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ABSTRACT 

This report describes the Phase I drilling operations for the 
Magma Energy Exploratory Well near Mammoth Lakes, California. An 
important part of the Department of Energy's Magma Energy Program, 
this well is designed to reach an ultimate depth of 20,000 feet or a 
bottomhole temperature of 500OC, whichever comes first. There will 
be four drilling phases, at least a year apart, with scientific 
investigations in the borehole between the drilling intervals. 

Phase I of this project resulted in a 20" cased hole to 2558 
feet, with 185 feet of coring beyond that. This document comprises 
a narrative of the daily activities, copies of the daily mud and 
lithologic reports, time breakdowns of rig activities, inventories 
of lost circulation materials, temperature logs of the cored hole, 
and a strip chart mud log. 

This work was supported by the U. S. Department of Energy at Sandia 
National Laboratories under contract DE-AC04-76DP00789. a 
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INTRODUCTION 

Molten rock, or magma, beneath the Earth's surface is an enormous 
energy resource. Estimates by the US Geological Survey suggest that 
magma less than six miles deep beneath the continental United States 
contains 50,000 to 500,000 quads of energy (1). For comparison, the 
total energy consumption in the US last year was about 80 quads. 

9 The US Department of Energy, Geothermal Technology Division, 
sponsors a program managed by Sandia National Laboratories to 
examine the feasibility of extracting this energy for commercial 
power production. 
this magma energy is technically possible, but development 
engineering to make it a reality will be extremely challenging. 
This well will allow better evaluation of the continental magma 
resource and development of a magma energy extraction system. 

An earlier study by Sandia showed that tapping 

We are drilling at this location because extensive geophysical 
evidence indicates the existence of a magma body at a depth of six 
to seven kilometers (2). Much of the evidence comprises seismic 
data, but an especially compelling observation is that the drill 
site has risen two feet in the last ten years. Scientists infer 
that this rise was caused by fresh magma injected into the 
underlying chamber. This location, in fact, was originally prepared 
by a commercial geothermal company for an exploratory well. 
drilling plans did not materialize, and they agreed to let Sandia 
use the site. 

Their 

The magma energy concept requires the ability to predict the 
location of large quantities of shallow magma. 
believe, and geophysical measurements suggest, that regions like 
Long Valley contain these magma bodies, but their existence has not 
been directly verified by drilling. Resolving the question of a 
magma body's presence here will be the most important result of this 
exploratory well. 

Volcanologists 

The ultimate goal of the Magma Energy Program is to drill into magma 
and insert a heat exchanger for long-term experiments. 
researchers from Sandia successfully used a small drill rig to 
penetrate and perform tests in a still-liquid lava lake in Hawaii 
(3), no long-term, large-scale experiment in molten rock has ever 
been done. The Magma Energy Exploratory Well is a precursor to an 
energy extraction experiment, and we believe that the experience of 
drilling in this unique environment that approaches, but does not 
contact, the magma chamber will be invaluable. 

Although 

1. Muffler, L.J.P., (Editor), lvAssessment of Geothermal Resources of 
the United States", US Geological Survey Circular 790, 1979 
2. Rundle, J.B., and D.P. Hill, "The geophysics of a restless 
caldera - Long Valleyt1, Ann. Rev. Earth Planet. Sci., 16, 1988 
3. Hardee, H.C., J.C. Dunn, R.G. Hills, and R.W. Ward, IIProbing the 
melt zone of Kilauea Iki Lava Lake, Kilauea Volcano, Hawaiiv1, 
Geophysical Review Letters, 8 no. 12, 1211-1214 
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NARRATIVE OF DRILLING OPERATIONS 

The first of the four planned drilling phases, with a designed 
target depth of 2500 feet (see Figure 1) was completed in October 
1989. The following narrative gives a day-by-day summary of the 
drilling and coring activities, and the problems encountered. 

[ A  list of abbreviations used in this narrative is on page 23.1 

Spud continues to approach, but slowly. 
bottom hole assembly: mud is mixed: most welding is done. 

Loffland is picking up the 

2200 - Loffland ready to spud, but bit breaker does not fit their 
rotary table (it's for a 27 1/2" table, theirs is 37 1/2"). 

Temporary fix for the bit breaker problem is to weld pins on the 
bottom that will fit the rotary. New breaker will be fabricated in 
Bakersfield today. 

0630 - Spudded, made 12 ft 
0700 - Lost circulation. Mixing a 5 0  bbl LCM pill. 

0930 - Some problems with rig equipment: there is a hole in one of 
the shale shakers, leaking mud; also down with one of the mud pumps. 
On maintenance time at 0930, off at 1300. 

1300 - Lost circulation is extreme, have lost over 1000 bbl mud, 
including LCM. Drilling to about 90, (bottom of 40" mud riser is at 
64' KB) with 26" bit and 36" hole opener - no returns; will set 125 
sack (202 ft3) cement plug. [125 sacks Class G cement, 40% silica 
flour, 3% CaCl] 

1830 - Cement in place - plug #1 - at 1830 hrs, doesn't look good 
because only about 3' at the bottom of the rods shows cement on the 
outside. 

2130 - Tag bottom, and find that plug extends about 2' up. 

2400 - Mix and set another 202 ft3 plug - #2. 
8/3 

0600 - Second cement plug has gone away completely; mixing another 
125 sacks cement with 2:l perlite for a lighter weight, higher yield 
mixture. 
cement to gel up the formation. 

Running Flo-Chek and calcium chloride water ahead of 

0730 - Cement in place. Pumped plug in two equal parts -plugs #3 
ana #4, total volume 310 ft3. WOC 
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Figure 1 -- Diagram of well design, showing hole and casing sizes 
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1130 - Threw 10 sacks of bentonite, 6 bags of walnut shells, and 
approximately 450 empty mud and cement sacks in the hole. Regained 
circulation and pumped appr 400 bbl water through the hole to clean 
it up before circulating mud again. 

1400 - Laid down the 36" hole opener and will drill ahead with the 
26" bit; some concern that the h.0. might be causing deviation in 
the wellbore. 

1730 - Drilled ahead to 96'. Partially lost circulation again (30- 
40% returns) and decided to set another plug. Spotted at the bottom 
of the 4 0 "  mud riser: 10 bbl calcium chloride, 10 bbl sodium 
silicate (Flo-Chek), and approx 310 ft3 of 2:l perlite/cement - #5. 
1930 - Cement in place. WOC 

0530 - Tagged top of cement at 57' (inside the 40") and found it 
still soft; will wait another couple of hours and drill it. Picked 
up 36" h.0. to center punch the hole. 

0830 - Began drilling with good returns, but after getting through 
the cement into fresh rock started losing about 10-20 bbl per 
minute. Drilled ahead to 98' and decided to stop for another cement 
j ob 

1200 - Pumped another plug - #6 - with 10 bbl calcium chloride ahead 
of 300 ft3 2:l perlite/cement. Will WOC until approximately 1900. 

1915 - Tagged cement at 67', cleaned out cement to 78' with full 
returns, but the cement cuttings started appearing green, so will 
WOC until midnight. 

0003 - Started rotating at 71' and got good cement with full 
returns. 

0230 - Drilled kelly down with the 36" h.0. (96'), laid down the 
h.0. and picked up the 26" BHA. Drilling ahead with 26", holding 
back on WOB to limit ROP to about 40 ft/hr. 

0730 - Depth is 143'; drilling is OK, although losing about 400 
bbl/hr mud. 
not take the full flow of 1000 gpm without overflowing. 

There is some problem with the shale shakers, they will 

1030 - Survey at 167'; inclination = 3/4O. 

1300 - Survey at 230'; inclination = 1/40. 

1730 - Drilled ahead with 26" bit to 318', where returns were lost 
completely. Will set another plug, 310 ft3 cement/perlite, as soon 
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as Halliburton can get here and driller can lay down BHA and run 
pipe back in hole for pumping cement. 

2130 - Completed cement job - #7 - spotted at bottom. Will WOC 
about 8 hours. 

8 / 6  

5 0430 - Tagged top of cement at 264', but plug will not hold fluid. 
Pump 80 bbl LCM pill (6 sacks ea nut plug, Mud Seal, and cedar 
fiber); ineffective. Will set another plug. 

0800 - Finished pumping second 310 ft3 plug - #8. It brought the 
fluid level back to the flow line and the level seems to be holding. 
Will WOC until 1400, then tag the top of the second plug and 
probably begin drilling. 

1400 - Begin drilling with the 36" hole opener at 94/ (previous 
depth of 36" hole). Progress is pretty good, ROP is about 30 feet 
per hour, with little fluid loss. 

1800 - Depth 190' with 3611 hole. 

2300 - Reached 291' with 36" hole; we will set casing at this point 
because of the lost circulation problem at 318'. This means that 
the 30" casing string will be only 7 joints instead of 8, ie, 280' 
instead of 320/. Circulating the hole clean, will run LCM pills as 
the pipe is coming out of the hole, rigged to run casing. Crane 
operator is on site to lift casing from the racks to the V-door 
slide . 

0230 - Began running 30" casing, using the Dril-Quip stab-in 
connectors. Casing goes together easily, without the danger of 
cross-threading. Each joint takes about 25-30 minutes to run. 

0530 - After third joint is added, string will not go down any 
farther. There is apparently an offset at 87' that will not pass 
the casing string. Begin calling tool companies to locate 36" 
reamers, stabilizers, or hole openers to make a stiffer drill string 
that we can use to ream the hole. 

2030 - Receive 36" stabilizer from Bakersfield and 36" hole opener 
from Nevada Test Site. Hole opener appears to be vpry rugged and in 
good condition. Begin picking up both h.o.'s to run them piggyback. 

2230 - Begin running in hole with BHA = 17 1/2" bit (already mounted 
on NTS h.o./36" h.o./36** h.o./26I1 reamer (for stiffness)/llgl drill 
collar. 

" 1. 

I 

\ 2400 - Reaming ahead at approximately 89' depth. 
rough from 85' to 89', indicating more irregularities in the 
wellbore. 

Drilling is very 

- 5 -  



0000-0430 - Reamed 808-116' interval multiple times to insure 
smoothness. 

0530 - Added another collar and drilled ahead to 113', where 
approximately 300 bbl circulation loss occurred. Mixed and spotted 
a 50 bbl LCM pill. Hole would still not hold fluid, so rigged for 
cementing. 

