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Jack D. Powers, P.E. 
P.O. Box 26522 

Salt Lake City, Utah 84126 
(801) 972-4920 

USE OF CONTINUOUS SLIM HOLE WIRELINE CORING SYSTEMS 
ON THE SALTON SEA SCIENTIFIC DRILLING PROGRAM (SSSDP) 

The following topics are the subject of discussion in this report. 

1. SUMMARY COMPARISON OF CONVENTIOllAL VERSUS COnTIUUOUS 
WIRELINE CORING 

2. ENGInEERING AND CONCEPTUAL DESIGN BASIS FOR THE 
EVALUATION 

3. WHAT ARE TIIE DESIGN AND OPERATInG FEATURES OF 
CONTIlmOUS WIRELINE CORING? 

4. \V'HAT TECHNICAL OR PRACTICAL LIMITATIONS ARE INVOLVED 
FOR SAFE COMPLETION OF A HOLE SUCII AS THE SSSDP? 

5. WHAT ADAPTATIONS OR BREAKTHROUGHS WOULD BE REQUIRED? 

6. WHAT SORT OF DEVELOPHEUT PROGRAH \-lOULD BE REQUIRED, 
WHAT ARE ITS ESTIMATED COSTS, AND DEVELOPMENT TnfETABLE? 

7. A SHORT REVIEW OF U. S. CONTumous \HRELINI: CORE 
DRILLING CONTRACTORS THAT HAVE PARTICIPATED IN CORING 
IN GEOTHERMAL ENVIRONMENTS 

8. A REVIEH OF LONGYEAR' S NUllO, 000 FOOT DRILL RIG 

9. COMPARATIVE COST OF DRILLING AIID CORInG FROH 6, 000 TO 
10, 000 FEET USING TIm COllVENTIOtlAL OIL FIELD ROTARY 
HETHOD AND CONTINUOUS WIRELINE CORING HETHOD 

10. CONCLUSIONS 
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1. SUMHARY COMPARISON OF CONVENTIONAL VERSUS CONTINUOUS WIRELHm CORInG 

A. Core Versus Cost 

Conventional 
Rotary 

Continuous 
Wireline 

Probability of reaching 10,000 ft Very high (95%+) Low (50%) 

Potential core recovery 
(30 ft cores/60 ft cores) 

Core diameter 

Estimated time to drill from 
6,000 to 10,000 ft 

Estimated cost* 

800/1,600 4,000 

4 in. 2.5/1. 7 in. 

65 days 64 days 

$576,000 $810,400 

*Includes rig, fuel, mud, drilling tools, casing and cement. 

B. Additional Requirements for 
Continuous Wireline Coring 

1. Extra mobilization and demobilization 
2. 25 to 30 ft high substructure lease required 
3. 5 in. casing (6,000 ft) and cement (250 ft minimum) 
4. 4 in. casing (7,500 ft) and cement (2,750 ft minimum) 
5. 3,750 ft of 101 mm drill rod expended 
6. 5,000 ft of 76 mm drill rod expended 

C. Dimensional Limitation of 
Continuous Wireline Cored Well 

1. 2.98 in. diameter wellbore is inadequate for Kennecott flot~ test 
(5 in. minimum is required). 

2. Sandia's temperature, pressure, and flow logging tool (3 in. 
diameter, 8 ft length) can be lowered only to 7,500 ft 

3. Los Alamos' fluid sampler (3.5 in. diameter, approximately 10 ft 
length) can be lowered only to 7,500 ft before 4 in. casing 
(3.476 in. ID, 3.351 in. drift) is set and can not be put down the 
hole at all after the casing is set. 

4. Placing the 5 in. and 4 in. casing strings in the tlell, especially if 
they must be cemented to the surface, seriously limits any options 
Kennecott might wish to exercise for latter commercialization of the 
well or for the science groups to test drilling or logging tools. 
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D. Technical Features of Continuous Wireline Coring 
Creating Engineering Concern and Requiring Further Study 

Small flml rates (small flo\1 annuli) and no flo\1 during core retrieval 

could have the following effects: 

o Limit cooling effectiveness and encourage metal 
corrosion and fatigue failure. (Frequent inspection of 
drill rods will be required to identify and remOve 
damaged or cracked rods. Half of the 101 mm and 76 mm 
drill rod strings are expected to be scrapped at the 
completion of the job. The core retrieval cable may 
have to be replaced during the job.) 

o l-lellbore temperatures near the surface may get high 
enough during extended periods of no circulation to 
create a high potential for flashing, requiring the use 
of a core unloading chamber at the surface. Core 
retrieval rates might have to be reduced as well. 

o Cuttings removal could be ineffective, resulting in 
frequent sticking of the drill string 

o Relat i vely small zones where the formation took fluid 
could result in lost circulation. The typical 
materials pumped dovn the drill stem bore to block off 
the formation and reestablish circulation could clog 
the annuli in the continuous wireline coring system 
instead. 
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2. ENGINEERInG AND CONCEPTUAL DESIGn BASIS FOR TIlE EVALUATIOn 

The base case used in the analysis is that the well would be completed to 

6,000 ft by conventional rotary drilling and coring. Bechtel estimates 

that this point would be reached in early Uovember. Continuous l-lireline 

coring would then ensure using the Longyear HD600 system. One of these 

rigs has been built for export to South Africa. Longyear has indicated 

that they would build a second of these rigs were they to receive an 

award for the job and believe they could have it operational in about 2 

months. The mast is 80 ft, enabling the rig to handle triple stands 

(60 ft) of drill rod. Core length would be 20 ft. The substructure is 

only 8 ft high. The hoist capacity is 85,000 lb, but the limiting load 

handling capacity is that of the drill string feed control system which 

is 60,000 lb. 

