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Introduction
Low-field nuclear magnetic resonance (NMR) experiments are currently used in downhole logging applications for the characterization of petroleum reservoir fluids and determination of pore space characteristics of reservoir rocks such as porosity, pore size distribution (PSD), and permeability. There exists a disjunct in NMR measurements performed in the laboratory and the measurements performed in downhole logging operations at the same frequency. Of primary concern are the differing temperature and pressure conditions of the petroleum reservoir, which greatly varies petroleum fluid composition. These pressure-temperature-volume controls are particularly influential to fluid viscosity, gas solution ratio, and diffusivity of these fluids in porous media. 
The NMR response of fluids under pressure at logging NMR frequencies is poorly understood. Horvath and Millar (1991) and Kamatari et al. (2004) have performed NMR spectroscopy at higher magnetic field strength (3 Gauss) for protein studies. The difficulty of obtaining strong NMR signals at lower frequencies have limited studies of low-field NMR pressure response for pure fluid. We present how pressure, temperature effects and the presence of various gases in solution changes NMR fluid response. 
Methodology
[bookmark: _GoBack]T2 measurements for the NMR experiments were made with a low-field (2 MHz) MagritekTM NMR with data inversion being performed using Laplace non-negative least square fitting (Lawson and Hanson 1974; Buttler et al. 1981). T2 magnetic relaxation was acquired using Carr-Purcell-Meiboom-Gill (CPMG) pulse sequences (Carr and Purcell, 1954; Meiboom and Gill, 1958). Minimum signal-to-noise ratios of 150 and sufficiently long inter-experimental delay times and number of echos were collected until full decay of the magnetic signals were observed. An in-house developed pressure vessel was filled with fluid and sealed with Swagelok fittings. Nine electrical feed through lines through the Swagelok cap allowed us to collect simultaneous acoustic and electrical measurements under pressure. This vessel was placed inside of the NMR probe and connected to a pressure pump or pressurized gas cylinder to vary gas solution ratios at varying pressure steps. We studied two fluids: deionized (DI) water and mineral oil. The fluid were studied before and after vacuuming to remove gases. The samples placed in separate sealed containers without agitation in order to ensure maximum degassing at laboratory pressure before experiments. Pressurization occurred with a transfer vessel. 
Results 
The NMR logarithmic mean of the spectra (T2LM) results are shown as functions of pressure in Figure 1 for DI water (Figure 1a) and mineral oil (Figure 1b). T2LM in DI water is strongly pressure-dependent and shows large hysteresis with permanent change in T2LM after pressure. The mineral oil has lower T2LM values than DI water which are also pressure dependent but the effects are reversible.
Discussion
The effects observed for water are caused by the solubility of oxygen or CO2 in the water. This is supported by the T2LM results obtained after vacuuming the sample to remove residual atmospheric oxygen. Oxygen acts as a paramagnetic species in the presence of water and may reduce T2LM relaxation times with pressure due to its high solubility in water. Lower solubility of oxygen in mineral oil would explain why the relaxation rate of oil seems to recover systematically as pressure is decreased following pressure cycling. Current investigations of NMR response with differing fluid compositions and differing gases types in solution are being performed at varying pressure steps.  
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Figure 1. NMR T2LM values at different pressure steps without vacuum being applied in (a) De-ionized water where relaxation rate is not recovered during pressurization and depressurization cycles (b) Mineral oil where relaxation rate is recovered with pressurization and depressurization cycles.
Conclusions
Pressure effects on bulk fluids can cause significant shifts in the relaxation spectra in low-field NMR dependent on the amount of gas in solution. Such large shifts in fluid relaxation rate may be interpreted as smaller pore spaces or low fluid saturation in conventional logging interpretation. Thus, gas in solution needs to be quantified with low-field NMR studies for accurate reservoir characterization.
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