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ABSTRACT 

This  r e p o r t  i s  a review and summary o f  the  core d r i l l i n g  
operat ions o f  the f i r s t  Val 1 es Caldera research borehole 
(VC-1) under the  Thermal Regimes element o f  the  Cont in ten ta l  
S c i e n t i f i c  D r i l l i n g  Program (CSDP). The p r o j e c t  i s  a p o r t i o n  
o f  a broader program t h a t  seeks t o  answer fundamental scien- 
ti f i c  questions about magma, rock/water i n te rac t i ons ,  and 
v o l c a n o l o g y  t h r o u g h  s h a l l o w  ( < l - k m )  c o r e  h o l e s  a t  Long 
V a l  l ey ,  Ca l  i forn ia;  S a l  ton  Sea, C a l  i forn ia;  and the  Va l  l e s  
Caldera, New Mexico. The r e p o r t  emphasizes co r ing  operations 
w i t h  reference t o  the s t ra t i g raphy  o f  the core hole, core 
q u a l i t y  descr ip t ion ,  core r i g  spec i f i ca t i ons ,  and perform- 
ance. It i s  intended t o  guide fu tu re  research on the core 
and i n  the  borehole, as we l l  as have app l i ca t i ons  t o  o ther  
areas and s c i e n t i f i c  problems i n  the Va l les  Caldera. 

The primary ob jec t ives  o f  t h i s  Va l les  Caldera co r ing  
e f f o r t  were (1) t o  study the  hydrogeochemistry of a sub- 
surface geothermal ou t f l ow  zone o f  the  ca ldera near the 
source o f  convective upflow, (2 )  t o  ob ta in  s t r u c t u r a l  and 
s t r a t i g r a p h i c  in fo rmat ion  from in t raca lde ra  rock formations 
i n  the  southern r i n g - f r a c t u r e  zone, and (3 )  t o  ob ta in  con- 
t inuous core samples through the  youngest vo lcanic  u n i t  i n  
Va l les  Caldera, the Banco Bonito r h y o l i t e  (approximately 0.1 
Ma). A l l  ob jec t i ves  were met. The h i g h  percentage o f  core 
r e c o v e r y  and t h e  e x c e l l e n t  q u a l i t y  o f  t h e  samples a r e  
especi a1 1 y notable. 

New f i e l d  sample ( c o r e )  h a n d l i n g  and documenta t ion  
procedures were successfu l ly  u t i 1  ized. The procedures were 
designed t o  prov ide cons is ten t  f i e l d  handling o f  the  samples 
and logs  obtained through the na t iona l  CSDP. 
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I. INTRODUCTION, SCIENTIFIC GOALS, AND PRELIMINARY RESULTS 
A. Object ives 

The Val les Caldera Core Hole No. 1 (VC-1) i s  the f i r s t  Cont inental  

S c i e n t i f i c  D r i l l i n g  Program (CSDP) (Thermal Regimes) core hole i n  the ValleS 

Caldera (Gof f  e t  a l .  1984). It i s  a lso  the f i r s t  cont inuously cored d r i l l  

hole i n  the Jemez Mountain region. The primary s c i e n t i f i c  ob jec t ives  of  the  

core hole were t o  core the youngest i n t r a c a l d e r a  rhyol  i t e  ( Banco Boni to 

r h y o l i t e ,  age approximately 0.1 Ma), t o  ob ta in  s t r u c t u r a l  and s t r a t i g r a p h i c  

informat ion near the i n t e r s e c t i o n  o f  the Val les Caldera r i n g - f r a c t u r e  zone and 

the precal  dera Jemez f a u l t  zone, and t o  i n v e s t i g a t e  a high- temperature hydro- 
thermal ou t f low plume near i t s  source. The l o c a t i o n  o f  V C - 1  i n  the south- 
western moat o f  the caldera (F ig .  1)  opt imized the at ta inment o f  these three 

object ives.  Once negot ia t ions and s i t e  p e r m i t t i n g  were completed, c o r i n g  o f  

the 856-m hole was accomplished i n  35 days ending on 3 September 1984. The 

cor ing  e f f o r t  was a complete success. 
B. Pre l  i m i  nary Resul t s  

Core hole V C - 1  (F ig .  2 )  penetrated 300 m o f  i n t r a c a l d e r a  volcanics,  35 m 

o f  v o l c a n i c l a s t i c  breccia,  91 m o f  Permian Abo Formation, 381 m o f  Pennsyl- 

vanian Madera Limestone, and 49 m o f  Pennsylvanian Sandia Formation w i t h  over 

95% core recovery. These l i t h o l o g i e s  c o r r e l a t e  we l l  w i t h  c u t t i n g s  from the 
Jemez Springs geothermal we l l  and outcroDs exposed i n  San Diego Canyon south- 

west o f  the caldera ( G o f f  and Kron 1980). The s t ra t ig raphy  leads us t O  

be l ieve  t h a t  V C - 1  stopped near the Precambrian basement. The Madera Limestone 
i s  approximately 120 m t h i c k e r  than expected. 

The vo lcanic  sect ion i n  VC-1 ,  when compared w i t h  the geologic map o f  

Smith e t  a l .  (19701, y i e l d e d  some surpr ises.  The Banco Bonito r h y o l i t e  1s 
four times t h i c k e r  than expected (149 m) suggesting t h a t  i t  f i l l e d  a paleo- 

v a l l e y  i n  the Va l les  Caldera moat. A prev ious ly  unknown obsid ian f low 19 m 
t h i c k  was encountered a t  162 m depth. The lower vo lcan ic  sequence inc ludes 

extremelv 1 i t h i c - r i c h  Upper and Lower Bandelier T u f f  i n t e r p r e t e d  as poss ib le  

i n t r a  caldera facies and a pre-Bandel i e r  i g n i m b r i t e  r e c e n t l y  recognized by 

K i t e  e t  a l .  (1982) southwest o f  the caldera. A 35-m-thick v o l c a n i c l a s t i c  

c l a v - r i c h  brecc ia conta in ing  predominantly a1 te red  andesi te o f  the  P a l  i z a  
Canyon Formation under1 i es the vo lcanic  sequence. 

The v o l c a n i c l a s t i c  brecc ia and under ly ing Paleozoic rocks are fau l ted,  

sheared, and mineral ized. I n t e r p r e t a t i o n s  o f  data from or ien ted  cores O f  

2 



Bacn Land Grant Boundaty 
I 

CORE HOLE SITE , 4km , 
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Fig .  1. 
Sketch map of Valles Caldera showing the location of VC-1 re la t ive t o  the 
ring-fracture zone and the Jemez f a u l t  zone. Stars denote moat rhyolite 
vents. S t i p p l e  p a t t e r n  shows area of intense intracal dera surface hydro- 
thermal a1 teration. 

Madera Limestone a t  476 m suggest deformation is  poss ib ly  related t o  the 
nearby NE-trendi  ng Jemez f a u l t  zone ( J F Z )  . These 1 imestone beds s t r ike  
approximately N35"E and d i p  25"SE as opposed to  the regional NE d i p  o f  the 
Paleozoic rocks. 