The specifications of the drill rods and core barrels are shown in 

Table I, reproduced from the most recent Longyear brochure. These are 

the "standard" sizes used in the industry. 

Table I 

Specifications 
Metric English 

CHD76 CHD 101 CHD 134 CHD 76 CHD 101 

Hole Diameter (Regular) 75.7 mm 101.3 mm 134.0 mm 2.980 in 3.990 in 
Core Diameter 43.5 mm 63.5 mm 85.0 mm 1.713 in 2.500 in 

Drill Rod 
Rod 00 70.0 mm 94.0 mm 127.0 mm 2.754 in 3.701 in 
Rod Joint 10 55.0 mm 78.5 mm 104.8 mm 2.165 in 3.091 in 
Rod Midbody 10 60.3 mm 83.0 mm 114.3 mm 2.375 in 3.268 in 
Rod Weightl3 m 25.2 kg 40.6 kg 69.7 kg 55.61b 89.51b 
Rod Joint Pre·Torque 2034 Nm 3390 Nm 4070 Nm 1500 Ibl It 2500 Ibl It 
Thread Length 50.8 mm 50.8 mm 73.0 mm 2.0 in 2.0 in 
Depth Rating 2750 m 3050m 3050m 9000 It 10,000 It 

Core Barrel 
Outer Tube 00 73.0 mm 98.4 mm 127.0 mm 2.875 in 3.875 in 
Outer Tube 10 57.2 mm 79.4 mm 104.8 mm 2.250 in 3.125 in 
Inner Tube 00 50.8 mm 73.0 mm 95.3 mm 2.0 in 2.875 in 
Inner Tube 10 45.3 mm 66.9 mm 88.9 mm 1.781 in 2.635 In 

CHD rods are available in 1.5 m, 3 m, 4.5 m and 6 m lengths, or 10 It and 20 It lengths. 
Standard core barrel lengths are 3 m and 6 m. Special length on request. 
Note: 1. Specifications are subject to tolerances and are therefore approximate. 

2. Depth ratings are based on straight, vertical, clean, fluid· filled holes. 

4 

CHD t3. 

5.250 in 
3.344 in 

5000 in 
4.125 in 
4.500 in 
153.91b 

3000 Ibl It 
2.875 in 
10,000 ft 

5.000 in 
4.125 in 
3750 in 
3.500 In 



(A special 6-3/4 in. drill rod was fabricated for Norton-Christensen 

several years ago for use on a hazardous waste injection uell in Nevada. 

The project was cancelled and the 3,000 ft of rods were never used. The 

small quantity available and high weight of approximately 25 lb/ft makes 

it unusable for the SSSDP). 

The weight of the drill rods, the maximum length of drill string that 

could be used on the Longyear rig, and the associated costs are shoun in 

Table II. 

Table II 

Maximum string Cost 
Lb/ft for length at per 

Drill Rod Type 20 Ft. Rods 60,000 1b* Foot 

CUD 134 13.10 4,800 $27.50 

CIrD 101 8.53 7,400 $20.10 

C~ 76 5.56 11,300 $14.20 

* Bouyancy factor = 0.859 for 9.2 1b/ga1 mud; Drag 10% 
** To 10,000 ft 

Cost 
for 
String 

$132,000 

$149,000 

$142,000** 

The 60,000 lb weight limit precludes use of the 134 mm (5 in.) drill rods 

in the SSSDP well. Coring would have to be started at the 6,000 ft 

casing point to about 7,500 ft with the 101 mm (3.875 in.) drill rods, 

switching to the 76 mm (2.875 in.) drill rods from there to total depth. 

If the 101 mm string got permanently stuck before reaching the 7,500 ft 

limit, the 76 mm string would be inserted through the 101 mm string, the 

101 mm drill head reamed out, and coring continued on until the 76 mm 

string reached total depth or got stuck. Using the Longyear rig, and the 

101 mm and 76 mm strings, the driller could only get permanently stuck 

twice before operations uould have to be discontinued or side tracking 

the hole attempted. 

Other coring rigs with ueight capacities suitable for using the 134 mm 

(5 in.) drill rods from 6,000 ft to total depth exist in the United 

States and could be outfitted for use on the SSSDP if suitable time were 
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available. Tonto Drilling, one of the leading independent wireline 

coring contractors, expressed interest in this alternative. It would 

take them about four months to locate, overhaul, and be ready to mobilize 

such a rig. If Bechtel could award a contract for continuous wireline 

coring by September, the larger rig would not be ready until January, two 

months later than required. Being able to start coring with the 134 mm 

and to run both that and the 101 mm string to total depth would have been 

a much preferable position to be starting from on this first-of-a-kind 

application for continuous wireline coring. 

The conceptual design for a coring program using the Longyear rig is 

sholm in Figure 1. In summary, a 5 in. casing would be installed from 

the surface to 6,000 ft to guide and support the 101 mm string. At a 

minimum, the bottom 250 ft (5,780 ft well depth) would have to be 

cemented in to provide blowout protection. Ideally, it would be 

cemented to the surface. Uith only 250 ft cemented, the 9-5/8 in. BOP 

stack would be kept in place as a precaution during the continuous 

wireline coring operation. The 5 in. casing would be set by the rotary 

drilling contractor just prior to demobilization and move out. At 

7,500 ft, a 4 in. casing would be cemented back to 5,750 ft to guide and 

support the 76 mm string. The 4 in. casing string would be set using the 

coring rig. If the 10,000 ft target depth t-lere reached, the final well 

configuration would have 7,500 ft of 4in. (3.476 in. ID, 3.351 in. 

drift) cased hole and 2,500 ft of 2.980 in. open hole. 

