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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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These rough, "back of the envelope" estimates originated in a request 

by R. Schroeder, then Principal Investigator of the LBL-GRI agreement, in 

the early stages of that joint venture. 

At that time the question was whether we needed to design for 20000 psi 
;-"- :-

internal pressure when the sampler was brought to the lubricator and cooled 

to =70-80oF before removing the sampler. The downhole constraints where 

PD = 20000 psi, TJf 400Op. 

For the purpose of these quick estimates, I ignored the complications 

posed by dissolved solids and lesser noncondensib1e gases and considered 

an idealized system composed only of water and methane. Using Haas's (1978) 

correlation I found a methane solubility of 14390 ppm at 4000 F and 20000 psi. 

I further assumed, following the general consensus, that the downhole fluid 

is a liquid (no gas phase present), saturated solution. 

Neglecting leaks and thermal expansion effects, the composition and 

molar v.o1ume of the fluid in the sampler are constant. 

The liquid molar volume is 

I approximate 

since 

vL ~ x v L + X
2
v

2
L 

.1 1 
(1) 

(2) 

(3) 
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and V2
L is of the same order of magnitude of v1

L at conditions far from those 

correspon~ing to. the critical point of water. 

The gas molar volume is 

"c"'y1v1
G + y2v2

G (4) 

At the low temperatures considered (~200C) 

Y « Y 1 2 
(5) 

Therefore I estimate 

(6) 

Due to its high molecular symmetry, methane can be expected to behave 

as a fairly ideal gas, even at considerably high pressures. Thus I approximate 

At the final sampler temperatures considere~ the isochoric, closed 

water-methane system consists of two (liquid and gas) coexisting phases. 

From the isochoric condition, (2) and (3), the gas volume is approximately 

(8) 

The molar volume of the gas is, from (5) and (6) 

(9) 

Conservation of mass then implies 

(10) 
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Given ~D' vD and T, (7) and (10) can be simultaneously solved for P. 

I have done this iteratively by hand for two "finar' sampler temperatures: 

20 and 930 C (68 and 2000 F). The compressed water molar volume v1L(P, T) 

was computed 'from the Keenan and Keyes Steam Tables. The number of iterations 

required for convergence was less than 6 in both cases. The results where 

P(200 C) ~ 300 bars - 4350 psi, and P(930 C) ~ 560 bars = 8120 psi. 

These results are estimates of the maximum differential pressures 

to which the sampler would be subject if the lubricator pressure were released 
respectively. 

at 680 F and 200oF/ • Assuming approximate thermal equilibrium of the sampler 

with the wellbore and lubricator fluids, the differential pressures on the 

fluid-surrounded sampler will be smaller. 

The main conclusions drawn from the present estimates are: 

(a) It is unnecessary to design the sampler to withstand 20000 psi; 

substantially lower pressures should be considered. 

(b) Cooling the sampler to approximately ambient temperature before 

, recovering and fluid transfer will significantly minimize 

personal and material risks. 
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NOMENCLATURE 

variables: 

n: mole number 

P: pressure 

R: ideal gas constant 

T: temperature 

V: volume 
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v: molar volume 

x: mole fraction in the liquid phase 

y: mole fraction in the gas phase If 
'0 

A: mole fraction of methane in the system r 
SUPER- AND SUB-INDEXES 

D: downhole conditions. 

G: gas phase 

L: 1iquid'phase 

1: water 

2: methane 
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