Thermal aquifers were encountered a t  several horizons i n  the lower ha1 f 
of the core hole w i t h  the bottom-hole temperature (BHT)  reaching 160°C ( F i g .  
3) .  Apparently, the volcaniclastic breccia acts  a s  an impermeable barrier 
between cool aquifers i n  the volcanic sequence and thermal aquifers i n  

Paleozoic rocks. The average thermal gradient from 350 to  750 m i s  210°C/km, 
i n  agreement w i t h  the recently published thermal gradient analysis of the 

3 
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Fig. 3. 
VC-1  Temperature grad ien t  (24 h a f t e r  completion). 

caldera by Swanberg (1983). The thermal f l u i d s  encountered a t  the  i n t e r -  

sec t ion  o f  the r i n g - f r a c t u r e  zone and the JFZ may be p a r t  o f  a hydrothermal 

plume t h a t  leaks down the JFZ and adjacent s t r a t a  toward Jemez Springs and 

Soda Dam (T ra ine r  1975; Goff  e t  a l .  1981). 

- M i n e r a l i z a t i o n  i s  most intense along shear zones and i n  b recc ia ted  

mestone. Although the a l t e r a t i o n  zones have n o t  been examined i n  

d e t a i l ,  t h e y  c o n s i s t  p r i m a r i l y  o f  c l a y s ,  c a l c i t e ,  p y r i t e ,  q u a r t z ,  and 

c h l o r i t e .  F l u i d s  were sampled i n  the f a l l  o f  1985 as a c o l l a b o r a t i v e  e f f o r t  
among several i nves t i ga to rs .  

The VC-1 core and the cased borehole are a v a i l a b l e  f o r  s c i e n t i f i c  

i nves t i ga t i ons  a t  l e a s t  u n t i l  1989. 

5 



11. HISTORICAL DEVELOPMENTS 

There has been s i g n i f i c a n t  geologic and hydrogeochemical research on 

Va l les  Caldera and the  Jemez Mountains (Smith and Ba i ley  1968; Doel l  e t  a l .  

1968; Goff and Grigsby 1982), and overviews o f  the  geothermal systems o f  
Va l les  Caldera are ava i l ab le  (Laugh l in  1981; Heiken and Gof f  1983). A r e p o r t  

by Goff and Waters (1980) r e l a t e s  the  Rio Grande r i f t  and associated igneous 
a c t i v i t y  t o  the  Va l les  Caldera thermal regime and suggests p o t e n t i a l  t a rge ts  

for  s c i e n t i f i c  d r i l l i n g .  The Hot Dry Rock geothermal development p r o j e c t  has 
been a c t i v e  on the western f lank  o f  the  Val les Caldera (Tester  1979; Rowley 

1984). Th is  e f f o r t  was preceded by shallow heat f low holes d r i l l e d  outs ide 

Va l les  Caldera on the east, south, and west f lanks. F i ve  deep boreholes were 

then d r i l l e d  i n t o  Precambrian formations f o r  the  Hot  Dry Rock P r o j e c t  west o f  
t he  Va l les  Caldera r i m  (Fig. 4) (Laughl in  e t  a l .  1983; Rowley 1984). Union 

O i  1 Company o f  C a l  i f o r n i  a and o t h e r  geothermal  companies have d r i  11 ed 
approximately 30 deep geothermal we1 1 s i n s i  de V a l  1 es Cal dera i n  search o f  
superheated waters (Dondanvil l e  1978). 

The cu r ren t  phase o f  CSDP research d r i l l i n g  a t  Va l les  Caldera s t a r t e d  

w i t h  the  Va l les  Caldera Workshop i n  1982 (Heiken e t  a l .  1983). Table I 
records the  major steps and a c t i v i t i e s  f o r  the  two years requ i red  t o  formulate 

the s c i e n t i f i c  ob jec t ives  and plan, prepare a proposal, and then implement the  

plan. 

One notable area o f  e f f o r t  as i nd i ca ted  on Table I was permi t t ing .  A t  

the t ime o f  t he  Va l les  Caldera Workshop i n  October 1982, i t  was c e r t a i n  t h a t  

the  core hole t a r g e t  i d e n t i f i e d  by workshop pa r t i c i pan ts ,  the  vent  o f  t he  

Banco Bonito flow, could be d r i l l e d  on the p r i v a t e  land owned by the Baca Land 

and C a t t l e  Co. This proper ty  had, a t  t h a t  time, a geothermal exp lo ra t i on  and 
development lease held by the  Union O i l  Company o f  Ca l i f o rn ia .  Requests for 

permi ts  t o  d r i l l  on the  Baca l o c a t i o n  needed t o  be approved f i r s t  by Union. 

This permission d i d  no t  m a t e r i a l i z e  u n t i l  l a t e  A p r i l  1984, although the  

request was forwarded i n  November 1983. It was then learned t h a t  the  land- 
owner (Baca Land and C a t t l e  Co.) was r e l u c t a n t  t o  proceed w i t h  the p ro jec t .  

For tunate ly  an a1 te rna te  s i t e  on US Department o f  Agr icu l  tu re /Fores t  Service 

land had been se lected as a contingency. Once a core hole permi t  for t h i s  

a l t e r n a t e  Banco Bonito s i t e  was granted J u l y  3, 1984, the co r ing  d r i l l  r i g  
cont rac t ing  proceeded w i thout  f u r t h e r  delay. 
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TABLE I 

HISTORICAL DEVELOPMENT OF T I E  F I R S T  VALLES CALDERA, CSDP - THERMAL REGIMES 
RESEARCH CORING PROJECT, VC-1 

October 1982 

November 1982 

December 1982 

December 1982 

March- Apr i 1 1983 

October 1983 

November 1983 

January-February 1984 

February 1984 

March 11, 1984 
A p r i l  1984 
A p r i l  1984 

A p r i l  10, 1984 

A p r i l  20, 1984 

A p r i l  26, 1984 

June 1984 

June 7 .  1984 

June 8, 1984 

June 20, 1984 

J u l y  3, 1984 

Ju l y  20, 1984 

Ju l y  31, 1984 

September 3, 1984 

October 15-18, 1984 

December 3-7, 1984 

Va l les  Caldera Workshop (Heiken e t  a l .  1983). Choose 
Banco Bon i to  obsidian-southwest r i n g  f r a c t u r e  as h igh  
p r i o r i t y  s i t e .  

I n i t i a t e  p repara t ion  o f  "Four-Laboratory" proposal. 
Begin discussions w i t h  Union O i l  Co. and landowner f o r  
access to f i r s t  Banco Bon i to  s i t e .  

Informal discussions w i t h  core r i g  cont rac tors ;  decided 
on top-to-bottom core; p re l im ina ry  c o s t  est imates.  

Union O i l  Co. g ives  verbal  approval to core f i r s t  Banco 
Bon i to  s i t e .  