0930 - Another 310 ft3 cement/perlite plug - #9, will WOC until 
1530. 

1600 - Filled hole with mud to make sure that plug was holding 
pressure: it did. Will WOC another 2 hours and start to ream. 

1730 - Tag cement at 97'. Reaming ahead at 110'. 

2400 - Reaming at 270'. Have reamed each joint down twice and 
lowered once without rotation 

0030 - Reamed to bottom at 2 8 5 ' .  Began to lay down tools and rig to 
run casing. 

0530 - Began going in hole with first joint of 30" casing. 
0700 - Fifth joint hangs up, rig cables for pull-down and torque; 
pipe goes in. 

0840 - Casing in hole, stab mandrel in float shoe, fill casing with 
mud for hold-down weight, rig for casing hold-down (buoyancy force) 
cables, and rig for cementing. 

1630 - Cement to surface, wait 5 minutes to see if cement level 
falls back (it doesn't), and pump 5 more minutes (total of approx 
1135 ft3 Class G cement with 40% silica flour + 310 ft3 2:l 
perlite). Drop plug and displace cement in drill pipe. Disengage 
drill pipe from float shoe and put about 8' of cement in the bottom 
of the casing. Will WOC approximately 24 hours. 

8/10 

0600 - Tagged top of cement in casing annulus and found it at 62' 
KB: this was apparently a ring or the high side of a sloped surface, 
because the volume required to fill the annulus from 62' is 110 ft3, 
and 272 ft3 were actually required. This implies that the top of 
the original cement level was below the 40" shoe. 

0900 - Top job completed. 
1500 - Begin cutting off the 4O1I riser and the 30" casing to install 
the 30" diverter. 
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2100 - Casing and riser cut and removed. 
2200 - Weld 30" wellhead and begin nippling up. 
8/11 

0700 - Diverter and flow line installed 
1200 - Began trying to test the Hydril diverter, but it would not 
hold pressure. Displaced the mud in the diverter with water and re- 
tested at a slightly higher pressure. Test was successful, possibly 
because higher pressure helped diverter to seal. 
BLM representative Frank Dalton. 

Test witnessed by 

2000 - Hooked up flow and kill lines, displaced water with mud, and 
began drilling cement. 

8/12 

0230 - Directional survey at 282'; angle was 1/40. 

0500 - Lost circulation at 355'. Drilled from 355' to 387' with 
partial returns; lost about 270 bbl drilling fluid. 

1030 - Survey at 353'; angle was 1/20. 

1200 - 310 ft3 cement plug - #lo - at 366'. 
1830 - WOC and tagged top of cement at 317'; will WOC another 4 
hours. 

8/13 

0030 - Began drilling out cement at 317'. 
0230 - Severe loss  at 360', apparently the same zone as before. 
Tried circulating, no returns 

0430 - Re-cemented this zone with 300 ft3 cement plug - #11; will 
WOC until 1230. 

1300 - Begin drilling out cement at 293'. 
1800 - Drilling ahead at 388' with no returns. Periodic gel and LCM 
sweeps. 

2300 - Drilling ahead at 412' with no returns. Drilling has been 
very rough from 388' to 412'; estimate 3000 bbl fluid loss in this 
internal. Will circulate and work pipe. 

& 
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0200 - Cement plug (210 ft3 - #12) in place at 407'. When drill' 
pipe was pulled out of the hole, fluid level was at 230'' implying 
that the plug had all escaped into the formation. 

0500 - Another cement plug (100 ft3 - #13). WOC until 1200. 

1200 - Tag cement at 357" very soft; pumped 500 bbl fluid with no 
returns. 

1400 - Pumped cement plug - #14 - (300 ft3 at 345'). 
2100 - Tagged cement at 311'; fluid level at 180'; filled hole. 

8/15 

0030 - Fluid level still at 180' (cement seems to be holding). 
Begin drilling out cement at 311'. 

0400 - Directional survey at 379'; inclination was 3/40. 

0600 - Drilling ahead at 412'. 
0700 - Lost circulation at 425'. 
1400 - Drilling ahead at 475' with no returns. Rough drilling since 
425' and have pumped away about 1550 bbl of fluid. Will set another 
Plug- 

1600 - Cement plug - #15 - in place. 319 ft3 at 438'. 

1730 - Tag cement at 426'' fluid level at 311'. Pump 300 bbl fluid 
and get no fill. 

2000 - Pump another 310 ft3 plug - #16 - at 421'. 
2400 - WOC 
8/16 

0400 - Tag cement at 409'; fluid level at 274' 

0600 - Drilled to 430'' so that we can set another plug (#17) in a 
cleaned out hole. 

1100 - Cement - #17 - in place (319 ft3 at 425'). Will WOC until 
1430. 

1430 - Tagged cement at 419'' it was still not cured. 
three more hours. 

Will WOC 

1730 - Tried to run temperature tool to find out if low temperature 
is hindering the cement cure, but the tool would not go through the 

- 8 -  



tool joints of the drill pipe. 
drilling out cement. 

Abandoned that idea and began 

2300 - Drilled out cement to 475' and did a directional survey at 
446'; inclination was 1 1/20. 

r 0500 - Drilled new formation to 518" drilling extremely hard; did 
directional survey at 472', inclination was 3 1/40. 

0630 - Circulated the hole and did another directional survey at 
503'. Survey required 3 tries because of the difficulty of reading 
the picture. Last result showed an inclination of 30. Have sent to 
Bakersfield for an Eastman survey tool to confirm these results (it 
seems unlikely that a very stiff assembly could have built that much 
angle in only 30 ft.) Eastman tools, including a motor for possible 
directional drilling should arrive about 1100. 

1230 - Eastman tools arrive; log complete well, repeating previous 
surveys. Upper angles are repeatable, but new reading at 472' was 2 
1/20, and 503' was 3 1/40. That is, instead of building angle and 
then dropping back, the deviation was continuously building from 
approximately 350'. Will plug back to approximately 325' and 
directionally drill to straighten out the hole. 

1700 - First stage of the cement plug (#18 - 343 ft3) ready to go in 
the hole. 

2400 - WOC 
8/18 

0400 - Tagged top of first cement plug at 398', polished top of plug 
to 412" circulated hole clean and laid second stage - #19 - of 
plug. Cement for the second plug (500 ft3) is mixed to be harder 
than the first stage. 

1400 - Tagged top of second plug at 315'; circulated/drilled about 
5' off top of plug. 

1630 - Cement appears hard enough to drill. Began pulling drill 
pipe out of hole and picking up motor for directional run. 

2130 - Started in hole with Dyna-Drill motor; drilling at about 325' 
with 1.50 bent sub. Drill string is rotating at about 25 rpm; this 
is an attempt to keep a straight hole without kicking off in a 
specific direction. BHA is bit/roller reamer/1211 Dyna Drill/bent 

2400 - Drilling at 355'. 
' sub/monel DC/stabilizer/shock s~b/3-11~~ DC/2-1OV1 DC. 

- 9 -  



8/19 

0530 - Have drilled to 417'; survey at 357' (because of the motor, 
reamer, and subs the survey tool can only get to within 60' of the 
bit) shows no deviation. 

0800 - Drilled to 448', survey at 388' shows 3/40 deviation. 
Pulling drilling assembly out of the hole to make a survey nearer 
bottom. 

1130 - Very slow coming out of the hole from 448'; basic problem is 
wrong inserts for the slips, making it difficult to handle the large 
diameter tools (e.g., the 11" drill collars). 

1430 - Finally get a survey at 426/, deviation is 3/40. Will lay 
down the Dyna-Drill and bent sub, and pick up a Christensen 
Navidrill motor and straight hole drilling assembly. Christensen 
motor turns at slower speed than the DD (less than 200 rpm, as 
opposed to 300 rpm), which is desirable. 

1500 - Work on rotary inserts, change BHA, and run in hole. 
2030 - Ream from 342' to 448'. 

2400 - Drilling at 464'. 
8 / 2 0  

0730 - Drilling new formation at 518'; lost 450 bbl at 5108, no 
returns. Cuttings from this interval (before returns lost) contain 
quartz crystals that only form in open caverns, confirming the 
presence of large voids. Pull motor out of hole to get survey at 
489'; inclination is 1/20. Rig for cementing. Sandia logging truck 
arrives on site. 

1030 - Cement plug (#20 - 200 ft3) in place at 504'. Will try to 
fill with fluid at 1300, tag at 1630. 

1300 - Hole will not hold fluid. Use logging truck to find top of 
cement at 465' and attempt to find a loss zone by looking at 
temperature changes. Get several temperature discontinuities, but 
they appear to be caused by the separated flow of the cold water 
going into the hole and the warmer mud already there. Fluid level 
is at 275' and dropping when logging tool comes out of the hole. 
Conclude that fluid loss is at the bottom. 

1700 - Rig for cementing. Second plug (#21 - 111 ft3 at 460') in 
place at 1720. Echometer shows fluid level holding steady at 279'. 

2000 - Tag top of second plug at 449', but hole still will not hold 
fluid. 
cement at about 355' and try to flow it into the l o s s  zone. 

Temperature survey shows loss zone at about 365'. Will spot 
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8/2 1 

0830 - Spotted 160 ft3 cement - #22 - (class G, 40% silica flour) at 
347'. This will be a slow cure, will do a temperature log at 1400. 

1400 - Temperature log showed water level at 140' and cement bridge 
at 337'. 

force). Fluid level sank, and hole would not fill up. 

Ran in with drill pipe, and apparently knocked loose 
,. . whatever was at 337' (it was fragile, weight indicator showed no 

1800 - Ran in hole with drilling assembly to polish the top of the 
plug at 448'. 
at the bottom of the hole. Circulating with little loss  of fluid, 
have circulated out the last plug. 
polishing the plug (this plug, which should be well-cured, is not 
very hard). 

Found all the uncured cement from this morning's plug 

Will run in with the motor after 

2400 - Have reamed out cement to 514' and drilled new hole to 528'. 
8/22 

0900 - Have drilled from 528' to 638' since midnight. Have lost and 
regained circulation twice (total loss about 800 bbl). Lost 
circulation again at 638'. 
and spotted LCM. 

Spotted LCM pill. Dry drilled to 646' 

1200 - Drilled with no returns to 674', built mud volume, and 
spotted a lost circulation pill. Still not holding fluid. 

