMRE 2011-09. US Department of the Interior, Bureau of Ocean Energy 
Management, Regulation and Enforcement, Camarillo CA, 2011. 

[28] Hutchison ZL, Gill AB, Sigray P, He H, King JW. Anthropogenic electromagnetic fields (EMF) influence the behaviour 
of bottom-dwelling marine species. Scientific Reports, 2020; 10: 4219. DOI: 10.1038/s41598-020-60793-x 

[29] Kalmijn AJ. Electric and magnetic field detection in elasmobranch fishes. Science, 1982; 218(4575): 916–918. DOI: 
10.1126/science.7134985 

[30] Putman NF, Lohmann KJ, Putman EM, Quinn TP, Klimley AP, Noakes DLG. Evidence for geomagnetic imprinting as a 
homing mechanism in Pacific salmon. Current Biology, 2013; 23(4): 312–316. DOI: 10.1016/j.cub.2012.12.041 

[31] Scott K, Harsanyi P, Easton BAA, Piper AJR, Rochas CMV, Lyndon AR. Exposure to electromagnetic fields (EMF) from 
submarine power cables can trigger strength-dependent behavioural and physiological responses in edible crab, 
Cancer pagurus (L.). Journal of Marine Science and Engineering, 2021; 9(7): 776. DOI: 10.3390/jmse9070776 

[32] Tougaard J, Hermannsen L, Madsen PT. How loud is the underwater noise from operating offshore wind turbines? 
Journal of the Acoustical Society of America, 2020; 148(5): 2885–2893. 

[33] Stöber U, Thomsen F. How could operational underwater sound from future offshore wind turbines impact marine 
life? Journal of the Acoustical Society of America, 2021; 149(3): 1791–1801. 

[34] Szymanski MD, Bain DE, Kiehl K, Pennington S, Wong S, Henry KR. Killer whale (Orcinus orca) hearing: auditory 
brainstem response and behavioral audiograms. Journal of the Acoustical Society of America, 1999; 106(2): 1134–
1141. 



[35] Veirs S, Veirs V, Wood JD. Ship noise extends to frequencies used for echolocation by endangered killer whales. 
PeerJ, 2016; 4: e1657. DOI: 10.7717/peerj.1657. See also Miller PJO (2006), Journal of Comparative Physiology A, 
DOI 10.1007/s00359-005-0085-2; Holt MM et al. (2009), JASA, DOI 10.1121/1.3040028. 

[36] Mann DA, Popper AN, Wilson B. Pacific herring hearing does not include ultrasound. Biology Letters, 2005; 1(2): 
158–161. DOI: 10.1098/rsbl.2004.0241 

[37] National Marine Fisheries Service. 2018 Revisions to: Technical Guidance for Assessing the Effects of Anthropogenic 
Sound on Marine Mammal Hearing (Version 2.0). NOAA Technical Memorandum NMFS-OPR-59. Silver Spring MD: 
NOAA, April 2018. https://www.fisheries.noaa.gov/s3/2023-05/TECHMEMOGuidance508.pdf 

[38] International Maritime Organization. International Convention on the Control of Harmful Anti-fouling Systems on 
Ships (AFS Convention). Adopted 5 October 2001; entered into force 17 September 2008. MEPC.331(76) 
amendment on cybutryne, 2021. 

[39] Valkirs AO, Seligman PF, Haslbeck E, Caso JS. Measurement of copper release rates from antifouling paint under 
laboratory and in situ conditions. Marine Pollution Bulletin, 2003; 46(6): 763–779. 

[40] DNV-RP-B401 Cathodic Protection Design, Edition May 2021. https://www.dnv.com/energy/standards-
guidelines/dnv-rp-b401-cathodic-protection-design/ 

[41] Warner R. Precautionary Environmental Impact Assessments under the BBNJ Agreement: More than a Minor or 
Transitory Effect on the Marine Environment? Ocean Development & International Law, 2025. DOI: 
10.1080/00908320.2025.2563269 

[42] Voices of the Wetlands v. State Water Resources Control Board, 52 Cal.4th 499 (2011). California Supreme Court 
case S160211, decided 15 August 2011. 