Submit "Four-Lab'' proposal to OOE/OBES. 

"Four-Lab'' proposal approved by DOE/OBES. 

A l e r t  Los Alamos Support Groups ( l e g a l ,  safety,  f i r e  
p ro tec t ion ,  procurement, environmental s u r v e i l  lance, 
e tc . ) .  

Informal discussions w i t h  core r i g  cont rac tors .  
Determine i n t e r e s t  and es t imated costs.  

I n i t i a b  d iscuss ion  wi th US Fores t  Service f o r  second 
Banco Bon i to  s i t e .  

DOE Dav is-Bacon rl2 t e n i n a  ti on 
US DOE. DO1 (USGS). & NSF accord signed. 
Forward d r a f t  procurement package (compe t i t i ve  
s o l i c i t a t i o n  w i t h  s e l e c t i o n  based on techn ica l  
eva lua t ion)  . 
"Four-Lab'' P r i n c i p a l  I nves t i ga to rs  and OOE/OBES approve 
second Banco Boni to s i t e .  

Submit f i n a l  procurement package. 

Union O i l  approves co r ing  f i r s t  Banco Bon i to  s i t e .  

On-site management team, core cu ra t i on  procedure, and 
s i t e  geo log i s t  we l l  s i t t e r s  team organized. 

Ac t ion  Desc r ip t i on  Memorandum (ADM) approved by Los 
Alamos and DOE. 

Baca landowner f i n a l l y  i n d i c a t e s  l ack  o f  immediate 
i n t e r e s t  i n  Banco Boni to p ro jec t .  

Responses to core r i g  RFQ ( request  f o r  quota t ions)  
received and evaluated. 

Fo res t  Service pe rm i t  approved. 

Core r i g  subcontract  i n i t i a t e d  w i t h  Tonto D r i l l i n g  
Services ( S a l t  Lake C i t y ,  Utah). 

Rig a r r i v e s  a t  V C - 1  s i t e .  

Rig re leased a t  1:15 a.m., T.O. a t  2809 ft. 

Workshop on recen t  research a t  Va l les  Caldera. 

VC-1 p re l im ina ry  r e s u l t s  presented a t  F a l l  Am. Geophys. 
Union Meeting, San Francisco (Geotimes. Feb. 1985). 

8 
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The s l i g h t l y  more than one month of core d r i l l i n g ,  July 31 through 
September 3, 1984, required only about 1/24 (8%) o f  the project 's  elapsed time 
up t o  September 1984, b u t  i t  is  anticipated t h a t  investigations of the core 
and borehole data will yield significant scient i f ic  results d u r i n g  the next 
five years ( F i g .  5 ) .  

111. CORE REQUIREMENTS AND RIG SPECIFICATIONS AND PROCUREMENT 

The original core hole plan i s  shown i n  F ig .  6. Continuous core, t o  a 
depth of 760 m (2500 f t ) ,  was required i n  a potentially complex volcanic 
section, w i t h  the 1 i kel i hood of encountering h o t  (* 150°C) hydrothermal fl u i d s .  
Therefore, i n  contracting w i t h  a dr i l l ing  company, the major considerations 
were demonstrated experience w i t h  high-temperature blowout-prevention ( B O P )  
equipment, high-temperature cementing, and geothermal exploration-oriented 
coring r i g  operations. Informal inquiries were made o f  potential core 
d r i  11 i ng ri g contractors and thei r former cl i ents . Technical eval uati on 

2 1 0183 1 0184 1 OB5 1 0189 

' VALLES CALDERA WORKSHOP, INITIATION OF PROJECT 
- - 

INITIATE PROPOSAL PREPARATION 

CONTACT POTENTIAL RIG CONTRACTORS 
PERMIT DISCUSSION WITH UNION OIL 

SUBMIT PROPOSAL 

\ 
PROPOSAL APPROVED 

FOREST SERVICE PERMIT INITIATED -SECOND BANCO BONITO SITE 

RIG COSTS ESTIMATED AND CORING PLAN FINALIZED 

RIG PROCUREMENT INITIATED 
UNION OIL CONCURRENCE RECEIVED - FIRST SITE 

PERMIT APPROVED 
INITIATED AUGUST31 I 

I VC-1CORlNG I PROJECT COMPLETED {\ COMPLETED SEPTEMBER 3 

VALLES CALDERA WORKSHOP CONVENED OCTOBER 15-18 
I I=.- - CORE HOLE SCIENCES , 

I .---.. 
-0- 

I -- 
I I 
I I -----_ -C TO OCTOBER 1989 

ELAPSED TIME 1 YEAR 2 YEARS 3 YEARS 

F i g .  5. 
Time l ine  of VC-1 milestones. Research on VC-1 samples and i n  the borehole 
will continue for a t  l eas t  five years a f te r  completion of coring. 
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Fig .  6. 
Core hole p l a n  for  VC-1 .  
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c r i t e r i a  were prepared and then used t o  judge the responses t o  the competitive 
request for proposals  tha t  was sent o u t  i n  June 1984. The four principal 
c r i t e r i a  were 

0 A written statement demonstrating the capabi l i t ies  of the, r i g  con- 
t ractor  t o  successfully plan and perform the required high-qual  i t Y  
wireline coring operations i n  a high-temperature volcanic environment. 

0 A written description of the capabi l i t ies  and experience of the r i g  
cont rac tor  w i t h  high-temperature BOP equipment, high-temperature 
cements and cementing procedures, and the required coring operations 
i n  a geothermal area. 

a Written re'sume's and statements of the demonstrated qualifications and 
experience of the personnel proposed t o  perform the required wireline 
cori nq operations. 

0 Capabi 1 i t y  , adequacy , and sui t a b i  1 i t y  of  the  proposed d r i  11 i n g  
equipment, determined by detailed equipment 1 ists presented by the 
b i d d e r  . 

The r i g  equipment specifications of the subcontract were general i n  

nature and were stated i n  terms of the minimum requirements of depth, d r i l l  
rod ( d r i  11 string 1 hand1 i ng capabi 1 i t y  , and requi red s u p p o r t i n g  equipment , 
such as a completely enclosed d r i l l i n g  f l u i d  system (i.e., a surface mud tank, 
rather t h a n  a mud p i t  o r  sump) as required by the Forest Service permit a t  t h e  
a1 ternate s i t e .  

The d r i l l i n g  contractor was selected on June 20, 1984, followed by 

issuance of an order t o  proceed on July 20, 1984. The specifications, 
equipment, and features of the selected r i g  are recorded i n  Table 11. 