The combination of the 9-5/8 in. BOP stack and the BOP for the coring 

strings would be about 30 ft tall. The Longyear rig would have to be 

mounted on a substructure at least 25 ft high. This would require that a 

suitable substructure be fabricated or leased from a rotary drilling 

contractor willing to idle his rig during the coring period. 

During coring, the annuli between the drill string and the borehole and 

the core barrel and the core retrieval tube are quite small. As shown in 

Figure 1, Section A-A' and B-B', the dounflow annulus on the 76 mm system 
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ESTIMATED 

FORMATION 

TEMPERATURE 

380 0 F 

580 0 F 

655 0 F 

660 0 F 

675 0 F 

100 FT 

1,500 FT 

3,000 FT 

·5,750 FT 

A 

6,000 FT 

7,500 FT 

715 0 F 
TARGET 10,000 FT 

KEY: 

O· .... ..... CEMENT SCHEMATIC WELL DESIGN 

I ( NOT TO SCALE) 

FORMATION 

•• 
". 

. 
to· .... . ...... .... . 

A 

CORE 1.713 IN. DIAMETER 

MUD CIRCULATION ANNULUS. 

(DOWN FLOW) 

AREA - 0.83 SQ IN. 

36 IN. HOLE 

30 IN. CONDUCTOR 

118 LB / FT PLAIN END 

26 IN. HOLE 

20 IN. SURFACE CASING 

94 LB / FT K· 55 BUTRESS 

17 1/2 IN. HOLE 

, 
13 3/B IN. INTERMEDIATE CASING 
68 LB / FT C· 95 BUTRESS 

121/4 IN. HOLE 

95/8 IN. ~RODUCTION CASING 

47 LB / FT C· 95 BUTRESS 

5 IN. GUIDE CASING 

4 IN. GUIDE CASING 

3.99 IN. BOREHOLE 

C H D 76 DRILL ROD 

2.98 IN. BOREHOLE 

1.71 IN. CORE, 20 FT. LENGTH 
I 

MUD CIRCULATION ANNULUS 

( RETURN) 

AREA = 0.45 So. IN. 

NOTE: 

SECTION B - B 

CROSS SECTION THROUGH CORE 

BARREL WITH CORE IN PLACE 

CH076 mm DRILL SYSTEM 

(FULL SIZE) 

BOREHOLE DIAMETER 

2.980 IN. I.D. (75.7 mm) 

CORE BARREL 

2.875 IN. O. D. 

2.250 IN. I. D. 
0.3125 IN. WALL 

THICKNESS 

CORE RETRIEVAL TUBE 

·2.000 IN. O. D. 

·1.781 IN. I. D. 
0.110 IN.WALL THICKNESS 

THIS CONFIGURATION WOULD OCCUR DURING CORING FROM 7,500 FT. TO FINAL DEPTH. 

·FORMATION TEMPERATURES RANGE FROM 675 0 F TO ABOUT 715 0 F IN THIS INTERVAL. 

MAXIMUM CIRCULATION RATES FOR COOLING AND CUTTINGS REMOVAL ARE LIMITED TO 

ABOUT 15 gpm., PASSING THROUGH AN EQUIVALENT TUBULAR FLOW AREA, SHOWN. 
ABOVE TO THE LEFT. DURING CORE RETRIEVAL, CIRCULATION IS NORMALLY STOPPED. 

- F'IGURE 1 

SALTON SEA SCIENTIFIC DRILLING PROGRAM 

WELL CONFIGURATION IF CONTINUOUS WIRE LINE CORING 

-
IS USED FROM 6,000 FT. TO 10,000 FT. INTERVAL 
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FpR CORING FROM 7,500 FT TO TOTAL DEPTH 

4.000 IN. O. D. 
3.476 IN. I. D. 

0:262 IN. WALL THICKNESS 

CHD 76 DRILL ROD AT ROD JOINT 
j 

2;754 IN. O. D. 
2.165 IN, I. D. 

0;295 IN. WALL THICKNESS 
I . 

MIDBODY - 2.375 IN. O. D. 

2.165 IN. I. D. 

0.105 IN. WALL THICKNESS 

CORE RETRIEVAL TUBE 

2;000 IN. O. D. 
1.781 IN. I. D. 

0.110 IN. WALL THICKNESS 

CROSS SECTION THROUGH 5,750 FT TO 6,000.FT INTERVAL 
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RETRIEVING CORE IS NOT PRACTICAL. IN ADDITION, THERE IS A POTENTIALLY 

DifFICULT CEMENT JOB BETWEEN THE 5 IN. AND 4 IN. GUIDE CASING STRINGS . 

FIGURE 1 ( CONTINUED) 



is 0.125 in. (total areas for flow = 0.83 in.
2

) and the return annulus 

LS 0.05 in. (total area for flow = 0.45 in.
2

) until entering the final 

6,000 ft where it increases to 0.72 in. (total area for flow). 

Typical circulation rates used by Longyear while coring are 7 to 10 gpm, 

with a practical maximum of about 15 gpm. A calculated pump pressure of 

approximately 600 psi would be required for 15 gpm flow in the well as 

shown. Theoret ically inc reasing the flow to 25 gpm would requi re a pump 

pressure of about 1,500 psi. At 50 gpm, the pressure requirement would 

Lncrease to about 6,500 psi. The maximum rating on the standard Longyear 

pump is 35 gpm @ 1,000 psi. During core retrieval, circulation is 

normally stopped. Round trip time at 9,000 ft., for example, LS 

estimated at 130 minutes, under normal circumstances. During this 

period, the drill string would be exposed to formation temperatures and 

any brines which entered the well bore. 

The average expected coring rate from 6,000 to 10,000 ft is estimated at 

about 2.6 ft/hr, based on total time from mobilization to demobilization, 

and about 3.25 ft/hr when coring. If the core retrieval rate must be 

reduced to control downhole flashing, the average coring rate would have 

to be adjusted downward. 
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3. WHAT ARE THE DES IGN AIID OPERATmG FEATURES OF CONTInuous 
WIRELUfE CORING? 