1330 - Pulling out of hole with mud motor: will run back in with a 
monel DC and bit with nozzles pulled. When bit is on bottom, will 
take a directional survey and then pump a pill of the rubber LCM. 

1530 - Pumped a 6 0  bbl LCM pill with 20#/bbl of type 095 rubber: 
hole  still w i l l  not hold f l u i d ,  but keep pumping i n t o  it as w e  run 
open-end pipe in for cementing. Will do Echometer to check fluid 
level (170'). 

1630 - Cement plug (#23 - 319 ft3) spotted at 629 ft. 
1900 - Tagged top of cement at 665' (9' fill): i.e., most of the 
cement went into the formation. 

2200 - Tried to run temperature log, looking for other loss zones, 
but cable failure in the logging truck prevented this. 

6 8/23 

0200 - Spotted another cement plug (#24 - 319 ft3) at 617': came 
back and tagged top of cement at 549'. 
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0500 - spotted an LCM pill of 20#/bbl 095 rubber, 8#/bbl nut plug at 
545'. Hole will not hold fluid, 

0800 - Pumped another LCM pill of ( 8 #  stringy rubber + 8# chunky 
rubber + 6# Kwick-seal medium)/bbl, chased with 60 bbl water. This 
appeared to hold water for quite a while (30 min) but then fluid 
level began dropping. 

1100 - Closed diverter and began squeezing LCM. After pumping for 
approximately 1.5 hours, the hole was holding pressure. Stopped 
pumping and opened diverter; fluid level began dropping. 

1300 - Pumped another cement plug - #25 - (319 ft3 at 534'); after 
pumping that plug, fluid dropped drastically, to about 274'. 

1800 - Tagged cement at 474'; pumped another LCM plug of ll#/bbl 020 
rubber, 9#/bbl sawdust, and 9#/bbl Kwick-seal coarse. Pumped mud 
after this pill, and hole held fluid. 

2400 - Reaming cement with mud motor (table locked) at 514'. 
8/24 

0200 - Cleaning out cement at 5 4 0 ' ,  lost circulation. Continued 
cleaning to 570' with no returns. Pumped 60 bbl LCM pill (5#/bbl 
stringy rubber, 10#/bbl coarse rubber, 10#/bbl Kwick-Seal coarse) at 
558'. 

0500 - Rig to cement - #26 - at 560'; 319 ft3 - 2:l perlite, 12% 
Cal-seal, 3% CaC1. 

1200 - Tagged top of cement at 511'. 
1500 - Cleaned out cement from 511' to 580'; lost circulation at 
580'. 

1800 - Continued cleaning out cement to 658' (no returns). Stopped 
to rig for cementing. 

2100 - Cement - #27 - with diverter tool at 655' while working d- 
tool from 628' to 658'; run 60 bbl water, 60 bbl sepiolite, 421 ft3 
cement (1:l perlite, 40% silica flour, 6% Cal-seal, 3% CaC1). 
Pulled up out of cement 110' and laid on 30 bbl mud. 

2310 - Cement in place. 
8/2 5 

0400 - Tagged top of cement plug at 590'' but hole would not hold 
fluid (fluid level at 390'). 

0730 - Set 434 ft3 cement plug - #28 - (2:l perlite, 12% Cal-seal) 
at 590'. Hole is holding fluid, 
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1200 - Tagged top of plug at 500°, indicating that some of the 
cement went into the formation. RIH with mud motor. 

1600 - Drilled about 7' of cement and it was still soft; will wait 
for 2 hours. 

1800 - Drilled from 507' to 563'; complete loss of returns. 
Continued drilling to 582'. 

,- 

1930 - Pumped 60 bbl LCM plug, loaded 60 bbl water on top, waited 20 
minutes and resumed circulation with no returns. 

2300 - Pulled out of hole, ran in with open-ended drill pipe, and 
spotted 20 bbl CaCl water and 20 bbl "Super Plugm1 in a 1OC-1OSP-1OC- 
lOSP sequence with water spacers between each pill. 
time, pumped 5 bbl/min water in the annulus to try to drive the LCM 
into the formation. 
success. 

At the same 

Wait 30 minutes and try to fill hole, with no 

8/2 6 

0030 - Rig for cementing; led cement - #29 - with 2000 gal Flo-chek, 
then 256 ft3 1:l perlite, 12% Cal-seal, 3% CaCl at 569'. Pumping 5 
bbl/min water into annulus at the same time. 

0700 - Tagged top of cement at 515', pumped 400 bbl water, and hole 
would not hold fluid. 

0800 - Rigged logging truck to do temperature survey, but hole was 
full. Rig crew had continued pumping through the fill line to make 
room in the mud tanks for an LCM mix; this additional fluid had been 
retained for some unknown reason. (The additional pumping, which we 
had not known about, would have made the temp log meaningless 
anyway 1 

0900 - Mixing approximately 1000 bbl mud with 35% medium Kwick-Seal. 
Will lay the motor down, and try to drill ahead with the drilling 
assembly and circulate the hole clean of the cement and other non- 
cutting materials. 

1400 - Have not tried to drill yet, but are doing another cement job 
- #30 - just above the previous plug (356 ft3 of Class G, 3% CaC1). 
1700 - Run in hole with drilling assembly, tag top of cement at 
431'. WOC 

2300 - Begin drilling out cement at 431'. 
2400 - Drilling cement at 440'. 
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8 /27  

0800 - Have drilled out cement from 440' to 497'. Two directional 
surveys; 411' = lo, 442' = 3/4O. Circulating mud over shakers to 
clean up mud system. 

1100 - Drill to 534', directional survey at 506' = 1/20. 

1400 - Drilling cement at 635' (no cement or fill in the hole from 
572' to 600'); directional survey at 600 = 1/20 

1730 - Drilling new formation at 675' 
2100 - Drilling at 698'; directional survey at 663' = 10. Pulling 
out of hole to lay down drilling assembly and pick up Eastman motor 
because of low ROP = 8 ft/hr. 

8/28 

0400 - Drilling at 765'; directional survey at 695' = 3/40. 

0800 - Drilling at 828'; directional survey at 758' = 1/20. 

1000 - Drilling at 891'; directional survey at 831' = 10. 

1200 - Drilling at 923'; 235 bbl circulation loss at 929'. 
ahead, build mud volume, pump LCM pill, regain normal circulation. 

Drill 

1410 - Drilling at 984'; complete loss of returns. Continue 
drilling and regain returns - steady loss of fluid, because we are 
constantly building mud volume. 
well, indicating that the wells are communicating. 

1600 - Drilling at 1016'; directional survey at 926' = 3/40. Still - -  
losing fluid at 1048', will stop drilling and pump cement. 

2000 - Spotted cement plug - #31 - at 1044'; led with 20 bbl CaC1, 
then 2000 gal Flo-chek, 300 sks Class G, 3% CaC1, then 135 sks 1:l 
perlite with 12% Cal-seal, 3% CaC1. 

Water level is rising in the water 

Total volume = 676 ft3. 

8/29 

0030 - Ran temperature log to find top of cement and check for 
crossflow. 
soft. 

Tagged top of cement at 934', but it appeared to be 

0600 - Tagged top of cement at 945' with drill pipe, and it seemed 
hard. 

1300 - Completed drilling cement at 1048'. 
1600 - Drilled to 1118'; directional survey at 1039' = lo. Rig is 
temporarily down because one of the mud pumps is not working. 
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1800 - Mud pump repaired, drilling ahead. 
2130 - Drilling at 1207';  directional survey at 1139'  = 3/40. Have 
lost and regained circulation several times in this interval. 

8/30 

0200 - Drilled to 1302';  survey at 1233' = 10 

0600 - Drilled to 1397';  survey at 1324' = 1 1/40 

1200 - Drilled to 1491';  survey at 1431' = 10 

1800 - Drilled to 1573';  lost all rig electrical power as both 
diesel/generator sets failed. Probably caused by a loose wire on 
one governor, resulting in power surges and overheating. Power 
surge also apparently killed water well pump. 

2000 - Power restored. Drilling assembly was on bottom for at least 
20 minutes with no movement or circulation, but came free when power 
returned. Drill to 1585', survey at 1525' = 1 1/80 

2400 - Drilled to 1604'; rate of penetration is relatively low 
(around 15 ft/hr) because driller cannot put much weight on bit 
without deviation. With less than lO,OOO#, deviation stays under 
10, but weight increases consistently bring deviation increases. 

8/31 

0530 - Drill to 1690'; survey at 1620' = 1 1/40 

0700 - First load of 20vv casing arrives on site, remainder will 
follow at approximately 1 hour intervals. Eight loads ( 6 7  joints 
total). 

1100 - Drill to 1774';  survey a t  1714' = 1 1/40 

1600 - Drill to 1803';  pull out of hole to run wireline temperature 
log. Log showed some temperature variation, but the average was 
around 123OF. Most of this heat probably came from the mechanical 
work of the mud pumps and the mud motor. That is confirmed by the 
fact that the temp probe was cooling as it rested on bottom. 

2100 - Drilled to 1835' ,  lost 400 psi pump pressure and suspected a 
washout. Pulled drillstring to examine it, found no damage, and 
located a blockage in the mud pump suction line. Ran back in hole. 

0530 - Drill to 1840'; circulate thick mud that is building up from 
the fines of drilling in the ashy formation. 

0800 - Drill to 1866';  directional survey = 1 1/40 
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1400 - Drill to 1961'; directional survey = 1 1/40 

1600 - Talked with Wayne Jackson (Jackson Equipment Co) and Boyd 
Green, M-I, about using Jackson's equipment to clean up the solids- 
laden fluid in #2 sump. This process stirs up the sludge with a 
small dredge, chemically flocculates it, centrifuges it to separate 
the solids, and returns clear water to the sump. Estimated cost to 
process the waste is $7/bbl, but there aren't any feasible 
alternatives. 

2400 - Drill to 2044'. 

0100 - Deviation survey at 1984' = 1 1/40 

0300 - Pressure oscillations and reduced drilling rate indicate that 
mud motor may be washed out. 
Dyna-Drill. Stage back to bottom, trying to reduce wall cake. 

0900 - Back on bottom, but rate of penetration is very low (3 
ft/hr). 
Tuff, and the bit may be balled from the excessive wall cake. W i l l  
try circulating some Nut-plug to clean up the bit. 