IV. SUMMARY OF CORING OPERATIONS 
A. S i te  Preparation and Layout 

The core r i g  (Tonto D r i l l i n g  Services, Tonto Drill No. 1) was mobilized 
to the VC-1 a l ternate  s i t e  on Ju ly  31, 1984 ( F i g .  7 ) .  The final VC-1 s i te 
layout, shown i n  F ig .  8, was an 18- by 28-m (60- x 90-ft)  rectangular area 
meeting the constraints of the Forest Service permit. The 38-m (10,000-gal.) 
water t a n k ,  centrally located r i g ,  BOP control module, core trays,  and 
operations t r a i l e r  were arranged as shown. The si te prepara t ion  included the 
excavation of a hole needed t o  emplace a 2-m-diam x 1.2-m-long (6-ft-diam x 
4-ft-long) culvert  s e t  f lush  w i t h  the ground surface a t  the center of the s i te  

3 
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TABLE 11 

TONTO D R I L L  NO. 1 CORE R I G  S P E C I F I C A T I O N S  AND FEATURES 

I 

, 

SPECIFICATIONS 

D i mensi on s : 
Lenqth: 33 f t .  6 i n .  
Width: 10 f t , - O  i n .  
Height: 13 ft, 6 i n .  
Weight: 41,000 l b  

Mast Assembly : 
P u l l  caoac i tv :  20 f t  
Angle range:" -90' t o  -45" 

Main Ho is t :  
Bare drum p u l l  : 25,050 l b  
Max. l i n e  speed: 142 f t / m i n  
Power-up/power-down opera t ion  
Fai  1 -sa fe hydraul i c  brake 

Feed System: ( cha in  d r i v e )  
Stroke: 11 f t  
L i f t  capac i ty :  40,000 l b  
Thrust  capac i ty :  25,000 l b  
Feed r a t e :  0-30 f t / m i n  

D r i l l  Head: 
Speed range: 0-1200 RPM 
Torque range: 0-3600 f t / l b  
Hydraul ic chuck: 3-5/8-in. I.D. 

Footcl  amp: 
Hydraul ic mast base-mounted 
M casing/PQ rod capac i ty  

3 pump box c/w d r i v e l i n e  t r a n s f e r  case 
100-gal. tank w i t h  o i l  coo le r  
5 suc t i on / re tu rn  f i  1 t e r s  
Three 10-vm high-pressure f i l t e r s  

Hydraul ic System: 

FEATURES: 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

I n teg ra ted  system 
Ease o f  m o b i l i z a t i o n  
Shortened tear-down and set-up t ime 
Completely enclosed mud system f o r  
lower cos ts  and reduced environmental 
impact 
Long s t roke  f o r  increased produc t ion  
Improved core recovery and b i t  l i f e  
On-site p a r t s  and supp l ies  
High torque f o r  r o t a r y  d r i l l i n g  
Sel f -contained and enclosed work area 
Noise l e v e l  below 110 dB. 

Power: 
-ins 290- h.p. tu rbod iese l  

D r i  11 e r  start/stop/RPM c o n t r o l  
A l l  gauges a t  d r i l l e r  s t a t i o n  
Fuel usage approx. 60 gal./day 

Wi re l i ne  Hoist :  
1800-1 b. bare drum D u l l  
0-1100 f t / m i n  l i n e  speed 
Power-up/power-down opera t ion  
4000- f t  capac i ty  

E l e c t r i c a l  System: 
12-V system c/w emerqency l i q h t i n q  
110-V 7.5-kw hyd rau l i c  generator  - 
I n t e r i o r  explos ion-proof  1 i g h t i n g  
E x t e r i o r  500-W quar tz  halogen r i g  l i g h t s  

Ta i l ga te  mounted sel f -contained 
1000-gal. capac i ty  

Mix ing  tank c/w j e t  mixer  
NL Baroid cone d e s i l t e r  
3-stage s e t t l  i ng tank 

Mud System: 

C i r c u l a t i n g  System: 
Bean 50 Dum 
Var iab le .  hyd rau l i c  con t ro l  

12 
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Fig. 8. 
V C - 1  s i t e  l ayou t  plan. 

(Fig. 9 ) .  A d r i l l i n g  c e l l a r  o f  t h i s  s i ze  was needed t o  prov ide s u f f i c i e n t  

room f o r  i n s t a l l a t i o n  o f  the blowout preventer below the r i g  and t o  serve as 
an emergency s p i l l  o r  overflow sump. The water storage capaci ty  was se lected 

t o  prov ide s u f f i c i e n t  f low a t  r i g  pump capaci ty  (10 gpm). F i l l i n g  the tank a t  
each r i g  crew s h i f t  change (7 a.m. and 7 p.m. each day) would supply the  

needed water t o  the r i g  mud tank (Figs. 8 and 10) f o r  co r ing  i f  a t o t a l  l o s s  
of d r i l l i n g  f l u i d  c i r c u l a t i o n  occurred. A 12.7-m -capaci ty  (80 bb l  = 3360 

gal .) tanker t ruck  d e l i v e r i n g  three loads per s h i f t  could keep the s i t e  supply 
tank f u l l .  Water was hauled from La Cueva, New Mexico (Fig. 11). Keeping the  

l e v e l  o f  f l u i d  i n  the  borehole h igh enough t o  ma in ta in  a s u f f i c i e n t  hydro- 
s t a t i c  head on the up-hole formations t o  help s t a b i l i z e  the  borehole w a l l  was 

extremely important. 
F igure 11 shows the  1.3 km (0.8 mi)  o f  unimproved Fores t  Service road 

( F i r e  Road 1850) t h a t  had t o  be maintained. A grader was used t o  improve the  

3 

14 



Fig. 9. 
Installation o f  ground protection tarpaul in at VC-1. Note the corrugated metal pipe cellar. 



Fig.  10. 
General view of the  VC-1 s i t e  from the  southwest. Note t h e  10,000-gal. water tank and pro tec ted  t rees  on 
the  l e f t .  
co r ing  r i g  and the  f l u i d  a d d i t i v e  suppl ies (under t a r p ) .  

The BOP c o n t r o l s  a re  behind the  small t r e e  i n  the  lower  r i g h t .  The mud tank i s  between the  
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V C - 1  s i t e  l o c a t i o n  map see Fig. 4 ) .  
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drainage and t o  l e v e l  and grade the road t o  minimize p o t e n t i a l  damage and 

r u t t i n g  from heavy t ruck t r a f f i c .  

To preserve the f o r e s t  f l o o r  a t  the s i t e  no l e v e l i n g  o r  grading were 

performed. Two ta rps  were l a i d  on the ground under the core r i g ,  Fig. 8, and 

the r i g  was leve led  w i th  jacks and blocking. 

Other measures t o  minimize the environmental impact were 
o A f i r e - m o n i t o r i n g  and suppression p lan  t h a t  inc luded inspected and 

o Road maintenance and access r e s t r i c t i o n s .  

o Exclusion o f  san i ta ry  p i t s ,  nearby camping by r i g  o r  geolog ica l  

o Plank guards t o - p r o t e c t  a l l  nearby t rees, Fig.  10. 

o Observance o f  geothermal operat ion orders (GR00-19) , p r i m a r i l y  by 

proper ly  cementi ng the 4-1 /24  n. cas i  ng and i n s t a l  1 i ng a su i  tab1 e 

blowout-preventer stack and contro ls .  
o An ambient noise l e v e l  maximum o f  110 dB. (The r i g  was a c t u a l l y  very 

q u i e t  w i t h  i t s  operat ing noise l e v e l  measured a t  84 dB. Indeed, 
one could e a s i l y  t a l k  on the r i g  f loor.)  

approved spark ar resters .  

personnel , and t r a s h  accumul a ti on. 