A. Potentially 100 percent of the hole is cored. 

B. A relatively large core is taken compared to hole size, 

generally resulting in a very good percentage of core 

recovery in most rock formations. For example, with 

101 mm system holes size (3.895 in.) core size is 2.500 

in. or for 76 mm system holes size (2.980 in.) the core 

size is 1.713 in. 

C. In harder formations, much faster core penetration 

rates result because of the narrow kerf of the diamond 

bit. 

D. Very accurate feed control and high rotator speeds 

(500 - 750 rpm) increase core recovery and penetration 

rates while coring. 

E. Core is extracted by pulling the inner barrel laden 

with core through the string of pipe to the surface 

with a wireline. This allows for almost immediate 

review of the recently cored material, and since the 

rods do not have to be removed each core trip, there is 

less chance of hole deterioration. Because it is easy 

to pull and check core in the inner tube, a core 

blockage or short run can be easily tripped to the 

surface and checked rather than continuing the run and 

losing core. Continued grinding of a broken core 

decreases bit life, core penetration rates, and most 

important reduces core recovery. 
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F. Because of the system's small size and weight, it 

requires much less rig horsepower, both in hoisting and 

rotating, and has smaller fluid systems requirements. 

Hence, rigs are generally much smaller in physical 

size, and in most cases the rigs are run with much 

smaller crews. However, in the case of the SSSDP, the 

crew size could be almost as large as on a conventional 

oil rig. 

G. The thin walled drill rods (0.25, 0.129, and 0.19 in.) 

and small annuli (0.125, 0.145, and 0.113 in.) reflect 

a design optimization for coring in crystalline rock 

for minerals explortation. Under these circumstances, 

the borehole supports the drill string and provides 

stability. The smooth, nonpermeable borehole wall 

efficiently conducts the cuttings to the surface with 

little or no fluids loss to the formation. 
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4. WHAT TECHNICAL OR PRACTICAL Lll1ITATIONS ARE INVOLVED FOR 
SAFE COHPLETION OF A '-lELL SUCH AS THE SSSDP? 

A. One-Way Valves. A wireline drill rod string is open 

from the coring bit to the circulation swivel; there 

are no one-way fluid valves in the pipe string as would 

be used in conventional systems. This eliminates one 

of the normal safety features. Careful planning and 

management of well control would be required. 

B. Pipe Wear and Corrosion. The continuous wireline 

coring system relies on high alloy (4130 heat treated 

tool joint, tensile strength 125,000 psi and 1035 or 

4130 mid body, 90,000 psi) for high strength with low 

weight. Thin wall tubing with thicknesses from 0.188 

to 0.219 in., do not lend themselves to exterior wear, 

stress cracking, and corrosion that will likely occur 

in the high temperature, saline environment. Drill rod 

failure may be considerably more frequent then in 

non-geothermal wells, in spite of best efforts to 

inspect frequently. 

C. Poor Well Cooling. While retrieving core, circulation 

is normally stopped, allowing the stagnant wellbore 

fluids to heat up and cuttings to settle out. As the 

hole gets deeper, you will be spending more time 

retrieving the inner tube laden with core than will be 

spent coring a 20 ft run. Continuous fluid circulation 

while extracting core through the string is highly 

desirable, but may not be physically possible. At 

9,000 ft, circulation could be interrupted 130 minutes 

or more. Table III is an estimate of time required for 

making a complete core cycle in a 9,000 ft hole. At 

temperatures approaching 700°F, the strength of the 

drill rods decreases about 10 percent. Some additional 

development and planning must be 'wrked out to 

accommodate this condition. 
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Table III 

a. Insert core retrieving overshot 

o - 9,000 ft 

b. Retrieving inner tube with core 

9,000 - 0 ft 

c. Inserting new inner tube and 
circulating to aid drop time 

o - 9,000 ft 

d. Adding pipe connections and 
disconnecting extras 

30 min 

40 min* 

40 min 

20 min 

Total Time = 130 min 

Time spent pumping inner tube -40 min 

Time lJhen hole is not being circulated 90 min 

Estimated Core Time per 20 ft 
core run 60 min 

The 90 minute period where there is no 
circulation could present hole problems due to 
not moving the fine cuttings to surface plus not 
continuing to cool with circulating fluid. 

* Assumes approximately 200 ft/min retrieval rate. 

D. Mud Cleanup System. Because of the very small annulus between 

hole and drill pipe, low fluid volumes are used (about 15 gpm 

maximun for the 76 mm string). Additional fluid volume at depth 

only increases fluid pressure and could direct fluid into the 

formation, rather than up the hole. Reverse circulation may have 

the same effect. When circulation is stopped during core 

retrieval, cuttings may settle out of the mud column and 

accumulate in the bottom of the hole. It becomes very important 

to get these cutting out of hole and that the mud and fluid 

systems do not break dovn at the temperatures and pressures 

expected. The use of desilters and deslimers plus large return 

mud tanks would be a must to minimize the chances of differential 

sticking of the drill pipe. 

13 



E. Supplementary Cooling Options. It may be necessary to supercool 

all fluids entering the hole, plus use larger return tank-system, 

cooling tower or heat exchanger to aid in cooling before reentry 

to the hole. These large tanks might also be used to reduce 

solids in the return fluid. 

F. .!!.2S Embrittlement. There is a possibility of hydrogen (II2S) 

embrittlement, which could adversely affect the wireline and 

drill rod. They are already at a lo\ver factor of safety at total 

depth of 2 to I, whereas conventional API pipe has a 3 to 1 

factor of safety. H2S may not be encountered, however, because 

of the amount of free metal ions in the brine. But since this 

type of drill pipe has never been used in this environment, at 

this depth, H2S should be carefully monitored. 