1200 - Rate of penetration has picked up some, to about 8 ft/hr, and 
we are definitely in Bishop Tuff at 2060'. 

Lay down Eastman motor and pick up 

At least two possibilities: we are now in the harder Bishop 

2000 - Drilled to 2125'; directional survey = 1 1/20 

2200 - Begin pulling out of hole to lay down mud motor. 
9/3 

0200 - Laid down mud motor and made up new BHA. Will ream back to 
bottom with lgnewlf bit (previously used, laid down to repair 
lubricant leak). 

0800 - Drilling at 2134', still at less than 10 ft/hr. 

1130 - Drill to 2165' with 30-35 Klb WOB, survey at 2124' = 15/80. 
Appear to be drilling through inhomogeneous formation, drilling rate 
is fluctuating with constant weight on bit. 

1500 - Drilling at 2195'; rate of penetration is down to 5 ft/hr, 
may be in a glass flow. 

1700 - Coming out of hole to pick up more drill collars. 
Survey at 2145' = 1 1/80 

1800 - Laid down old three-point reamer (severely worn): picked up 
new reamer and new shock sub. Picked up 5 ea 10" drill collars. 

2400 - Drilled to 2207'. 
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9/4 

0200 - Drill to 2251'; survey at 2211' = 1 1/20 

0600 - Drill to 2314'; survey at 2254' = 1 1/20. Rate of 
penetration has picked up to about 20 ft/hr with 35-40 Klb, rock is 
showing more quartz crystals (i.e., more like the Bishop Tuff should 
look). 

1000 - Drill to 2377'; survey at 2337' = 10. 

1700 - Drill to 2503'; survey at 2463' = 3/40. 

2100 - Drilling rate is erratic, varying from 6 to 30 ft/hr. 
want to spend too much time getting deep enough to use all the 
casing, so will stop at the next even joint. 

Do not 

2345 - TD at 2568'. 
9/5 

0100 - Survey at 2511' = 3/40. 

0300 - Strap out of hole: measurement shows depth indicator 1.5' 
off. Run back in hole and drill 2' to true 2568'. 

0600 - Circulate hole and pull out tools. 
dual induction with gama, sonic, caliper, and temperature. 

1000 - Begin logging runs. 

Rig for logging; will do 

2000 - End logging; sonic logs are doubtful, apparently no returns 
in some sections of the hole. Could be caused by tool problems, 
large hole, and/or garbage formation (cement pockets, washouts). 
Run back in and begin circulating to condition hole. 

9 / 6  

0500 - Out of hole; begin rigging to run casing. 
0800 - Float shoe and float collar screwed and welded in place, two 
joints apart. Begin running in casing, using a casing stabber yoke 
to align casing when it is screwed together. 
well, averaging about 6 minutes per joint. 

Seems to be working 

1430 - Last joint of casing in place. 
and rigging cementing. Will run drill pipe into float collar at 
bottom of casing and begin circulating mud to make sure annulus is 
clear before cementing. 

Begin unrigging casing crews 

1815 - Halliburton cementing tree assembled; will stab into float 
collar and begin circulation. Casing shoe at 2559'. 
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2030 - Two hours circulation gives clear returns. Will pull drill 
pipe, centralize casing, re-run drill pipe with new O-rings on stab- 
in adaptor, and begin pumping cement. 

9 / 7  

0600 - Cementing complete, 7243 ft3 total: lost returns twice, but 
regained them. 
let cement begin curing and wait to see if the top of cement falls 
back. 

Full returns to surface at the end of the job. Will 

1200 - Logged water well; good news is that it shows no change in 
temperature since baseline log last night (i.e., no cement in water 
well. Nipple down 30" diverter stack. 

1430 - Cement level in annulus has fallen back to approximately 160- 
180 ft. Will do a top job, pumping through fill line. Temperature 
logging wellbore. 

1600 - Top job complete: 277 ft3 1:l perlite with 40% silica flour, 
then pumped 296 ft3 Class G with 40% silica flour. 
0600. 

Will WOC until 

9 / 8  

0500 - Cut off 20" casing, nipple down diverter and cut off 30" 
spool and casing. 

1000 - Weld on 20" flow nipple and flow line. 
1400 - Pick up 17-1/211 bit and run in hole to drill out cement and 
float collar in preparation for wireline coring. 

1800 - Drill cement from 2474' to 2522,. 
2300 - Pull out of hole and lay down drill pipe and collars. 
9/9 

1000 - Pick up 5-7/16" SHR core bit, 17-1/211 nonrotating stabilizer 
and special Ocean Drilling Program 5" drill pipe. 

1600 - Circulate mud out of hole with water. 
1800 - Drill cement with core bit to anchor drill pipe from 2527' to 
2534'. 

2200 - Circulate to clean hole. 
9/10 

0000 - Pull drill pipe from hole to remove stabilizer and nipple 
down flow line. 
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0300 - Install and weld 20" wellhead using llHot-Headll pre-heat and 
post-heat tools. 
post-heat. 

Test welds with gas to 200 psi at 7500F after 

1400 - Install 2011x1011 companion flange and 10" tubing hanger spool. 
1600 - Ran in hole with SHR core bit on 5" ODP drill pipe. 
drill pipe in the tubing spool with a double box hanger. 
leaves the core bit at 2532', 5' into and 2' off bottom of anchor 
hole. 

Landed 
This 

1800 - Nipple up 1011 3000 psi master valve. 

1900 - Clean mud tanks. 
9/11 

1000 - Pressure test casing and wellhead to 800 psi for 15 minutes, 
no leaks. Continue cleaning mud tanks and location. 

9/12 

1600 - Finished cleaning tanks and location. Released rig and crew, 
Jackson equipment still cleaning waste sumps. Will start rigging up 
for coring on 9/25. 
cleaning. 

Location shut down except for Jackson's sump 

9/2 5 

0800 - Tonto Drilling CP-50 electric/hydraulic core rig on site. 
This rig will be powered by a 200 hp electric power pack powered by 
the Loffland rig. It will be mounted on the Loffland rig floor and 
will use a sheave wheel suspended from the traveling block to allow 
rod handling with the CR-50 drill hoist. 
schematic of core rig operation. 

See Figure 2 for a 

0900 - Crane on site to set power pack, core rig, core rods and 
tools on rig floor. 
table and floor. Crane also setting core rig mud pumps and tanks on 
drill pad below rig floor. 

Welder on site to tie core rig down to rotary 

1400 - Check out CP drill and mud system, all check OK. Rig up 
complete. This went very well. 

1600 - Nipple up 4 "  Hydril, choke and kill lines. 

1800 - Run core barrel in hole and test BOP equipment. Will shut 
down until tomorrow daylight tour. Then will start 24 hour 
operation. Each tour will consist of a two man crew; one Tonto core 
driller, with a Loffland driller to operate Loffland equipment and 
help the core driller. A Loffland rig superintendent will also be 
on duty. 
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1 I' 4 
9 / 2  6 : I  

~i 
0800 - Start tripping in coring-rods in 10' lengths. 

1000 - Test BOP and rig equipment. 
BLM. 

Test witnessed and approved by 

2000 - Finish tripping in and start coring and washing cement at 
2522'. 

PREVENTER 

DRILLPIPE 
HANGER - 

NOT TO 
SCALE! 

CEMENT 
LARGE BIT 

CORE RODS 
AND CORE BIT / 

Figure 2 -- Schematic of core rig operation. Core rig is placed on 
large rig's floor; core rods travel inside ODP drill 
pipe, which acts as an "artificial wellbore". 
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9/27 

0700 - Cored to 2572', retrieved float shoe valve at 2556' and new 
formation at 2568'. 

0800 - Bit plugged, cannot break circulation, may have dropped some 
core. Will pull drill rods to unplug bit. 

1430 - Out of hole, bit plugged with heavy coarse sandy material and 
LCM . 
1500 - Start tripping in hole. 
2100 - at 2550' start washing hole with fresh mud and wash to 2572'. 

2200 - Start coring new formation, core from 2572' to 2576'. Cored 
4" and recovered all of it. 

9/28 

0800 - Going good, cored to 2624' with complete recovery. 

2000 - Core driller shift change, cored 60' to 2684'; got it all. 

9/29 

0130 - Still coring, at 2724' but losing some returns. 

0800 - Now getting full returns. Cored to 2744' with better than 99% 
recovery. 
rings in pipe. 

Change out mud to remove solids that are causing mud 

1100 - After coring to 2754' and pulling inner barrel the core pipe 
became stuck. Cannot circulate, rotate, pull up or push down. Core 
bit is 2' off bottom. 

1800 - Working stuck pipe, will take some f l u i d  at high pressure but 
no returns. Have tried pulling, pushing, surging and rotating, but 
cannot move. Will try just leaving them until 2400 hrs and then try 
again. 

9/30 

0300 - Still working stuck pipe, broke circulation with high 
pressure and are getting a very small return. Pipe moved down 1/2' 
but still stuck. Pumping down soap to help free pipe. 

0900 - Applied reverse torque to core rod and unscrewed it about 
400'down. Blew air down core rods to unload fluid above break. 
Made up core rod joint but still no luck. Continued working pipe 
and called out loggers to run free point log and cut pipe. 

2130 - Loggers arrive. Rig for free point log. 
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2230 - Log indicates rods stuck at 2644' and free at 2634'. 
jet cut rods at 2520'. 
the ODP pipe above the cement level in the 20" casing. 

Will 
This will leave the top of the core rods in 

10/1 

0100 - Rig down loggers. 
rods in 10' lengths. 

Start tripping out and laying down core 

1000 - Finished tripping out with core rods. Rod tally indicates top 
of jet cut at 2511.2' and cut was clean. 
Left in the hole - bit at 2753' on a 13' HQ core barrel with the 
inner tube removed, 22 whole 10' HMQ core rods and one 8 . 5 '  cut HMQ 
rod. Cut is at 2511.2' KB. 

The hole TD is 2754'. 

1100 - Start displacing drilling fluid in hole with water and 
corrosion inhibitor. Start removing coring equipment from rig 
floor. 

1400 - Corrosion inhibitor circulated through ODP pipe and casing. 
Air lifted fluid to leave fluid level at 234 ft. Shut in well and 
secure. 