B. D r i l l i n g  Operations Summary and D a i l y  H is to ry  
The t a r g e t  

depth (760 m) was reached on Day 28 o f  operations. The average advance r a t e  

was 25.9 m/day (85.1 f t /day)  f o r  the 33 days of r i g  operations. Various 

average advance r a t e s  and core b i t  performance are summarized i n  Table I V .  

The core hole was s t a r t e d  on August 1, Day 0. The surface hole was 
d r i l l e d  i n  s o i l  w i t h  a three-cone, 22.2-cm-diam (8-3/4-in.) bu t ton  b i t  t o  a 

depth of 3.0 m (10 ft) below the c e l l a r  f loor.  A t  t h a t  depth s u i t a b l e  hard 
rock was encountered t o  s e t  and cement i n  the 16.5 x 15.2-cm (6-1/2 x 6-in.) 

surface casing. The cement was al lowed t o  cure f o r  10 hours and then d r i l l e d  

ou t  w i t h  a 14.3-cm-di am ( 5-5/8411.], three-cone but ton b i  t. The r o t a t i n g  head 
w i th  f l u i d  c i r c u l a t i o n  discharge l i n e  was r igged UP. 

On Day 1 o f  operat ions the r i g  was s e t  up f o r  HQ-size* c o r i n g  w i t h  a 

1.5-m-long ( 5 - f t )  core b a r r e l  and core tube. Coring commenced i n  very 

f ractured rock. C i r c u l a t i o n  was l o s t  immediately, and no d r i l l i n g  f l u i d  
re tu rns  were recovered down t o  a depth o f  9.1 m (30 ft), where s o l i d  rock was 

D r i l l i n g  operat ions are summarized i n  Table 111 and Fig.  12. 

*HQ core b i t  s i z e  i s  3.82-in. O.D. by 2.50-in. core diameter; see Table I V .  
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TABLE 111 

VALLES CALDERA CSDP THERMAL REGIMES - VALLES CALDERA NO. 1 
SUMMARY OF R I G  A C T I V I T I E S  

Days Since 
Spud 

Date ( D r i l l i n g  Days) 

Ju l y  31. 1984 -1 

August 1. 19R4 0 (Spud 
Day 1 

2 1 ( 1 )  

3 2 (21 

4 3 (3) 

5 4 

6 5 

7 6 (4) 

8 7 (‘5) 

9 8 (6) 

10 9 (7) 

11 10 

12 11 

13 12 

14 13 

15 14 (8) 

16 15 (9) 

17 16 (10) 

(July  31 - September 3 ,  1984) 
Day’s Core B i t  

Depth Progress Run Rangea Size 
f t  (m) f t  (m) Number 2 Rec’y. ( in.) Remarks ---____ 
0 

10 
(3.0) 

146 
(44.5) 

277 
(84.4) 

400 
(121.9) 

(121.9) 
400 

400 
1121.9) 

507 
(154.5) 

698 
(212.8) 

91) 
(279.5) 

1016 
(309.7) 

1016 
(309.7) 

1016 
(309.7) 

1016 
( 309.7 ) 

1016 
(309.7 1 

1072 
(326.7) 

1082 
(329.8) 

1146 
(349.3) 

0 

10 
(3.0) 

136 
(41.5) 

131 
(39.9) 

123 
(37.5) 

0 

0 

106 
(32.3) 

191 
(5R.2) 

219 
(66.8) 

99 
(30.2) 

0 

0 

0 

0 

56 
(17.1) 

10 
(3.0) 

64 
(19.5) 

0 

0 

1-41 

42-69 

70-94 

0 

0 

95-116 

117- 140 

141-162 

163-174 

NA 

NA 

NA 

HA 

175-181 

182 

183-189 

NA -- Tonto D r i l l  No. 1 ar r i ved  a t  VC-1  s i t e .  

NA 8-3/4 i n .  D r i l l e d  w i t h  three-cone 8-3/4-in. b i t  t o  10 ft; 
set  6-112-in. casing; waited on cement; d r i l l e d  
o u t  cement u i t h  5-5/8-in. three-cone b i t .  

Began HQ coring w i th  5 - f t  ba r re l  and severe l o s t  14-98 

94-100 HQ Cored i n  glassy obsidian. Replaced core b i t  

89-100 HQ Cored and then reamed hole w i th  three-cone 

HQ 
(3.832~2.50) c i r cu la t i on .  

a t  242 f t  depth, b i t  No. 2. 

5-5/8-in. b i t .  Hole caved a t  121 f t .  

geophysical logs; hole caved a t  122 ft. Replaced 
b i t  a t  400 f t  depth, b i t  No. 3. 

NA 5-5/13 i n .  Reamed to 400 f t  w i t h  5-5/8-in. b i t  and ran 

NA Completed logging to 122 f t .  Ran HWL casing to 
400 ft; waited on cement and i n s t a l l e d  BOP. 

Completed BOP i n s t a l l a t i o n ;  d r i l l e d  cement. 
Resumed coring. Stuck rock a t  472 ft; l o s t  
c i r c u l a t i o n  a t  488 f t  depth a t  obsidian - t u f f  
contact. 

f i r s t  I O - f t  ba r re l .  

Temperatures measured a t  847 and 897 f t  were 28’C 
( 8 2 . F ) .  

90-100 HQ 

83-100 HU Lost c i r cu la t i on .  Cored run No. 121, whlch was 

89-100 HQ 

16-100 HQ Replaced b i t  (No. 4) d greased rods. Stuck core 
tube i n  volcanic breccia a t  1016 f t  and stuck rods 
a t  902 ft. 

HA HQ Decided to cement i n  HQ rods and reduce b i t  Size. 

HA F i r s t  cement placement was attempted b u t  cement 
d i d  n o t  set  up around HQ b i t .  

Recemented hole and HQ b i t .  N- to 8-size cement 
s t r i n g  t r a n s i t i o n  bridged. 

MA NO 

NA NO NQ core b i t  used (No. 5) to d r i l l  through HQ b i t  
(3.03~1.875) and cored cement 902 t o  968 ft. Lost 

c i r c u l a t i o n  a t  932 ft. 

Cored cement to 1016 ft; cased formation swelled 
w i th  clay. Riq had mechanical problem w i t h  ho i s t .  

91-100 NO 

98 NO Repaired r i g .  

76-100 NO Completed r i g  repa i r  and i n s t a l l e d  N-size rubber 
Cored, i n  red swell ing c lay  of Abo seats i n  BOP. 

Fat. 

