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Title: Advances in Downhole Sampling of High Temperature Solutions 

Authors: GK Bayhurst and DR Janecky (Los Alarnos National Laboratory,lNC-7, 

MS-J514, Los Alamos, New Mexico 87545) 

Abstract: 

A fluid sampler capable of sampling hot and/or deep wells has been 

developed at Los Alamos National Laboratory. In collaboration with Leutert 

Instruments, an off-the-shelf sampler design was modified to meet gas-tight and 

minimal chemical reactivitykontamination specifications for use in geothermal wells 

and deep ocean drillholes. This downhole sampler has been routinely used at 

temperatures up to 300oC and hole depths of greater than 5 km. We have tested this 

sampler in various continental wells, including Valles Caldera VC-2a and VC-2b, 

German KTB, Cajon Pass, and Yellowstone Y-1 0. Both the standard commercial and 

enhanced samplers have also been used to obtain samples from a range of depths 

in the Ocean Drilling Project's hole 5048 and during recent mid-ocean ridge drilling 

efforts. The sampler has made it possible to collect samples at temperatures and 

conditions beyond the limits of other tools with the added advantage of chemical 

corrosion resistance. 
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Introduction: 

To understand processes occurring in geothermal and scientific research drill 

holes the retrieval of fluids from the flow producing areas of the well is essential. 

Mixing of fluids and reaction with drill string in the borehole requires that sampling be 

accomplished as close as possible to the flow zone of interest. Attempts to sample a 

Continental Scientific Drilling Project (CSDP) well at the Salton Sea geothermal field 

and other high temperature geothermal wells demonstrated the need for downhole 

samplers that could withstand more corrosive conditions at elevated temperatures. 

Improvements identified to meet geochemical and operational constraints 

were the following. The sampler had to operate at temperatures up to at least 35OOC. 

It had to be minimally reactive with the fluids to be sampled, such as hot, highly 

concentrated brine. To collect solution samples without flashing and perserve 

volatile gas contents, the specifications required flow-throug h deployment and gas- 

tight seals after closure. To enable the widest variety of geochemical measurements 

on the recovered samples, an internal volume of approximately one liter was 

specified. In addition, to allow use in geotherma.1 and scientific wells a slim-hole 

design with independent, temperature hardened, slickline operations was desired. 

A commercially available sampler was identified as the starting point for the 

development of such a sampler so that we could move quickly into field testing and 

geachemical measurements. Leutert Instruments, Inc. sampler model PLN-30 came 

the closest to meeting our criteria due to its non-electrical operation and flow through 

design. Other commercial samplers using sample chambers under vacuum or 

electrical inputs such as Kuster and Schumberger were evaluated to identify 

important features or potential modifications for our use, but were not selected for the 

2 



basic enhanced design based on the criteria for sampling volatile species. A 

sampler used successfully at Salton Sea developed by Lawrence Berkeley 

Laboratory (LBL) (Solbau, 1986) using a flow-through design, triggered by electrical 

input from the surface demonstrated initial feasibility of obtaining some of our goals. 

Sampler Design and Modifications: 

The Leutert sampler is a flow-through sampler with a volume of one liter (Fig. 

1 ). The standard Leutert sampler is constructed of 31 6 stainless steel and has a 

diameter of 3.8 cm and is 3.22 meters long, inchding clock housing. Examination of 

available materials for maximizing corrosion resistence while maintaining structural 

strength and reliability of the sampler resulted in selection of the titanium Beta-C 

alloy. Laboratory experiments to examine corrosion of this material in anologue 

geothermal brines at elevated temperatures con;iirmed this selection, revealing only 

minor reorginazation of the surface grain structure. All valve parts and sample 

chamber were made from Beta-C titanium. The outside diameter of the titanium 

version was increased to 4.7 cm to achieve an internal pressure rating of 10,000 psi. 

The length remained at 3.22 meters, but the volume dropped to 990 ml. The slim 

design of the sampler allows sampling of wells dlown to about 5.65 cm in diameter. 

Sample enters through the bottom nose cone, flows through the sample 

chamber, and exits just past the upper valve out exit ports (fig. 2). Screens in the 

nose cone and at the exit ports exclude large pai.ticles from entering the sampler. 

The sampler valves are driven on each end by external springs that are compressed 

and held in possition during deployment by a latching and trigger mechanism. 

Triggering is generally accomplished using a mechanical clock mechanism integral 

with the sampler, however, in shallow, cool wells a jarhead release mechanism can 
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be.substituted for the clock. The clock mechanism is housed in a separate case, 

isolated from the well fluids. When the clock reaches its preset time, it releases a 

trigger and the latching mechanism holding the springs, which allows the valves to 

be pulled closed. The valves use cone shaped plungers that seal against an 

elastomer seal (fig. 3). Following test results in wells that have a high concentration 

of suspended solids, a Leutert sandy-oil valve design has been implemented (fig. 3). 

Two ridges, machined on the surface of the valve plunger, allows for a more knife 

edge type seal in this design. Not only is this seal less sensitive to particulate 

fouling, but by indenting into the seal material it ialSO increases the seal strength and 

ability to withstand differential pressures. 

Standard Leutert O-rings and cone seals were lower temperature elastomers, 

composed of either Viton or Teflon. Such seals are reliable to 20OoC. We have 

replaced the standard seals and O-rings by the high temperature material EDPM. 