1800 - Finished highlining core rig, power pack, rods and tools from 
rig floor. Shut down operation until daylight shift tomorrow. 

10/2 

1000 - Finished packing coring equipment, cleaning core mud system, 
nippling down BOP, and securing equipment for the winter. 

1100 - Released Loffland and Tonto rigs. Jackson equipment still 
cleaning sumps but we are not generating any more drilling fluids. 

PHASE I COMPLETE 

[See appendices for detailed listing of LCM, drilling fluid 
additives, rig time breakdown, bit records, and daily reports) 
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LIST OF ABBREVIATIONS 

bbl - barrel: standard unit of fluid measure in drilling 
practice, equals 42 standard gallons. 

BHA - bottom hole assembly; the combination of bit, stabilizers, 
drill collars, and other tools at the bottom of the drill 
string, i.e., everything below the drill pipe. 

drill string used just above the bit to apply weight. 
DC - drill collars; the heavy-walled tubular sections of the 

h.0. - hole opener: a cutter used above a bit to enlarge the hole 
diameter. 

KB - kelly bushing: the reference level at the rig floor from 
which all depths are measured. 

LCM - lost circulation material; particulate matter mixed with 

RIH - run in hole; tripping the drill string into the hole. 
ROP - rate of penetration; the rate at which the bit is 

the drilling fluid to plug loss zones in the formation. 

advancing. 

WOB - weight on bit: the force applied to the bit by the weight 
of the drill string components. 

WOC - wait on cement; time spent waiting for cement to cure. 
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APPENDIX A 

DETAILS OF TIME FOR VARIOUS RIG ACTIVITIES (Coring not included) 

ACTIVITY HOURS PERCENT 
~ 

Drill ing 
Reaming 
Tripping 
Circulate/Condition Mud 
Survey 
Lost Circulation * 
Run Casing 
Cement Casing 
Wait on Casing Cement 
Install BOP 
Test BOP 
Maintenance 
Wait on Tools 
Temperature Logging 
Direction Correction 

187.50 
24.75 
65.00 
19.00 
21.00 
371.25 
11.00 
3.50 
21.00 
15.50 
8.00 
10.00 
17.00 
2.50 
40.50 

22.94 
3.03 
7.95 
2.32 
2.57 

45.41 
1.35 
0.43 
2.57 
1.90 
0.96 
1.22 
2.08 
0.30 
4.95 

Totals 817.50 100.00 

* IILost Circulation1@ includes all activities from the time 
circulation is lost at a given depth until drilling is resumed 
at that depth - see details below 

DETAILS OF TIME FOR SPECIFIC LOST CIRCULATION ACTIVITIES 

ACTIVITY HOURS PERCENT 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Build Mud Volume 6.75 1.82 

Trip 68.50 18.45 
Rig Up/Mix Cement/Cement 28.25 7.61 
Wait on Cement 154.25 41.55 

14.81 Drill/Ream Cement 55.00 
Log/ Survey 12.00 3.23 
Other 9.50 2.56 

C i r cul ate/ Pump LCM 37.00 9.97 

371.25 100.00 Totals 
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APPENDIX B 

BIT RECORD 

Bit footages are divided into four categories: 

N = normal rotary, drilling rock 
C = normal rotary, drilling cement 
M = mud motor, drilling rock 
CM = mud motor, drilling cement 

BIT TYPE 

Smith DSJ 
Smith 2JS 
Security S3SJ 
Security S84 

FOOTAGE 
N C M CM 

393 329 
508 243 507 649 
44 296 

1039 102 

Note: In a hole with TD = 2568', total cement 
drilled = 1619'. 

.. 
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APPENDIX C 

BRIEF SPECIFICATIONS FOR LOFFLAND RIG 1202 

The Loffland Brothers rig used for this drilling has drilled the two 
deepest holes (both below 30,000 feet, both in Oklahoma) in the 
United States. Some of the rig capacities are listed below. 

* Mast capacity: 1000 tons 
* Height to crown: 177 feet 

* Maximum hook load: 750 tons as rigged (30,000 ft of 5" 
drillpipe); can be rigged for 1000 tons 

* Pump capacity: 2 pumps; 736 gpm each at 3260 psi 

* Drill pipe: 5-1/2"; 5-1/2" full hole tool joints 

* Prime movers: 3 ea Catepillar D-399 1100 hp diesels 

* Mud system: 1400 barrel capacity; shakers, desanders, 
desilters 

BRIEF SPECIFICATIONS FOR THE TONTO CP-50 CORING RIG 

The Tonto CP-50 is built as an underground diamond coring rig. 
Although it is often truck-mounted and used with a mast for surface 
drilling, it was mounted for this application on the Loffland rig 
floor and powered by the Loffland rig generators. 

* Manufaturer: Chicago Pneumatic 

* Powerpack: 200 hp, 460 volt, 3 phase electric motor 

* Drive: Hydrostatic 

* Maximum single line pull: 30,000 lb 

* Depth capacity: 11,000 ft 

* Drill pipe: 
* Pump capacity: 
* Mud system: 

HMQ wireline drill rods, 3-1/2" OD x 3-1/16" ID 
2 pumps; 35 gpm each at 1000 psi 

900 gallon mud tank, with 300 gallon mixing tank 
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APPENDIX D 

DRILLING FLUID ADDITIVES AND LOST CIRCULATION MATERIALS 

ADDITIVES : QUANTITIES 

VISCOSIFIERS- 
M-I GEL 
POLY PLUS 

451,500 lb 
75 gal 

FLUID LOSS ADDITIVE-POLYPAC 1000 lb 

THINNER-TANNATHIN 14,000 lb 

SURFACTANTS- 
DMS 
LUBE-106 
SURFAK M 

DEFOAMERS- 
ALUMINUM STEARATE 
DEFOAM-L 
DEFOAM-X 

OTHER COMMERCIAL CHEMICALS- 
CAUSTIC SODA 
IMCO SAPP 
LIME 
M-I BAR 
SODIUM BICARB 

LOST CIRCULATION MATERIALS: 

ATLOS (ground truck tires) 
A020 
A025 
A095 
CEDAR FIBER 
COTTONSEED HULLS 
DICK'S MUD SEAL 
KWIK SEAL, COARSE 
KWIK SEAL, MEDIUM 
MICA, COARSE 
MICA, FINE 
NUT PLUG, MEDIUM 
SAWDUST 

TOTAL LCM 
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480 gal 
130 gal 
55 gal 

225 lb 
140 gal 
25 gal 

2450 lb 
2600 lb 
3150 lb 
800 lb 

39,200 lb 

1300 lb 
300 lb 

3650 lb 
5800 lb 
6400 lb 
4320 lb 
4240 lb 

20,000 lb 
4400 lb 
3000 lb 

31,450 lb 
16,000 lb 
100,860 lb 



APPENDIX E 

TEMPERATURE LOGS 

The following temperature logs were made after completion of the 
coring operation. That is, the temperature sensor was lowered 
inside the drill pipe and core rods that are still in the hole. 
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APPENDIX F 

DIRECTIONAL LOGS 

The following directional survey was done after the completion of 
coring. 
rods. 

S u w e y  t o o l  travel was through the drill pipe and core 
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H I ~ C W W I I  nrci I-T IiR 1 T T  r x i i w x  
t t w  r i i  ANGI E I ~ l l i E C T I f l N  I.ENGTH 
I. Fr.. T 11 H 11 n F F F T  

1500. 1 1 N O 5 7 E  50. 
1 :,:-xJ. 1 f I  N l 4 3 U  50. 
1600. 1 1 w 3 2 u  50. 
1 (,!io. 1 9  N 3 1 5 U  50 e 

1 i w .  1 1 1  N 2 5 U  5 0 .  

1 7! .0 .  1 7  N 2 5 U  50. 
1000. 1 1 3  N O 2 5 E  50. 
I I l l . 0 .  I 1:; N 6 17 U :io. 
1900. 1 :!1 N 4 25 U 50. 
1 :'r.o. 1 I O  N 3 41 U 50 .  

2 0 0 0 .  1 1 0  N 0 2 1 U  5 0 .  
' r r ) r @ .  1 :'" . N 9 ? ? U  50. 
?lo@. l : ! 2  N 9 9 U  50. 
:*1 c.0. I 1:. N 13 2:; u 50. 
??OO. 1 I 9  N 11 13 U 5 0 .  

1 1 1 N :'3 4 1 u L O .  
1 6 N?: '1 ;5U !A). 

; o . ' . : . o ,  1 IO N 1 3  Y 11 !#0 .  
:'4<w, 1 1 1  N 23 3 1  U 5 0 .  
:' ? '  .0. O I . 1 1  I417 3 u  50. 

:'.,t)o * 1 0  N 2 U 4 3 U  :io. 
:'!#:#!.. J 0 N I 1  3 1  U 2 5 .  
'" ,c;r l .  1 7 1  N 7 7  4 U  :I:;. 
:'!*/!-. 1 1'; N 43 3:; U 2:;. 
?.',OO. I :':! f 4  0 .IO u ....I . 
I>(.:.'., 1 4 0  N 3:' 10 L1 27. 
., I ,  , .-,, ,. . 1 1 :1 f.I :10 4 7  u :.'!> . 

:. l?#, I i r i  N :'4 37 u :I!, . 
700. 1 :?0 N 2 4  1 u :!5 . 

.,c 

TRUE 
V E R T I C A L  

QEPTH 
F E E T  

0.00 
50.00 

100.00 
150.00 
200.00 

250.00 
300.00 
350.00 
400.00 
449.99 

499.99 
549.99 
598.90 
h 4 9  e 98 
69'). 98 

749.77 
7Y9.97 
R49.97 
Ci99.96 
949.96 

9v9 * 9:, 
1049. Y 5  
10Y9.94 
1149 - 9 4  
1199.93 

1249.92 
1299.92 
1349.91 
(-zoo on 

TRUE 
Ut l < l  JCAI  

OEFTH 
rFr  i 

14Y9.09 
1549.80 
1599.87 
1649.86 
1699.85 

1749.84 
1799.83 

1899.81 
1949.79 

1999.70 

? O Y 7 . 7 5  
:'I 4 Y .  7 4  
? 1 V Y .  73 

21349.71 
;':?Y9. 7 0  
:' 149 * 70 
'2 3 9 9 .60 
:'449.67 

:!4Y9.67 
4 .66 

:!549 66 
l l i 7 4 . 6 5  
? 5 Y Y  . A 4  

:!&:I4 . 63 
:' 6 4 9 * A :I 
?674 .6:' 
2 A 9 Y  -61 

1049. a7 

1049.77 

.,,-., 

V E R T I C A L  
S F C T I O N  

F E E T  

0 .00  
-0.00 
0.03 
0.00 
0.09 

0.14 
0.31 
0.32 
0 . 6 .? 
1.12  

1 - 6 0  
2.22 
2.7l8 
3.34 
3 . Y ?  