= Not appl icable. 
‘See Fig. 17 f o r  a de ta i l ed  p l o t  o f  core recovery as a funct ion o f  depth. 
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TABLE I11 (cont )  

Days Since Day's Core 
Spud Depth Progress Run 

Date ( D r i l l i n g  Days) f t  (m) f t  (m) Number --- 
18 17 (11) 

19 18 (121 

20 19 (13) 

21 20 (14) 

22 21 (15)  

23 22 (16) 

24 23 (17) 

25 24 (18) 

26 25 (19) 

27 26 (20) 

28 27 (21) 

29 28 (22) 

30 29 (23 )  

31 30 (24) 

September 1984 
31 

2 32 

3 33 

1250 
(381.0) 

1378 
( 420.0) 

1531 
(466.6 1 

1602 
(488.3) 

1732 
(527 -9) 

1871 
(570.3) 

2011 
(613.0) 

2141 
(652.6) 

2271 
(692.2) 

2391 
(728.8) 

2510 
(765.0) 

262b 
(799.8) 

2726 
(830.4) 

2809 
(856.21 

2809 
(856.2) 

2809 
(856.2) 

2809 
(856.2) 

104 
(31.7) 

128 
(39 -0) 

153 
(46.6) 

71 
(21.6) 

130 
(39.6) 

140 
(42.7) 

140 
(42.7) 

130 
(89.6) 

130 
( 3 9 . 6 )  

120 
(36 .6)  

130 
(39.6) 

114 
(38.7) 

102 
(31.1) 

84 
(25.6) 

0 

0 

NA 

190-200 

201-214 

215-230 

23 1-240 

241-255 

256-268 

269-282 

283-295 

296-308 

309-321 

32 2-334 

335-345 

346-356 

356-367 

NA 

NA 

NA 

B i t  
Rangea Size 

L Rec'y. ( in.) Remarks 

49-100 

86-100 

87-100 

35-100 

74-100 

97-100 

W-IOO 

100 

95-100 

97-100 

95-100 

91-100 

83-100 

85-100 

NA 

NA 

NA 
/ 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NA 

Cored red swel l ing c lay;  water l e v e l  was a t  200 
f t .  

Temperature a t  1360 f t  was 49'C (120W.  

Temperature a t  1185 f t  was 34'C (93.F). 

Entered and cored Madera l imestone a t  1384 ft. 
Temperature a t  1410 f t  was 47'C (117.F). 

Pul led rods and made three or ien ted  core runs. 

Temperature was 69'C (156.f) a t  1680 ft. 
broke, r e t r i e v e d  and repaired. 

Cored hard limestone. 

Overshot 

Temperature a t  1981 f t  was 87'C (189.F). 

Temperature a t  2051 f t  was 102'C (216.F). 

Cored limestone. temperature a t  2291 f t  was 117'C 
(242.F). 

Los t  c i r c u l a t i o n  a t  2380 ft. 

Temperature a t  2510 f t was 130'C (266.F). Decided 
to cont inue p r o j e c t  and at tempt to tag Precambrian 
gran i te .  

Encountered hard rock w i t h  broken, blocky 
s t ructure.  

Rods stuck and l o s t  c i r c u l a t i o n  zone encountered 
a t  2719 ft. 

Cored i n  sandstone and shale a t  2781 ft. 
temperature 98'C (ZIR'F). rods stuck f o r  3 h. 
Core was b r i t t l e  and s t i c k y  c lay.  
rods stuck i n  shale a t  2809 f t .  Decided to 
terminate cor ing  operations. 

Hole caving and 

Pu l led  N-rods and prepared f o r  open hole logging, 
Hole caved and hlocked a t  1031 ft. Uashed to 2750 
f t  and logged whi le  p u l l i n g  rods. 

Completed logging: r a n  casing c u t t e r  to 360 f t  and 
r e t r f e v e d  H-rods. Ran N-rod l i n e r  to 2803 f t  w i t h  
NO b i t  on bottom and 1 3 - f t  core bar re l .  Punped a 

Made up welthead w i t h  gate valve. choke and 
vent valve manifold. Cleaned s i t e  and b a d e d  
rema i.n i ng equ i p e n t .  

= NOT appl icaole.  
FSee Fig. 17 f o r  a de ta i led  p l o t  o f  core recovery as a func t ion  of  depth. 

Total n o n d r i l l i n g  days were 10; see Fig. 16 f o r  percentage sumnary o f  a c t i v i t i e s  as funct ion of total. 
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DAYS SINCE SPUD 
AUG. 1 SEPT. 1, '84 

I 
20 25 30, 33 

I 
I 

HQ CORE 3.83-in. OD, CORE 2-1/2 in. 

REAM HOLE 5 4 8  in., SET 4-1/2-in. CASING TO 402 ft 

DRILL OUT CEMENT & HQ BIT 
W/NQ CORE BIT 

BIT, GREASE RODS 

400 

' 600[500 

NQ CORE 3.03-in. OD, 
CORE 1-7/8 in. 

3 ORIENTED CORE RUNS 
(1 550-1 563 ft) 

NQ CORING 2000 GO0 t 
RUN GEOPHYSICAL LOGS 

SET N-SIZE LINER 
TO 2803 f t 

RELEASE RIG 
SEPT. 3 

RIG UP WELLHEAD 
T.D. 856 m (2809 ft) 

F ig .  12. 
Coring operations hi story for V C - 1 .  
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TABLE I V  

CORE B I T  RECORD SUMMARY V C - 1  
In terva l  B i t  B i t  O.D. 

Core Diameter ( in . )  b B i t  No. Cored ( f t )  Sizea (in.) 

( 1 )  10 - 242 HQ 3.83 2-314 

( 2 )  242 - 400 

( 3 )  400 - 917 

( 4 )  917 - 1016 

I, 0 ,I 

II II II 

II II II 

(5IC 1016 - 2809 NQ 3.03 1-7/8 

Longyear - Green Series 1, f o r  medium hard, abrasive rock; a l l  were o f  
diamond-impregnated matrix type. 

The 3.83- and 3.03-in. 0.0. b i t s  are oversize; conventional b i t  diameters 
f o r  H and N are 3.782 and 2.98 in., respectively. 