G. Small Retrieval Cable. The continuous wireline coring system 

relies on a small diameter cable (3/16 in., 0 to 3,000 ft, 

1/4 in., 0 to 5,000 ft, 3/8 in., 0 to 10,000 ft) to retrieve 

core-laden inner barrel from the bottom of the core hole. This 

means that the lvireline cable is subjected to the effect of brine 

as well as very high temperature. It may not be a major problem, 

but it is another consideration that must be planned for and 

constantly watched, in an effort to reduce rope failure that 

could shut down the core drilling process. 

n. Core Barrel Life. Continuous wireline core barrels and 

associated parts do not seem to present any additional problems 

that would not exist with the conventional or field core 

barrels. There are ho\vever, more mechanical lvorking parts to be 

considered, even though these barrels have functioned well in the 

shallotl geothermal holes. Corrosion and abrasion could present 

the major problems with these systems and would require the 

operator to replace parts more often or set specific maximum 

footage or rotating time limits for each complete core barrel. 

14 



I. Bit Life. Diamond bits used in continuous wireline coring 

systems at the temperatures in question appear to be state of the 

art. All diamond bit manufactures questioned do not view 400°C 

as a major problem. 

J. Logging Tool Diameters. Fluid sampling, wireline logging, 

temperature measurements and flow information can be gathered 

through the 134 mm and 101 mm boreholes. The 76 mm (2.98 in.) 

borehole may restrict the use of larger tools. However, through 

the drill string logging has not been done at the depths or 

temperatures in question by a continuous wireline core contractor 

to date. 

K. Blow-out Preventors. Continuous wireline contractors have used 

blow-out preventors (BOPs) in the past, and their use is not 

envisioned as a problem. Hm.ever, the availability of smaller 

specialty BOP's may be limited. 

L. Directional Control. The core-drilling industry over the years 

has been able to maintain hole straightness through the use of 

packed-hole core barrels (core barrels' that have been fitted with 

special stabilizers that are very close to hole gauge), by 

increasing or decreasing rotational speed~, and by carefully 

watching the weight on the diamond bit. Traditionally, deviation 

hasn't been a major problem in crystalline rock. There may be a 

tendency to drift in the sedimintary formation in the Imperial 

Valley. Typically, hole correction has been done with similar 

tools as those used in the oil field, such as Nave Drill, Dyna 

Drill or whip-stock methods. There has never been any 

directional or corrective drilling done at temperatures or depths 

that are remotely near the ones that maybe encountered in the 

SSSDP. 

M: Hole Flashing Problems. Initially hole flashing problems were of 

concern due to high downhole temperatures. After consideration 

it seems to be more of a problem near the surface than at the 

bottom of the well. There is still some concern that the very 
15 



low fluid circulation rate of the wireline system may allow the 

well to get hot enough near the surface that flashing could be 

induced during core retrieval and perhaps even during rotary core 

tripping. This needs more extensive analysis. 

ANALYSIS OF FLASHING POTENTIAL IN TIlE LOVlER PORTIotT OF THE SSSDP WELL 

Estimated Hydrostatic Head Flash Pressure Drop 
Temperature Q O. 4775 psi / f t. Point of Requi red for 

of (Mud weight 9.2 /gal) Water Flashing 

6,000 ft 660 2,865 2,340 525 

7,000 ft 670 3,342.5 2,520 823 

8,000 ft 680 3,820 2,700 1,120 

9,000 ft 690 4,297.5 2,880 1,417 

10,000 ft 715 4,775 3,240 (vapor) 
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5. lmAT ADAPTATIONS OR BREAKTHROUGHS WOULD BE REQUIRED? 

A. Develop a loading chamber system atop the drill string so that 

the core laden tubes can be isolated from the heat and pressure 

of the hole during core removal. The operation method used at 

present subjects personnel to some potential safety problems if 

flashing occurs. 

B. Conduct a complete test of continuous wire1ine core retrieving 

cables under Salton Sea brine conditions. The main concern is 

the effect of corrosion on cable performance. 

C. Subject continuous wireline core drilling pipe and core barrels 

to some simulated wear and corrosion tests to indicate rotating 

hour life for safe operation. 

D. Develop a system to continue to circulate sufficient volumes of 

fluid while coring arid retrieving core to help keep the hole 

temperature down and to keep the solids moving to the surface for 

hole cleaning. 

E. Previous drilled rotary holes in the Salton Sea area indicate 

very high drag forces in both torsional and tension, in some 

cases as much as 100,000 lb above the string weight. Continuous 

wireline core pipe could be subjected to proportional testing to 

simulate these conditions. 

F. In the long run, develop larger diameter drill rods and rigs to 

reach greater depths. 
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6. WHAT DEVELOPMENT PROGRAM WOULD BE REQUIRED, WIIAT ARE ITS ESTIMATED 
COSTS AND DEVELOPHENT TIMETABLE? 

A. Suggested development program: 

1. It appears that the interest is very high toward the 

continuous wire line coring methods. Demands on existing 

systems that were designed for the mineral industry have 

expanded to geothermal, gas, oil and scientific programs, 

many of which demand special disciplines. With this in mind, 

it is suggested that a committee be established consisting of 

core drill manufacturers, core drilling contractors, 

interested rotary manufacturers and contractors, oil and 

mineral companies, plus those companies and individuals who 

need, use, or have expertise in these disciplines. This 

should include government agencies. 

2. Suggest the above committee or group start by working on 

problems that are outlined in tIo. 3 listed earlier. 

3. Perhaps a government grant through a research or engineering 

group could provide funds to actually set up a field testing 

program. 

B. Estimate costs of development type of program: 

Any estimate at this point is speculation, but a $500,000 

program should get the existing drilling system up to speed 

in all areas. 