4.52 
:*a 11 
5 . 7 2  
6.37 
7. O:? 

7.67 
0.39 
9 e l:! 
9.04 
10.62 

11.44 
12.28 
13.09 
.-I 0 1  

VEI~TICRL. 
S l i C T I O N  

FL-T 1 

15.56 
16.47 
17.41 
10.35 
19.36 

20.35 
1 1  .xi 
7 3 . 4 1  
2.3.54 
24.70 

2 5 . 8 7  
21.90 
: w . i 7  
: @ a /  * 3 I 
.J 0 . 4 .I 

3 1  . ! e l  
32.4t3 
.I.<. 4:. 
5 4  * 49 
3Y8.44 

, 3 1 5 .  :?:i 

.I c, . t, 4 
31.11 
J/ .h7 
. % l 3 .  16 

311. 90 
.3'?.!;? 
40 .011 
4 0 . 6 5  

R E C T A N G U L A R  DOGLl:G 
C 0 0 R D I N A 1 E S S F V F R I T Y  

F E E T  O G / 1 0 0 F T  

0.00 0.00 0.00 
0.02 s 0.09 U 0 . 4 1  

0.20 u 0.20 0.02 s 
0.52 u 0.33 0.01 s 

0.06 s 0.01 u 0 .06  

1 .OB U 0.10 0.05 s 
0.03 S 1.3? u 0 . 1 ?  
0 . 0 4  N 1.54 u 0 . ? 4  

0.07 0 .33  N 
O . B 1  N 1.70  u 0.1'1 

0. ?J 1 . 3 H  N 
1 . V 3  N l .D? u 0 . 1 4  
2 . 4 0  I 4  1.u1 u 0 . 1 5  
.1.07 N 1.77 u 0 .07  
3 .  fuh N 1.7a u 0.03 

0 .  1 I3 4 . 2 6  N 
4 . m  N 1.114 u 0 . :'o 
5 . 4 8  N 1. I*? u 0 , . ' A  
6.17 N 1. /.' u 0.16 

0.11 A . U S  N 

7.49 N 1 .6Cl u 0.21  
8.72 N 1 . Af4 IJ 0 . 1 1 1  
0.Y7 N 1.64 u 0.14 
9.71 N l . h !  u 0 .  ?.' 

10.50 N 1 e h I LJ 0.01 

0.17 1.63 U 11.33 N 
12.19 N 1.63 u 0.13 

1 .[>fl u 0 . 0 3  13.00 N 

1.7? u 

1.w u 

1 . 13 I I J  

1 .69 U 

1 -I ',-I .I . , *  8 ,  n ,,-, 

COttF 'U lhT ION vnGr NCI. 2 
r 1ne I l A T E  

OY:16:09 20-NOV-LIY 

IIIIGI .r G R I . C ~  n t r c u ~ n r c  
c o o R ro I N n T E s ! ; w r : i ( [ i ~  

F E E T  t I G / l  0 0 1  1 

1.57 u 0.10 15.53 N 
1 . I.tI u 0. :I:# 16.47 N 

17.41 N 1.A7 u 0 . 2 4  
1.67 U 0.77 ltr.35 N 
1 . 7 2  u 0, 011 19.36 N 

20.31 N 1.75 u 0.113 
11.38 N 1.77 u 0 . ?? 
22.4; N 1.87 u 0.30 
1 3 . 5 8  N 1.73 u 0. :'? 
24.74 N 2.01 u 0 .11  

.,.- ... #.07 N 2.0'0 u 0 . 1 5  
2 1 . 0 3  N ? . I : ,  u 0 . 4 4  
:*14. ? I  Id 2 . 3 4  u 0.01  
:'a#..<.< N : ' . ! o &  u 0. .(O 
30.41 N 2.110 u 0 .  I / 

3 . 1 3  u 
3 . 5 2  u 
3 , V I  u 
4 . 1 4  u 
4.7:; u 

? n . l ' *  IJ 
!#. 4 0  u 
:; . A'/  u 
( 9 . 0 4  u 
/, . :1 I u 

0 .  0 ' 3  

0 .  I I ' l  
I * l l : ~  

I . 7 1  
I. 4.4 
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A P P E N D I X  G 

DAILY REPORTS 

The following pages comprise the daily reports submitted by the mud 
logger and the reports submitted by Sandia field personnel to a 
distribution list of approximately 75 persons and agencies, 
including DOE, universities, local government, BLM, and interested 
scientific investigators. 
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DOE / SANDIA MAGMA ENERGY EXPLORATORY WELL DAILY DRILLING REPOR 
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EP_D_C-WE?=I..L~~_G_ZN_C;, 
DOE/SANDIA MAGMA ENERGY WELL LVF 51-20 DAILY MUD LOG REPORT 

3 
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I L i t h c l D g y :  j I n t e r  x: a 1 I Description 
1 

I * f t  L O S T  C I R C U L A T I D N ,  i\10 R E T U R N S  'Tci S U R F A C E  
1 I - f t  I 

f t  i 
- f t  I 
- f t  l 

- 
I 

I 

I 

- 3 6  - 
I 



EPOCH WELL LOG6SNG 
DOE/SANDIA MAGMA ENERGY WELL LVF 51-20 DAILY MUD LOG REPORT 
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DOE / SANDIA MAGMA ENERGY EXPLORATORY WELL DAILY DRILLING REPOR' 

D a t e :  E - 0 4 - 8 9  : T i m e  of R e p o r t  08:QO : D a v s  s i n c e  s p u d :  2 

Well N o .  L V F  51-20 I L o c a t i o n :  NW 114,  NE l i 4 ?  S e r . 2 0 ,  T 3 S ,  R ? 8 E ,  Mlsno C c u n t v  C A  
- - - - - - - - - -_-__-__^--------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i r e c t i o n a l  S u r v e y  I Measurement D e p t h  i A n g l e  ; A z i m u t h  t Dog i r g  S ~ v e r i t y  

I I I I 
I I I 

I I I I 
I I I I 

I , 
I I 8 

I I I 

I I I 

I I I 

I I ! 
t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SUMMARY O F  Y E S T E R D A Y  ' 5  OPERATI DNS 
W F i i T  ON C E M E N T ,  PiltElF 2 0  SES S E L  fi E M P T Y  EUD S A C K S  AS L C M ,  C l R C  HCiLE C L E A N .  
P / U  3 6 "  HLlLE 2PENER. D F i i L L  FRDM 9 ! ' - 9 3 ' !  L O S T  R E T L I E N S ,  EL!!LD ?!LIZ VDLUME. D R I L L  
T D  4 t ' ,  L U S T  C I h C U L A T i O N ,  C I R C U L f i T E ,  POOH FUR CEMENT P L U S  # 4 ,  C E M E N T  ki 215 -TT r i d  
2 - 1  P E R L I T E .  # A I T  ON C E Y E N T .  RIH TA6 CEnENT @ 5 4 ' ,  P / U  36" H O L E  O P E N E R .  D R I L L  
S O F T  CEWENT T O  7 1 ' .  C I R C U L A T E .  
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WICH ML m1N6 
DOE/SANDJA MAGHA ENERGY WELL LVF 51-20 DAILY MUD LO6 REPORT 

932 94 
%6 93' 

0 
8.6 
8.6 
11.4 9'2 
11.25 % *  
65 FA 
64 92 

fi 
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)E / SCINDIA MCIGMCS ENERGY EXPLORATORY WELL DCIILY DRILLING REPORT 
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EPOCH WELL L O I I N 6  
DOE/SCINDICI MCSGMA ENERGY WELL LVF 51-20 DAILY MUD LOG REPORT 

Resort bv: bl!L EILROUR I 
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DOE / SANDIA MAGMA ENERGY EXPLORATORY WELL DAILY DRILLING RE 

.................................................................................................... ................................ 

_______..._.__.I..___.__I..._.__. ... "._ . _.- --.-......_._-...."-..I- - ....... _-. ... - .... ....... __ ....... __ ......... 

............... ........................ ........ 

... .................... ...... ....... ..................... ............................ 

I 

......... ........... ................... 

. __.___...._.__.._ ............................................................... - . ......... 

F' ....... .} k., .y : ,JL?;-lt\l !r I NBER \ e p \ x . -  . 
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EFP~H--WELL---C__EZGGING 
DOE/SANDIA MAGMA ENERGY WELL L V F  51-20 DAILY MUD LOG REPORT 

Hermit Date 6-6-69 
Report TirE 68:OO 
Days S i n c e  Spud 4 
Present Depth 520' 
Prior Depth 1 4 3 '  
2.1 Hr Ffjcl!$P 177' f Present k c t i v i t y  (09:OO): AIGEINE UP T O  CEnENI LGS! iIEC lDNE 
Dri l l i n?  tirs B 
h q  RDP tr TIPIE 21 
FiOP i s  in Fee!/Hwcr 

: 

t 

Synopsis  of Rig R c t i v i t y ,  Last 24 Hrs: DRILL & SURVEY FRDY 96' -320' ,  LOST CIRCULRTION, 
BUILD VOLUHE L PUNP 100 BB! LOST C'IRCULATIDtl PILL :  POOH: !IS UP HDWCO; PUB? PLUG l i b ,  
310 FT3 2-1 PERLITE NIX: W A I T  Uti C'ENEHT: R I H  h. Tlj6 C E H E N i  264'. C!Ri H HC RETURNS; 
PUNP LCt! PSLi: P0I)H: RIE UP HDWCO FOR CEKENT PLUG I!. 

I 

t I 

I Nett S i g n i f i c a n t  A c t i v i t y :  CEHENT, #A!? OH iE%ENT 
I 1 

, 
I I DRI !LINE PARMETERS ANALYS! S LITHOLBG! 
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DOE / SANDIA MAGMA ENERGY EXPLORATORY WELL DAILY DRILLING REI 

......................................... ............................. -. . . . . . . . . . . . . . . . . .  