B i t  was about 2/3 du l led  and had d r i l l e d  o u t  previous HQ b i t .  

a 

reached. A t  the end o f  the f i r s t  day, a depth o f  44.5 m (146 f t )  had been 

achieved, and 41 core runs were completed, al though a l l  runs were s h o r t  
because f rac tu red  rock jammed the core b a r r e l .  Late on Day 3 a very glassy 

zone i n  the r h y o l i t e  f low was encountered; the rods were pul led,  and the core 
b i t  was replaced a t  a depth o f  73.8 m (242 f t) .  Coring w i th  the HQ b i t  and 

1.5 m ( 5  ft) core tube continued through Day 3 down t o  the f i r s t  casing p o i n t  
depth of  121.9 m (400 f t)  dur ing which core runs 70-94 were completed. This  

sect ion o f  hole was reamed w i th  a 5-5/8-in.-diam but ton  b i t  t o  increase the 
hole diameter. Reaming was completed dur ing Day 5, and geophysical logging 

was attempted. Due t o  extensive caving and blockage o f  the hole a t  37.2 m 
(122 f t) ,  logg ing  was successful ly accomplished only  above t h i s  depth. The 

11.4 x 10.2-cm (4-1/2 x 4-in.) casing was run i n t o  122.5 m (402 ft) depth, 
set, and cemented i n  place. This s t r i n g  o f  casing formed the s t r u c t u r a l  t i e  

for mounting o f  the BOP, and the casing was securely and completely cemented 
up t o  the bottom o f  the c e l l a r .  Late on Day 5, a f t e r  cementing had been 

completed successful ly and wh i le  the cement was hardening, the BOP i n s t a l l a t i o n  
on the 4-1/2-in. casing was begun. On Day 6, the BOP i n s t a l l a t i o n  was 

completed, and the cement was d r i l l e d  ou t  w i t h  an HQ core b i t .  HQ c o r i n g  
commenced again on Day 6. Below the 4-1/2-in. casing, c i r c u l a t i o n  t o  the 

surface was b r i e f l y  establ ished. The core rods ( d r i l l  Pipe o r  b i t )  were stuck 

i n  the hole b r i e f l y  a t  143.9 m (472 f t) ,  and c i r c u l a t i o n  was l o s t  a t  148.7 m 
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(488 f t )  i n  a t h i n  pumiceous zone a t  the contact  between r h y o l i t e  and under- 

l y i n g  tu f f .  By the  end of Day 7, a depth o f  212.8 m (698 f t )  had been 
achieved, and 140 core runs had been completed. During Day 7, w i t h  core run 

121, a t  a depth o f  165.2 m (542 f t )  , the use o f  a 3.05-111 ( 1 0 - f t )  core ba r re l  
inner  tube was i n i t i a t e d .  This system was used fo r  the remainder o f  the 

co r ing  operations i n  VC-1. 
Coring proceeded on Days 8 and 9, and c i r c u l a t i o n  continued t o  be 

completely l o s t .  A t  309.7 m (1016 ft), a f t e r  core run  174, the core tube 
became stuck i n  the ba r re l  because o f  c l a y  i n  the volcanic breccia. A f t e r  

several hours o f  work, the core tube could no t  be freed, so i t  was decided t o  
p u l l  the e n t i r e  d r i l l  s t r i n g  from the hole and take the core tube and b a r r e l  

apart.  However, the s t r i n g  became stuck s o l i d l y  a f t e r  i t  was p u l l e d  on ly  34.7 
m (114 f t)  o f f  bottom. It was n o t  poss ib le  t o  move the rods up o r  down w i t h  

the b i t  a t  a depth o f  274.9 m (902 f t ) .  The d r i l l i n g  assembly was f i r m l y  
planted. The core tube was f i n a l l y  f i shed from the core b a r r e l  by using a 

special adapter and the more powerful main ho i s t .  
It was then decided t o  cement below and around the HQ b i t  and t o  d r i l l  

through the b i t  w i t h  an NQ core b i t .  Three cementing attempts were necessary 
t o  success fu l l y  accomplish t h i s  task. A special subassembly o f  B- and N-size 

rods was fabr ica ted  so t h a t  the cement could be placed below and around the 

stock H-size b i t .  The f i r s t  cement j o b  br idged i n  the BQ/NQ t r a n s i t i o n  

subassembly, and the second l e f t  a 7.5-cm (3-in.) gap below the HQ b i t .  It 

was necessary t o  assure t h a t  the b i t  and she l l  were f i r m l y  cemented i n  place, 

so a t h i r d  cement j ob  was performed. On Day 13, a f t e r  wa i t i ng  f o r  the Cement 
o f  the f i n a l  stage t o  harden, cement was cored ou t  o f  the H-rods, and the HQ 
b i t  was d r i l l e d  through. Coring o f  cement proceeded w i t h  a very l i g h t  load on 

the b i t  t o  avoid s ide t rack ing  ou t  o f  the cement. A t  the end o f  Day 13 a depth 

o f  295.0 rn (968 f t )  had been at ta ined. On Day 14 cor ing  resumed t o  326.7 m 
(1072 ft), and core runs 175 through 181 were completed. Rig problems, which 

developed i n  the hydrau l i c  ram o f  the h o i s t  l a t e  i n  Day 14, requ i red  a l l  O f  

Day 15 and p a r t  o f  Day 16 t o  repa i r ;  on ly  one core run (No. 182) was completed. 

Fol lowing completion o f  repa i r s  t o  the r i g  on Day 16, NQ co r ing  con- 

t inued s t e a d i l y  through Day 20; core runs 183 through 240 were completed t o  a 
depth o f  488.3 m (1602 f t ) .  

On Day 20 th ree  or ien ted  core runs were made from 472 t o  476 m (1550 t o  

1563 f t ) ,  and on-s i te  - -  i n  s i t u  s t ress  and r e l a x a t i o n  determinations were 
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performed on the core  by separa te  teams from Sandia and Los Alamcrs (Dey e t  
a1 . 1984). 

Coring continued s t e a d i l y  from Day 21 through 29. A t  829 m (2719 f t )  
the rods were stuck br ie f ly ,  b u t  were p u l l e d  loose.  Core runs 241 through 
356, i n  r e l a t i v e l y  hard 1 imestone, were completed w i t h  e x c e l l e n t  recovery. 
Day 30 (August 31, 1984) saw the coring go t o  856.2 m (2809 ft), where a very 
b r i t t l e  and sticky clay was encountered. Severe caving occurred i n  t h i s  zone 
and the rods became stuck, b u t  they were quickly p u l l e d  loose.  

Core runs 357 through 367 were completed on Day 30. Due t o  the extreme 
risk of  cont inuing N Q  cor ing i n  t h i s  unstable ,  caving, c layey formation, i t  

was decided t o  terminate  cor ing,  p u l l  o u t  o f  the hole ,  and attempt the planned 
open hole geophysical logging. The bottom hole sec t ion  ( t h e  N-bit and rods)  
could have been cemented i n  and coring continued w i t h  B-site b i t  and rods. 
However, t h i s  work would have required several  days and, since the project was 
n e a r i n g  the budget  l i m i t  and a l l  ma jo r  o b j e c t i v e s  had been more t h a n  
accompli shed, cor ing opera t ions  were terminated. 

Downhole temperatures were measured about twice a day from the time the 
HQ cor ing  began. A t  847.6 m (2781 ft) the temperature was 98°C ( 2 1 8 O F 1 ,  much 
less than t h a t  measured d u r i n g  logging ( F i g .  3). T h i s  lower temperature may 
have been r e l a t e d  t o  a l a r g e  quant i ty  of  cool water pumped i n  a l o s t  circu- 
l a t i o n  zone a t  828.8 m (2719 f t )  depth .  

Days 31 and 32 were spent running geophysical logs.  Swell ing and 
blocking of the core hole a t  about 314 t o  381 m (1250 f t )  made i t  necessary t o  
recore  por t ions  of  the hole and r u n  the logging t o o l s  i n  the open hole 
secti ons bel ow suspended rods. 