C. Timetable that must be required: 

A timetable that would cover those conditions as tests in 

No. 3 might be accomplished in as short as 9 months to as 

long as 15 months. 
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7. A REVIE\-l OF U. S. CONTINUOUS WIRELINE CORE-DRILLING CONTRACTORS TIlAT 
HAVE PERFORHED DRILLING SERVICES IN GEOTHERHAL EtTVIRONHENT 

The experience of U.S. contractors is summarized belo\n 

Geot he rmal \-lells Deepest Hole Under 
Contractor No. Holes Max Depth Hax TeGlp Hineral Condi lions 

Tonto Drilling Services 
Size 

30 4,000 ft 350°F 6,900 ft - 'H' 

Longyear 18 3,000 ft 390°F 7,100 ft 101 HH 
3,000 ft 490°F 7,400 ft 'B' Size 

Boyle Bros Drilling 2 2,800 ft 6,100 ft 'H' Size 

Himes Drilling ~o. Inc. 2 2,800 ft+ - - - - -

This review reveals that two (2) contractors have done, by far, the 

majority of the drilling. Tonto Drilling Services has drilled the 

deepest hole, 4,000 ft, while Longyear has drilled in the hottest 

environment (reportedly 390°F). Mr. Dick Swayne, Manager of Longyear's 

Contract Drilling Division, has reported that 490°F was encountered in 

China Lake Well No.5. The above table also shous the maximum depths 

that each contractor has drilled under normal mineral drilling conditions. 

A review of the \lork done to date reveals that these U.S. contractors 

have not had any drilling experience in super-high temperature 

geosolution, nor have any reached the 10,000 ft depth requirements that 

are planned in the SSSDP. 

The majority of continuous wireline core drilling contractors have been 

very successful drilling geothermal holes 3,000 ft to 4,000 ft deep that 

have a loose circulation condition (no return circulation). Under this 

condition the core drillers using the continuous wireline Glethod were 

able to advance the hole in the blind condition plus recover the core. 

Wireline core systems allou these holes to be continued and bottomed, 

whereas the conventional rotary equipment made hole advancement extremely 

difficult and very expensive. 
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8. A REVIEW OF LONGYEAR'S Nillv 10,000 DRILL RIG 

Derrick - 80 ft extended 
43 ft retracted 
60 ft (triple) stands 
API Rated at 100,000 Ib 
Crown sheaves rated at 100,000 Ib 

Dra,>' Works - Hydrostatically driven with automatic release on 
drum while coring. Built-in spring loaded brake 
system for static holding only. Drum 24 in. aD with 
rope grooving. Load handling through 6 part line 
using 7/8 in. rope, giving maximum hook load of 
85,000 lb. 

Line Speed Bare Drum - 6 part line 
lligh 1,356 ft/min - 226 ft/min hook speed 
Low 498 ft/min - 83 ft/min hook speed 

Top Drive Head and Feed System 
60,000 lb hold back load while coring 
Head can chuck 3-15/16 in. when drilling over 5,000 ft 
a Hex Ring Kelly System is used through the top drive 
head to handle maximum \-leight condition. 

Rated Capacity of the Drill Unit in a Fluid Filled Hole 
CHD - 134 mm = 5,000 ft 
CHD - 101 mm = 7,500 ft 
CHD - 76 mm = 11,500 ft 

A quick review of the above specifications reveals that the 60, 000 lb 

maximum hold back feed system is the limiting depth factor of this 

drill rig. Though the hoist has more capacity, 85,000 lb, it cannot 

be used in the feed or rotating mode, hence the drill's capacity is 

limited to 60,000 lb. You can theoretically drill a 10,000 ft hole, 

but this hole must be done with 76 mm size 2-3/4 in. aD pipe in a 

3 in. aD hole. In the case of the Salton Sea hole, you would 

seriously limit your alternatives because you do not have the option 

of starting the coring with the larger 134 mm system. From a hole 

engineering point of view, you should maintain the largest size 

system until required to reduce due to in-hole conditions. This 

allows you the safety of continuing the hole with 101 mm, leaving you 

the option of an additional reduction to 76 mm to assure completion 

to 10,000 ft total depth. (Detailed drill rod specifications are 

presented on the following page.) 
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DRILL ROD SPECIFICATIONS 

Rod OD 
Midbody OD 
Midbody tJall 
Threads Inch 
Coeff. Friction 

(Lubrication) 
Tensile Strength Box 

Material 
Tensile Strength Pin 

Material 
Tensile Strength Midbody 

Material 
lleight of Rod 
Area of Box (Min.) 
Area of Pin (Min.) 
Midbody Area 
Burst Pressure 
Collapse Pressure 
Kerf Area 
Yield of Box in Tension 
Yield of Pin in Tension 
Yield of Midbody in Tension 
Failure of Box in Tension 
Failure of Midbody in Tension 
Yield of Joint in Torsion 
Failure of Joint in Torsion 
Pre Torque of Joints 
Max. Rated Torque 
Thread Length 
Depth Rating 

(2-1 Safety Factor) 
Weight of 6 metre Rod 
Standard Core Size 
Standard Hole Size 
Midbody Material 

Joint Material 

76 mm 

2.75" (69.8mm) 
2.375" (60.3mm) 

.187" (4.7mm) 
2.5 
.2 

125,000 psi 

125,000 psi 

90,000 psi 

5.56 lb/ft 
1.137 sq. in. 

• 751 sq. in. 
1. 509 sq. in. 
9, 545 psi 
7,479 pis 
4.67 sq. in. 
113,713 Ibs. 

75,114 1bs. 
120,7551bs. 
142,141 1bs. 
135,849 1bs. 