... _ _ _ _  .... .. . _ _  -.. ..... ............ ............. 
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DOE 1 SANDIA MAGMA ENERGY EXPLORATORY WELL , DAILY DRILLING REF 

I I 

I I I 
8 I 

I ! 

... " .... ~ . - -_ _. _. - .  ... _. ... -. .. ... _ _  . . ..... _.__ 
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EPOCH HELL LO66IN6 
DOEISANDIA MAGMA ENERGY WEL L 'F 51-20 DCS I 
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DOE / SANDIA MAGMA ENERGY EXPLORATORY WELL DAILY DRILLING REF 

- ..... ............. ...... - ..... .... ~. ........ ~ __  .. _ _  - ....... .... _. ............ .... - ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . .  I-- 9 ' ' i!t' 1 j, !. .I. :.;12 r .\ ;-i.1. i.; 1 

I ?  j (1:) i:: ~, i I ' T " ,  
1 :  A 

. . .  
I:: .i. !. s :.I i ;.: -1 . J. D r -, I2 :.I ; 

; . I ! . ; .  '. ., I: !' 

. .  . . . . . . . . . . . . . . . . . . . .  ........................... ". _ .  .. . _ - .  . _ . . . .  . . . . . . . . . . . . . . .  _. . . . . . . . .  . . . . .  _ _  .... 

I .  

I i J :> 1, j .  !-j !.) ; ; - 
,. : ! 1. 11: .- + .!.. j 

8 
I 

I I I I 
6 I 

I , , 
. ... ..... - . . . .  - . . .  - 
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. 
EPOCH WELL LOGGING 

DOE/SANDIA MAGMA ENERGY WELL LVF 51-20 DAILY MUD LOG REPORT 

R e p o r t  D a t e  I S y n o p s i s  o f  R i g  A c t i v i t y ,  L a s t  2 1  H r s :  BUILD VOLUME, PUMP CEMENT PLUG 1 9 ,  310 FT3 a 9 3 ' ,  UAIT 
R e p o r t  T i n e  1 ON CEMENT, R I H  8 TAG CEMENT @ 9 7 ' ,  DRILL CEMENT 8 REAM TO 2 9 1 . 1 ' ,  C I R C ,  M I X  & SPOT LCM P I L L ,  
Days  S i n c e  Spud 7 1 STRAP OUT OF HOLE 8 LAY DOVN 36' TOOLS, RIG UP & RUN 30' CASING. 

, P r e s e n t  D e p t h  320' I 
P r i o r  D e p t h  3 2 0 '  I 
21 H r  F o o t a g e  0 I P r e s e n t  A c t i v i t y  (08:OO): RUNNING 3 0 "  CASIN6 

Avg ROP b y  TIME I N e x t  S i g n i f i c a n t  A c t i v i t y :  CEMENT 30"  CASING 
ROP i s  i n  F e e t l H o u r  I 

........................................................................................................................... 
8-9-89 
08:OO 

. D r i l l i n g H r s  0 I 

........................................................................................................................... 
I 

I 
DRILLING PARAMETERS ANALYSIS I LITHOLOGY 

MAX DEPTH MIN @ DEPTH AVERAGE I G e n e r a l  D e s c r i p t i o n :  (See DIGITAL MU0 LO6 for d e t a i l s )  
ROP 30 b y  RATE I NO NEV LITHOLOGY 
UOB 3 K - l b s  I 
RPM 10 I 
TRQ 
PP 

aaps  
0 P S I  

MUD t GAS PARAMETERS ANALYSIS 
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DOE 1 SANDIA MAOMA ENERQY EXPLORflTORY WELL D A I L Y  D R I L L I N G  RE 

, 
.............. ............. ........ -- ...... ..... ...... .............. ... . .  . . . . . . . . . .  .- 

SI_! tqp! 
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Report Date B-11-87 
heport Time 0B:OO 
Days Since Spud 9 

Prior Depih 3211' 
24 Hr Footaoe 0 

pfE5ent Depth 320' 

Syncpsis oi R i g  k c t i v i t y ,  Last 24 Hrs: CDMPLETE CEEENT TEE' X, &IT DM CEKENT, :LIT 40", 
3S. lMSTkti h. YELC #ELL HEAD, N ? P W  UF #ELL HELD. 



DOE 1 SANDIA MAGMA ENERGY EXPLORATORY WELL D A I L Y  DRILLSNG REI 
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EPOCH WELL LO66IW6 
DOE/SANDIA MAGMA ENERGY WELL LVF 51-20 DAILY MUD LOG REPORT 
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DOE / SCINDIA MAGMA ENERGY EXPLORATORY WELL DAILY DRILLING REI 

1->al;~.:: 8-.12;-89 f ' r i j r l p  e+ f?fil-jc,r..b. I - '  O m :  (I!() 1 l ' , ayy ;  s i r i c e  zpk.\!j: I j. 
____________ .__ .________ .___ . I - . -___  ..... -. ... ... ... .... -.-_ ... -__ . ...... -. - ................. - .- - . 

.. f;; a';) .r ,-: 
hie], 1 pd[:J. L-.(,Jf-" c.;j, -_, --.'7'" i 1.- 01: a-i i UI'I  N til 3. i 4. 4 rdE 1 :i q, S (2- I 20 , '1 .-.& :- N o r i o  ' 

. ..__._.._._..._-.. ........ ................................ 

Dt: ?,-" kb-, 1'(3cjav 'yEj7'  .*. c . I t 7 - r - -  ," ~5 r.J -:. t:. h 'i i:+ st- . :;i,q' 1 f " t - o g y  e%.;, i-.t ; J<,:>$:;l.t.j r.:g \-+r-z, t-' 
...... -, _.-_.___ ... ... -- ............................ ...-. .......... -. -...- ......... -. .. .. ... ............. .- ..._- ........ ---. ...... 

: I  ' f l u  1. c=: .-. . yr ,.;,!,J ,.. :! ,;><: :;;3;7. ' I:::,, E<. i j.jcjp,, D j . - i  1. 1. i j . , L j  . 

1.3 :; .!, fir:< \*, !! 

>2 1 2, & ('j r j  p .k, 1.: i:~ 4; 5 !r c: ;t. 3 i, I ;. LJ : 
_...- ................... .................................................................... ....................... ............ . . . .  

j..ip,, \ ~ j ~ . ~ ~ ~ ,  i p\::,:!.::r:, ' ' l ' > 3 . ; , j i ~  i : \ r ,  f (1 ! i,;r>;:. ; :,.?.*vi ; 
. . . . . . . . . . .  , 

: I  

I ,  i A .  I ,. I - ? \ (  , !  
+ <.) ! L i L; :,.I I : 

I I I 
I 8 I 1 I 

........................ ............ ............................................................................................................................................................. 
I ! I 

, ' T;'.i ! 
! ,;. i 

j,' i- i 
. i :  .) : 

I , L  I 

. . . . .  'I' ?- j 

.............................. ....................................................... ................................................................................................................. - 

E,.- f, 1 ;lei I:-- . 'i %,) ~ . i i.; _I  1 .. 
. . . . . . . . . . .  .:., ,! / I  !,! ; J#.;.;,;.: ! ,.:; I ' " . .  .. .) . . . . . .  . I :  : ..j.l 

c. I !'" c I_; .L '5,. I. 1 

[:. ' . : , -  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . .  ............ ..................... .... ........... ......... - ... ................ ... .............. . 

........... - -- ... - ... ... -.. ................... - .. ........... - .......... -. . . . . . . . .  ....... .- .... __ .... _ _  .. .- .... ..- ,_ 
~ _. . . . . . .  

1- 
6 !:< (-ji'.J ,.: J 
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DAILY DRILLING RE DOE I SCINDIA MCSOMA ENERGY EXPLORATORY WELL 

- ._- __ _- __.__.I. __.-- .. .- .... ._.. .. .._ .... ... ..-. _- -_ ... .-. .. ._- ...... . .  -. ... - .  ... ............. ._ __ ....... .-. ............ .. ._ 

I 

I 

I , 

, I 
6 

I I 

, 
.. ...... .... ---_ ..... _- _ . ................... ... 
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DOE I 8CINDICI MhGMCI ENERGY EXPLORATORY WELL D A I L Y  DRILLING RE 

............................................. ........... ..... . .- .. ........ ........ .............. ... ... . . . . . . . . . .  ............ 

I I , 
I I 

I-. -. ... -.--._ . -- ..... I .- ... - -- I ..... .- ..... -- ........... - _- ........................................... -. ........................................ 

............... . .-------.--.-I.-.-. .... I ..... ....... ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  . _  
pcrz l ~ 3 1  .' " ' 1 .  L-1, ..:: ; !Z:[-jN , 7 ~ j C ~ j j B $ ~ ~ r ~ j  
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EPOCH #ELL LOGGIHC 
DOE/SANDIA MAGMA ENERGY WELL LVF 31-20 DAILY MUD LOG REPORT 
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DOE / SANDIA MAGMA ENERGY EXPLORATORY WELL DAILY DRILLING REP 

. I-.. ....... ... . . . . . . . . . . . . . .  ....... 

i,.i .:_ I. .... 1 .. 
L t I LJ .L L f  ii ;;;' 

I 1 .  ' ,J, .;. i 
I .  I 

4. [. 
> 
8 .f. -1 j 
I ..:' .t j 

- .......... .- ................. ....... ....... -. . . .  ........ . . . . . .  .. 

. .  
j ( - 1  " :.I 

, . > ,  . 
i ' : , ; ', i,,,! .;,, " * I . _. 