These seals allow the sampler to be used to temperatures at least as high as 35OOC. 

Where original O-ring seals were backed up by a split ring Teflon seal, this ring was 

eliminated because it would not withstand higher temperatures. 

The sampler is triggered by mechanical means, avoiding the need for any 

electrical input to activate a closing mechanism. This eliminates problems seen with 

electrical logging cables and components that occur when temperatures are above 

25OOC. Also, the operation of this sampler is sirnplified in that a cable winching 

method can be used to lower the sampler in to the well. A simple slick wire line or 

wire rope is all that is needed, improving fieldability in difficult or remote sites by 

eliminating the need for the more expensive and cumbersome conductive cables. 

The triggering mechanism is activated by clocks that have a range of up to ten hours. 

To avoid binding caused by dissimilar material expansions, clocks made of entirely 
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of Stainless steel were fabricated for use at high temperatures to replace the brass 

and steel low temperature clocks. 

During testing and development of the tocd (see below), retrieved 

hydrothermal fluid samples were observed to be higher than that theoretically 

calculated (Goff et.al., 1990; Lysne, in press 199.1 ). Excess of up to several percent 

have been observed. Such results have been identified as due to inability of the 

valve and spring system to maintain a seal against differential pressures produced 

when a hot, low-density solution is retrieved through the overlying lower temperature 

well. As the sample cools within the tool, contraction lowers the internal pressure 

faster than the external pressure decreases. Excess fluid can enter the sampler 

when the differential pressure on the valves exceeds the total strength of the valve 

system. This behavior should occur in any tool which relys on spring tension to 

maintain sample integrity, but has only been unequivically identified in static, single 

phase geothermal wells. To guard against such unintentional opening of the valves 

following closure, locking collets have been insta,lIed (fig. 3). The collet system is 

intended to lock the springs in place and is presently being tested. 

Our sampler design criteria included unfractionated sampling and 

preservation of volatile gas composition. Extraction of samples from the tool has 

been developed to allow characterization of both fluids and gases from the contained 

sample, while accounting for the effects of phase separation in the tool during 

retrieval and cooling at the surface. After measuiring the internal pressure of the 

sampler, aliquots of dissolved gases are drawn off into sample bottles on a manifold 

(fig. 4). Several stainless steel sample bottles each having a volume of 10 c.c can be 

attached to the manifold to provide redundant samples and system blanks. 

Generally, these gas sample bottles are filled from the separated gas portion of the 
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sampler. Subsequently, the liquid portion of the sampler is extracted. Techniques 

used to collect the liquid vary, depending on the geochemistry of the solution and the 

level of analyses intended. Simply opening both valves allows the sample to be 

collected, however, if dissolved gases in the liquid are to be analyzed or the sample 

is sensitive to oxidation, more involved proceedures must be used to limit losses of 

components or oxidation by atmospheric oxygen. 

Sampler Testing and Applications: 

This development program has involved testing and application of the tools to 

sampling geothermal fluids in a variety of wells over the past five years. Initial tests of 

the stainless steel commercial tool involved wells VC-1 (1 25oC, 428m) and AET-4 

(1 40oC, 121 1 m) in the Valles Caldera, New Mexico, the Shadey Rest corehole 

(200oC, 300m), Long Valley, California, and the Cajon Pass corehole (125oC, 

3353m), California. Flowing geothermal solutioris were sampled from corehole VC- 

2a (210OC, 489m) at Sulphur Springs, Valles Caldera, New Mexico using a version 

of the commercial tool modified for elevated temperatures. Both the commercial 

stainless steel and high-temperature titanium samplers were used in the Baca 3 well 

(195OC, 488m), Valles Caldera, New Mexico. These tests were used to define the 

optimal setup for valve/seat combinations to operate in relatively clean to sandy/dirty 

downhole conditions. Multiple samples taken from a range of depths in the VC-2b 

corehole (295oC, 1753m), Valles Caldera, New Mexico, resulted in definition of 

sample integrity problems and valve modificatioris to include collets. The sampler 

was also used successfully in a lower temperature system with a thick polymer 

drilling fluid in the KTB corehole (120oC, 3203m), Germany. Most recently, both 

stainless steel and titanium samplers have been used on Ocean Drilling Project legs 

to sample hydrothermal fluids. 
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C o.n cl us i o n s 

While down hole sampling for geothermal fluids in corrosive and high 

temperature environments remains near or at the edge of current technology, the 

samplers developed through our collaboration with Leutert Instruments have worked 

very successfully. Continued enhancement of tciol performance presently in 

progress includes modifications to lock the valves after firing to avoid check valve 

behavior during retrieval. The existing LANL high-temperature, titanium slimhole 

sampler is allowing us to sample geothermal systems or wells that have been difficult 

or impossible to test with previous technology Successful sampling of these 

boreholes is required for a complete understanding of processes occurring in 

hydrothermal systems of interest for energy and materials resources. 
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Figures 

figure 1 Overall sampler system. 

figure 2 Flow through sampler cross-section illustrating organization of valves, 
sample containment body and release mechanism. 

figure 3 Detailed section of valve system and the sandy oil valve structure. 

figure 4 Gas and fluid sample extraction manifold. 
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