8,773 ft/1bs 
10,967 ft/1bs 

1,550 ft /lbs 
2,000 ft/lbs 

2" 
2,900 metres 

110 lbs. 
1. 713" 
2.98" 
Grade 1035 or 

4130 

Grade 4130 
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101 mm 

3.701" (84.Omm) 
3.268" (83.Omm) 

.2165" (5. 5mm) 
2.5 
.2 

125,000 psi 

125,000 psi 

90,000 psi 

8.53 1b/ft 
1. 519 sq. in. 
1. 244 sq. in . 
2.37 sq. in. 

8,189 psi 
6,025 psi 

7.6 sq. in. 
151,9631bs. 
124,379 1bs. 
189,600 lbs. 
189,954 1bs. 
213,300 1bs. 
17,201 ft/1bs 
21,501 ft/1bs 
2,500 ft/lbs 
3,400 ft/lbs 

2" 
3,000 metres 

165 1bs. 
2.5" (HQ) 
3.99" 
Heat Treated UTS 

134 mm 

57 (137mm) 
4.5" (114. 3mm) 

.2500" (6. 35mI:l) 
2.5 
.2 

125,000 psi 

125,000 psi 

90,000 psi 

13.1 lb/ft 

9,000 psi 
4,380 psi 

257,000 lbs. 
257,000 lbs. 

3,000 ft/lbs 
5,000 ft/1bs 
2.975" 
3~000 metres 

262 1bs. 
2.244" (PQ) 
5.250" 
- All ClID the 

same 

I~at Treated UTS - All ClID the 
same 



It is understood this drilling unit was designed for South Africa, 

which has a requirement of drilling to 10,000 ft, and the maximum 

hole size in that part of the world is 2.98 in. OD using the 76 mm 

system. So while the drill meets the depth requirements, it does not 

allow the additional hole size and depth alternatives that may be 

needed to meet hole conditions that could be present on the SSSDP. 

Per Mr. Dick Swayne of Longyear Co. the follo\>ling is a typical hole 

that was recently drilled in New Hexico on an Oil Gas exploration 

well. 

Rotary 0 - 900 ft, 9 7/8 in. bit 
900 - 2,500 ft, 7 7/8 in. bit 

Casing 0 - 2,800 ft, 6 5/8 in. Casing 

Coring 2,500 - 4,000 ft, 134 mm - 5 1/2 to 6 in. bit 

Casing 0 - 4,000 ft, 5 in. 
4,000 - 7,000 ft + 101 mm - 4-3/8 in. Bit 

Rotary Pump - GD - 5-1/2 in. x 8 in. 

Core Pump Bean Twine Model 835 
Hydrostatically Dri ven 
10 to 70 GPM a 850 PSI. 

Ideal Core Rig Capacity. From a continuous wireline coring point of vie\.;r 

the drill rig should have the capacity to handle both hoisting, rotating 

and feeding of the 134 mm string to the. maximum depth of 10,000 ft. If 

in hole conditions didn't demand casing, it would be to the advantage of 

the program not to case and change hole size. However if the hole 

condition required casing and size reduction, we have that alternative 

available, plus an addition size smaller as a last resort. 

o - 10,000 ft 

o - 10,000 ft 

o - 10,000 ft 

134 mm System 

101 mm System 

76 mm System 
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131,000 lb 

85,300 lb 

55,600 lb 



It would appear the drill rig with a hook load capacity of 225,000 Ib 

would be more desirable plus have feed and rotating capacity of 

150,000 1b to handle the 134 mm system to the 10,000 ft depth. 
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9. THE COHPARATIVE COST OF DRILLING AND CORING FRON: 6,000 TO 10,000 FT USING 
THE CONVENTIONAL OIL FIELD ROTARY METHOD AND CONTmOUS \HRELmE CORING 
METHOD. 

The proposed approach would have the first 6,000 ft drilled 

conventionally and cased. The rotary unit would drill through the high 

pressure gas zone and set the 9 5/8 in. casing to 6,000 ft. After 

completion, this same rig could set the 5 in. casing string for use with 

the 101 mm system. 

The following are some of the cost considerations: 

A. There are move-in move-out costs for the rotary drill, as well as 

the core drill. For the coring part of the hole, Longyear 

estimates these costs to be approximately $100,000. 

B. The rotary drill substructure should be left in place to 

accommodate all of the BOPs needed. A review of the hole casing 

plan for the rotary indicates 9-5/8 in. production casing with 

its normal BOP stack plus wireline coring 5-1/2 in. casing to 

accommodate ClID-101 rom wireline coring system plus 4 in. casing 

string to accommodate ClID 76 rom wireline coring system. These 

casing and drilling strings will require a BOP stack. 

The substructure of oil rotary rig has sufficient clearance, 25 

to 30 ft, to accommodate these BOP stacks, but the Longyear 

coring rig only has about 8 ft clearance. The Longyear drilling 

rig is of modular design, so it can be easily mounted on the deck 

of the subst ruc ture wit hout its subbase but would requi re a rental 

crane to mob and demob. Additional arrangement must be made with 

the rotary contractor to lease his substructure during the coring 

operation. The cost of the substructure has not been included in 

the wireline coring estimate. 

C. Coring costs will increase as a result of only drilling the Imler 

part of the hole for the following reasons: 
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1. Mob and demob would be the same as if started from 

o to 10,000 ft, but you can only write off this cost 

against 4,000 ft of drilling. 

2. Under this scenario the contractor will be required to 

have two (2) strings of pipe 101 mm 0 to 7,500 ft and 

76 mm 0 to 10,000 ft and must write off wear and cost 

over only 4,000 ft of drilling, though he is required to 

invest a very large amount for the entire string of pipe. 

3. This method requires a very large core drilling rig 

because of depth and size, and all the related costs of 

the large rig must be written off against a small amount 

of footage drilled. 