[I!,;., j I cLT! ; 
....... - -. ......... ................................. - ........................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

!: , .- ... , 1.i t..' I , t I - i .  
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#RX h DEFTH :!:It B DEPTH AVERAGE I General Description: (See DIGITAL HUG LOG for detai ls)  
nw 4; 4 3 7 '  Z 157' 12 by RATE I NO WD RETURHS, 140 SAHPLES TO ANALYZE 
mob 31 491 i 0  447' 22 k-lbs I 
RPH b3 4 b t '  ;? 451' 51 
TRQ 39 465' i 0  447 '  17 amps I 
PP 534 450' 34 459'  237 PSI I I 

I I 
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EPOCH WELL L0661N6 
I)OE/SANDICS MAGMA ENERGY WELL L V F  51-20 DAILY MUD LOG REPORT 

, 
DRILLING PAirAHETERS GNriLl 'SIS 

nAr e DEPTH mi e DEPTH AVERAGE 
ROP 59 476 2 489' 15 by RATE 
MOB 18 476 '  11 M 9 '  15 K - l b s  

TRR 29 477 '  I1 495' 17 amps 
PP 469 470' 234 518'  360 PSI 

RPH 74 5(l(i' 1 1  489' 58 

I 

I 
I L 1 THDLOGY 

i General D e s c r i p t i o n :  !See D I G I T A L  HUD 106 for d e t a i l s )  
! 90-IOOX RHYOLITE- LIGHT ERONNISH GRAY DYERGLL MITH CUHHON TO 

OCC4SIONAL GRAYISH FINK BkNDIK6 GND DECREASIHG TUFFGCEOUS IWTER- 
f LllffINATIDNS, DECREASED f lDTTLIN6,  HGRD, HDD BRITTLE,  COHFETEHT! 
I APHANITIC WITH RbRE QUARTZ PHENOCRYSTS, FINELY SUCRDSIC TEXTURE, 
I RGHE ALTERATIONS AND DEV!RTR1FICATIOH. 

I 

I 
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DOWSANDIA MAGMA ENERGY WELL LVF 51-20 DAILY MUD LOG REPORT ----_--------------------------------------------------------------------------------------------------------------------- 

Report Date 
. Report Tiar 

Days Since Spud i b  
Present Depth 518' 
Prior Depth 518' I I 

24 Hr Footage 0 i PresPnt Activity (08:OO): WAITING ON CEHENT 
Drilling Hrs 0 I 

Avg RDP by T I H E  0 : Next Significant Activity: RIH At46 TA6 CEHENT, T H E N  D!RECTIDNALLY Dfi lLL TU STRAISHTEH T H E  
fiOP is in Feetl'tiour I #ELL. 

8-!F!-B9 f Synopsis of Rig Rctivity, Last 24 Hrs: WAIT O# SUfiVEY TODL, RE-SURVEY, POOH, R I H  A N D  SET 
0B:Di; I CEHENT PLUG B 5 1 6 ' ,  WAIT OH CEMNT, WIH k Ti16 C E H E l T  8 4 1 2 ' ,  POOH ANIj SET ANOTHER CEHEMT 

PLUG @ W ' ,  POOH & MAIT ON CEHENT, 
I 1 

I 

-------------------------------.-------------------------------------------------------------------------------------------- 

I , 
, D R I L L  IN6 PARAHETERS' ANALYSIS I LITHOLOGY 
1 

flAY !? DEPTH f l l H  g IrEP'IH AVERAGE ; General Descripiion: (See 515!lAi HUD LlrG f u r  d e t a l s )  
ROP by RATE I 
wo5 )I:-lbs I 
w n  ti0 HE# LITHULiXY DRILLEO 
TRR arps I 
PP PSI 6 

1 

# -----___-----___--__------------- 

c02 
EOND I H  
CDND OUT 
H2S 
HYDC 6RS 
t l W  IN 
nw OUT 
pn IN 
pH OUT 
TEWP IN 
TEHP OUT 

i 

WAX C DEFTH Nl# 6 OEPlH AVERAGE I 

PP& f 
pph Mac1 I 
pps NaC! ; 

pppl -------_---------_----------------------------------------------- 
units ; 
I t / 9  I Sample Logging Conditions, other remarks: 
l b i g  t 

I I 

1 

deg F i 
deg F ; 

I 
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. 

1 I THOLDGY 

General Description: (See DIGITAL IUD LO6 for de!ails) 
RHYOLITE - PALE RED TO LT BRUSH GRAY Y OCC REDDISH ORAWGE 
HOTTLING AND BANDING, NOD HARD, APHFINITIC, WITH OCC PUARTZITIC 
IHTERLAllS SOUNDED BY REDDISH ORAMGE K-FELDSPAR BANDS, RARE 
RUARTZ PHENOCRYSTS, OCC PARTIALLY DEVITRIFIED, CORHON FRACTURES 
WiTH IRON OXIDE STAINING WITHIH THE UPPER DRILLED INTERVAL 
DECREkSIN6 WITH DEPTH. 

1JUD t 6AS PARMETERS AtIAlYSIS I 402 FDRIIATiOW @ 386' 
I 50% FORflRTIDN 'd 400' - 4 4 0 '  

HA1 8 DEPTH R l N  @ DEPTH AVERAGE I 752 FORHATIOW 4 449' 
co2 557 409 314 323' 4% ppr : 
COND IN 3760 4 1 4 '  3012 Z 2 7 '  3439 ppr NaCl I 
COND OUT 2924 393' 2 4 2 9  533'  2715 ppm NaCl I 
HZS 0 0 
HYDC GAS 0 0 0 units 1 
nw I N  8.6 E a t  E.6 ) b i g  I Sample Logqing Cond~tiuns, other rerarks: 502 CEhEEHT CDIITGH- 
MY uti1 8.7 345' 9.5 4 1 4  b.6 l b i q  IWA!IDN. 

pH OUT 12.1 320' 11.8 4 1 4 '  i!.? 

TEHF DUT 37 9L5 I +  d1 70 deg F ; 

fi ppr ---------------------------------------------------------------- 

pH I N  12.0 43i' 11.9 1522' 11.9 t , 
I 

TEHP IN 80 411' 7' 533' 7 7  deg F i .. 9 -  
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EPOCH WELL LO661116 
DOE/SANDIA MAGMfi ENERGY WELL LVF 91-20 DAILY MUD CDG REPORT 
-----------------------------------------------____c_______----------------------------_-------------------------- 

Report Date 8-25-89 I Synopsis of Rig  Activity, Last 24 His: WAIT ON CEHENT; RIH b TAG CEHENT e 511'; TDH; RIH WI 
Report Tine 0B:OO t HDNEL b BIT; CIRCULATE; DRILL 2 '  CEHENT; CLEAN DUT CEHENT TD 658'; TDH; RIH; PUHP WASTE 

Present Depth 674' i 590'; TDH; RIH; PUHP WATER t HDWCD PILL; SET CEHENT PLUG 128 AT 590' ,  
Prior Depth 674' I 

24 Hr ~DDtagt?  0 ! Present Activity (08:OO): SET CEHENT PLUG 128 
Drilling Nrs 0 1 

Av9 RDP by TIHE 0 I Next Significant Activity:  WAIT 011 CEHENT & DRILL SAHE TO NEW FORHATIOH. 
ROP is in Feet/Hour 

- Days Since Spud 23 : WATER, FRESH WATER, a CEPALITE; SET CEHEWT PLUG 427; HAIT ON CEHENT; RIH t TAG CEHENT e 

I 

I 

I 

I 

DRILLING PARAHETERS ANALYSIS LITHDLDGY 

HA1 e DEPTH HIN B DEPTH AVERAGE I General Description: (See DIGITAL #UD LO6 for details) 
ROP b y  RATE : 
WOB K-ibs I 
RPH I NO NEW llTHOLD6Y.. 

TRQ a lps  : 
PP PSI 1 

................................. I 
I 

nu9 f 6AS PARAHETERS ANALYSIS I 

i 

HAX @ DEPTH f lIN @ DEPTH AVERAGE I 

CON5 IN ppm NaCl 1 
CDHD OUT ppn NaCl : 
H2S 
HYDC 6AS units ! 
HU IN Ib/9 I Sarple Logging Conditions, other remarks: LOST ClRCULATIDN AT 
ny OUT lb19 : 582' AFTER CEHENT PLUG 126; PLUG #27 UDULD NOT HOtD FLUID. 
pH I N  I 

pH OUT I I 

TEllP IN deg F : 
TEHP OUT de9 F I 

CD2 PPn 

ppm I .............................................................. 

1 

-----------------------------------------------------------I 
CDnn 6a5 / Trip 6as 1 Hethane : NO Hydrocarbons I 

I 

-----------------------------------------------------------!--------------------------------------------------------- 
CARBIDE LA6 ain @ ', units, SPH # = 
Actual Lag = X pump eff) I Saaple Shaker Screen Size: rll=40/60 b 12=40/60 HESH 
Ilud VIS out = , 500 gram5 Carbide, Hinutes Duration 
Theoretical Lag minutes # ' WISP# I = I Latest Screen Size Change on, 8-2-89 (Start d well) 

I 

2 ThEDr DPEN HDLE Lag (pres. 
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EPOCH WELL.. L-OGG I N G  
DOE/SANDIAAGM~~ ENERGY WELL LVF 51-20 DAILY MUD LOG REPORT 

Report Date 6-26-99 t 
. Report Tire M : O O  1 

Days Since Spud 24 
Present Depth 674' 

' Prior Depth 674' 
24 Hr Footage 9 I 

Drilling Hr5 0 
Avg HOP by T I N E  0 
ROP is in Feet/Hour 

I 1 

I I 

I I 

I I 

I 

I 1 

----------------------------. 

Synopsis of Rig Activity, Last 24 Hr5: YGIT ON CEHENT, RIH tr TG6 CEHEtlT e 500' ,  CIRC k 
CDHDlTIDN HUD,  RIH U I T H  BHA, DRILL CEWENT TO 5 8 2 ' ,  LOSSING CIRCULATION e 5 6 3 ' ,  PUHP LCH PILL 
DRILL CEHEHT T O  b o o ' ,  POOH, R I H  tr SET POLYflER PLUG, M A I T  OM POLYHEk,PUWP 350 BbLS FLUID Ill10 
HDLE, HD FILL, PUHP CEHEHT PLUS D30, M A I T  DN CEtlEfU, RIH TA6 CME#T B 36', AT'IEHPT TD FILL 
HOLE, POOH. 
Present Activity (08:OO): PREPIRIMG TD R!H t CEMENT 

Newt Significant Act iv i ty :  CMEM PLUG # 31 

I DRILLlNf PIftAt?ETERS ANALYSIS L ITHOLCtGY 
I 

#AX P DEPTH H I N  e DEPTH AVERAGE I General Description: (SeE DIGITAL HUD LO6 for details) 
RDP by RATE ! 
YOB K-lbs 
RPW I I 

TRQ aBps I NO NEW LITHOLOGY 
PP P S I  I 1 
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