[43] California State Water Resources Control Board. Statewide Water Quality Control Policy on the Use of Coastal and 
Estuarine Waters for Power Plant Cooling (Once-Through Cooling Policy). Resolution 2010-0020, adopted 4 May 
2010; effective 1 October 2010. 

[44] Council of the Haida Nation v. British Columbia, 2025 BCSC 1806 (5 September 2025). See also Haida Nation 
Recognition Amendment Act (British Columbia, royal assent 16 May 2024, effective 5 July 2024) and federal "Big 
Tide" Act (December 2024). 

[45] Sastry G, Heim L, Belfield H, Anderljung M, Brundage M, Hazell J, O'Keefe C, Hadfield G, Ngo R, Pilz M, Gor G, 
Bluemke E, Shoker S, Egan J, Trager RF, Avin S, Weller A, Bengio Y, Coyle D. Computing Power and the Governance 
of Artificial Intelligence. arXiv:2402.08797 [cs.CY], 13 February 2024. https://arxiv.org/abs/2402.08797 

[46] Shavit Y. What Does It Take to Catch a Chinchilla? Verifying Rules on Large-Scale Neural Network Training via 
Compute Monitoring. arXiv:2303.11341 [cs.LG], 20 March 2023. 

[47] Aarne O, Fist T, Withers C. Secure, Governable Chips: Using On-Chip Mechanisms to Manage National Security Risks 
from AI & Advanced Computing. Center for a New American Security / Institute for AI Policy and Strategy, January 
2024. https://www.cnas.org/publications/reports/secure-governable-chips 

[48] Egan J, Heim L. Oversight for Frontier AI through a Know-Your-Customer Scheme for Compute Providers. 
arXiv:2310.13625, 2023. 

[49] American Bureau of Shipping. Requirements for Nuclear Power Systems for Marine and Offshore Applications. ABS, 
Houston TX, October 2024. 

[50] Brett JR. Temperature tolerance in young Pacific salmon, genus Oncorhynchus. Journal of the Fisheries Research 
Board of Canada, 1952; 9(6): 265–323. DOI: 10.1139/f52-016 

[51] Eliason EJ, Clark TD, Hague MJ, Hanson LM, Gallagher ZS, Jeffries KM, Gale MK, Patterson DA, Hinch SG, Farrell AP. 
Differences in thermal tolerance among sockeye salmon populations. Science, 2011; 332(6025): 109–112. DOI: 
10.1126/science.1199158 



[52] Lee K-S, Park SR, Kim YK. Effects of irradiance, temperature, and nutrients on growth dynamics of seagrasses: A 
review. Journal of Experimental Marine Biology and Ecology, 2007; 350(1-2): 144–175. DOI: 
10.1016/j.jembe.2007.06.016 

[53] Rogers-Bennett L, Catton CA. Marine heat wave and multiple stressors tip bull kelp forest to sea urchin barrens. 
Scientific Reports, 2019; 9: 15050. DOI: 10.1038/s41598-019-51114-y 

[54] National Marine Fisheries Service. Southern Resident Killer Whale Critical Habitat Revision. 86 Fed. Reg. 41668 (2 
August 2021); effective 1 September 2021. FR Doc. 2021-16094. 

[55] Fischer HB, List EJ, Koh RCY, Imberger J, Brooks NH. Mixing in Inland and Coastal Waters. New York: Academic Press, 
1979. 

[56] Doneker RL, Jirka GH. CORMIX User Manual: A Hydrodynamic Mixing Zone Model and Decision Support System for 
Pollutant Discharges into Surface Waters. EPA/600/R-07/016. Washington DC: US Environmental Protection 
Agency, 2007. 

[57] McKinsey & Company. AI power: Expanding data center capacity to meet growing demand. 2024. 
[58] Mytton D. Data centre water consumption. npj Clean Water, 2021; 4: 11. DOI: 10.1038/s41545-021-00101-w 