4. If this hole is planned to be used for production, there 

is a good chance that these small strings of casing or 

stuck rods could not be removed, or if so it might be 

done at a substantial cost. The small core drill does 

not have hoist capacities to remove the 5 in. casing 

string that was set by the rotary. In order to. rework 

the hole for production, a remob of the rotary drill may 

be required. 

The following pages show a rough cost estimate for continuously wire1ine 

coring the SSSDP from 6,000 to 10,000 ft and a comparable Bechtel 

estimate for conventional rotary drilling and coring. The continuous 

wire1ine coring estimate is about 30 percent higher. 

Continuous Wire1ine Coring 

Conventional Rotary Coring and Drilling 
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BECHTEL ESTIMATE FOR ROTARY DRILLING 
AND CORING FROM 6,000 TO 10,000 

Component 

Rig rental (includes 
crew and drill pipe) 

Rotating head rental 

Drill bits 

Drill tools 

Mud and chemicals 

Core barrels and bits 

Coring supervisor 

Trucks, crane, welding 
and other m1SC. 

TOTAL 

Cost per ft. 

Approximate 
Daily Days in 
Rate Use 

$5,600 65 

55 65 

235 20 

765 20 

1,685 65 

1,150 45 

525 45 

55 65 
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Subtotal Daily 
Cost 

$364,000 

3,575 

4,700 

15,300 

109,525 

51,750 

23,625 

3,575 

$576,050 

$144.01 



10. CONCLUSIONS 

From an engineering point of view there is no question in my mind that if 

hole completion is important, the rotary oil rig with all its proven 

systems and its excess capacities would assure one of successfully 

completing this hole to 10,000 ft. However, from a scientific point of 

view one could certainly obtain additional scientific information by 

continuous wireline coring in areas where presently there is limited 

information. 

One must weigh using the continuous wire line method against the following 

fac ts. 

A. The 10,000 ft core drilling rig presently being built by Longyear 

has never attained that depth. 

B. No continuous wireline coring contractor in the United States has 

personnel that have drilled to 10,000 ft nor at temperatures 

close to those that will be encountered at the Salton Sea Project. 

C. Wireline core drilling tools have been subjected to geothermal 

environments but none have been subjected to such high 

temperatures or possibly as corrosive and abrasive geothermal 

solutions as will be encountered in the 10,000 ft Salton Sea hole. 

D. Because of the very close tolerances between hole size and casing 

used, cementing holes could present real problems. Add to this 

condition 400°C hole temperatures plus brine solutions, and 

cementing may be impossible. At any rate, as of no'1, it is an 

unknown for the wireline core driller. 

E. I have a serious concern with the continuous wireline core method 

in the following areas: 
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a. Corrosion 

b. High drag forces (torsional and tension) 

c. Wear 

d. Temperature 

e. Very low fluid volumes used in drilling present some 

safety questions 

f. Hole deviation because of in-hole conditions that are 

different (sedimentary formation versus granitic 

formation) where most of wireline work has been done 

using the continuous wireline core method 

The task of deep wireline core drilling is not impossible. 

However, there are certainly many unknown conditions in the 

Salton Sea project, that the wireline core drilling contractors 

would be eager to start solving. To do so in a timeframe that 

would assure completing the hole to 10,000 ft may take from 9 to 

15 months of development work prior to beginning drilling. 

There are two things that tend to assure hole completion: 

1. Seasoned personnel that have drilled in these conditions 

to the proposed depths with support people they are 

familiar with 

2. Proven rigs, tools and support systems 

In view of the task at hand, it would appear that the continuous 

wireline coring system needs the support of a separate research 

program. 
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801-9q2-0627 
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1982 Pre-5E-nt Consulting Engineer. Have maintained a 
drilling consulting busine-ss servicing with mining and oil 
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Minerals, Getty 011 and Minerals, World Bank, Dresser 
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1972-1982 l.ongyear Co. 
925 Delaware St. S.E. 
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Duties and Responsibilities 

J97q-1982 Maneger of Ope-ration of the contract drilling 
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1968-1972 Boyles Bros. Drilling Co. 
P.O. Box 25068 
Salt Lake City, Utah eq125 

Utah District Manager. As manager was responsible for a 20 
drill operation which Inclu~es shop and district office. 



B~fore becoming •• nager, aet up complet~ company ~.lntenAnce 
progr.m, wrot •.•• int.n.nce .anu.l .nd computeriz.d equipme~t 

and •• inten.nce. 

J964-1966 30y M.nuf.~tu~t~g Co. 
Salt L.k~ City, Ut.h 
Ar •• .,.n.g~r 

1960-1964 Nichol. Drilling Co. 
(Morri.on-Knud.~n Co.) 
S~lby Drilling Co. 
~oi.~, Id.ho 
Chi~f Engineer -chi~f .stimator. 

19~4-1960 E.l. Longy •• r Co. 
S.lt L.k~ Cfty, Ut.h 
W~.t.rn Zon~ Manag.r 
Set up th. first op~r.ting %on~ for LongyeAr Co. 

EDUCAT:I:ON 

19~1- Michigan Technologic.l Univ.rslty 
B.S. Mech. Engr. 
R.gist.r.d Profes~ion.l Engin •• r 

1949- Unjv~rsity of Minne.ot • 
. Busin~ •• ~ Accounting B.A. 

194~- Duluth Centr.l High School diploma 
AI.o obt.in.d c.rtific.tes from Baroid 
H.lliburton C.ment School, plus m.n.g~ment 

Univer~ity of Minnesot., University of Utah, 
of Id.ho • 

Mud School, 
•• min.rs .t 

.nd University 

. 
Conduct.d Drilling ManAgement and Information cl.sses .t 
University of Minn •• ota, Color.do School of Mines. 
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