The hole was completed on Day 32 w i t h  the r u n n i n g  o f  the d u l l e d  N Q  core  
b i t  and cas ing  t o  854.4 m (2803 f t ) ,  pumping a cement slurry t o  bottom 
followed by a p l u g ,  and t h e n  f i l l i n g  the N-rods w i t h  fresh water. Figure 13 
shows t h e  f ina l  conf igura t ion  o f  the hole. The r i g  was re leased  a t  13:15, 
September 3, 1984, Day 32. Day 33 was used t o  r i g  down equipment, i n s t a l l  a 
4-in.  ga t e  valve on the wellhead (F igs .  14 and 151, and load equipment. By 
the afternoon o f  September 4, 1984, only f i l l i n g  the c e l l a r  w i t h  gravel and 
reseeding and r e s t o r i n g  the s i te  were l e f t  t o  be accomplished. 

Completing the 2.375-in.-I.D. N-rod l iner  will allow future access  t o  
the hole fo r  hydrologic tests and leaves  open the p o s s i b i l i t y  of  future Coring 
w i t h  BQ-size cor ing  b i t s  and rods through the NQ b i t  cemented on bottom. I t  
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Fig.  14. 
VC-1  t op  hole and well head conf igura t ion .  

26 



I 

4-in. PIPE CAP 
4-in. SHORT I 
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Fig. 15. 
V C - 1  c r o s s  sec t ion  of  c e l l a r  and ga te  valve i n s t a l l a t i o n .  

was expected t h a t  the gray c l a y  encountered a t  the current t o t a l  d e p t h  Of vc-1 
i s  a very t h i n  zone overlying the Precambrian g ran i t e .  I t  i s  a l s o  l ikely t h a t  
the Abo Formation from 332.8 t o  421.8 m (1092 t o  1384 f t )  has squeezed i n  
around the N-rods i n  t h a t  d e p t h  i n t e rva l  and sea led  o f f  the uppe r ,  coo le r  
aqu i f e r s  from the lower hydrothermal entries. 

Figure 16 provides  a summary o f  s i g n i f i c a n t  r i g  a c t i v i t i e s ,  p a r t i t i o n e d  
by percentage of t o t a l  r i g  opera t ing  time. As can be seen, actual  cor ing  
occupied about 60% o f  the t o t a l  time, an excellent record.  Less than 4% was 
spent  solving problems such a s  r i g  r e p a i r s ,  wai t ing on water ,  and f i sh ing .  
The d i f f i c u l t y  w i t h  cor ing  some o f  the formations i s  i l l u s t r a t e d  i n  Fig.  16 by 

the hole condi t ioning time (3.7%). T h i s  a c t i v i t y  was required t o  c lean  o u t  
s i l t  and wall cave-ins and blockages and t o  t r e a t  t h e  squeezing c l ay  zones, 
pr imari ly  i n  the Abo Formation (F ig .  2). The low percentage of  time spent on 

27 



Fig.  16. 
Activities by percentage of t o t a l  r i g  time. (WOC means wai t ing on cement.) 

! 

problems i s  a r e f l e c t i o n  o f  the q u a l i t y  and condi t ion o f  the r i g  equipment and 
the effectiveness and exDerience of the r i g  crew members. The remainder of  
the time, 26.4%, exclusive o f  logging (6.1%; see Sect ion V below) was spent i n  
direct  support  of the coring and borehole completion operat ions.  The borehole 
i s  now ready f o r  future hydrologic testing and fo r  r u n n i n g  logging t o o l s  o r  
instruments and o the r  planned experiments. 
C.  Core Recoverv 

Figure 17 records  the core recovery data  f o r  each o f  the 367 core  runs 
fo r  VC-1. Average recovery exceeds 95%. The low i n i t i a l  recovery down t o  
approximately 45 m (150 f t )  i s  a d i rec t  result o f  the very f r ac tu red  rock 
penetrated,  w h i c h  was a flow breccia  of Banco Bonito rhyo l i t e .  Once reason- 
ab ly  competent Banco Bonito obsidian was reached, core  q u a l i t y  and recovery 
a t t a ined  h i g h  levels, and excellent recovery was maintained for  the remainder 
o f  the cor ing  a s  shown on Fig. 17. Cored i n t e r v a l s  t h a t  resulted i n  less than 
100% recovery a r e  genera l ly  i n  badly f rac tured ,  poorly consol idated breccia  o r  
c l ay - r i ch  formations ( f o r  example, F ig .  18). The amount and q u a l i t y  o f  the 
core recovered were cons i s t en t ly  h i g h  throughout the entire opera t ion  (Fig.  
17 ) .  
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Record of VC-1 core recovery (see Appendix for explanation of E-Core) . 
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F i g .  18. 
S o i l ,  rubble ,  and obsidian from core runs 1 t h r o u g h  5 ,  t o  a depth of approximately 21 f t .  Note poor 
recovery in  this  zone. 



Extra core* was occasional ly  recorded, for example, Fig. 17 a t  45-m 
( 150- f t ) ,  300-m ( 1000- f t ) ,  and 488-m (1600- ft). depths. I n  most cases the  e x t r a  

core (denoted €-core) resu l ted  from p ick ing  up core t h a t  had been l o s t  from a 
previous core run. (The core probably s l i p ~ e d  from the core catcher and o u t  
the  end o f  core tube.) 

F igure 18 shows a core box w i t h  core down t o  about 8.5 m (28 f t) ,  where 

the  rock i s  Banco Bonito r h y o l i t e  f low i n t e r c a l a t e d  w i t h  so i l s .  F igures 19 

and 20 i l l u s t r a t e  the  t y p i c a l l y  h i g h  recovery achieved a t  two deeper i n t e r v a l s  
i n  VC-1. These two f igures  a lso  i l l u s t r a t e  the  marking procedures t h a t  were 
c a r r i e d  ou t  by the  w e l l - s i t e  geologic team. This  24-person team fo l lowed the  

CSDP core cu ra t i on  procedures establ ished by the  CSDP/Core Curat ion Manager 
f o r  the DOE/OBES (S. Goff 1986). The V C - 1  co r ing  operat ion provided a f i e l d  

t e s t  o f  these prototype procedures. F igure 21 shows a V C - 1  w e l l - s i t e  
geo log i s t  washing and marking core according t o  these procedures. 

D. Core B i t  Performance 
Core b i t  performance f o r  the d r i l l i n g  o f  V C - 1  was exce l len t .  Only f i v e  

b i t s  were used (Table I V ) .  The HQ-size core b i t s  had shor te r  b i t  l i f e  than 
d i d  the NQ b i t ;  four b i t s  were used t o  reach a depth o f  309.7 m (1016 ftl. 

The rock i n  t h i s  i n t e r v a l ,  espec ia l l y  the Banco Bonito r h y o l i t e ,  i s  d i f f i c u l t  
t o  core, which resu l ted  i n  low ra tes  o f  penet ra t ion  (ROP) and ra the r  r a p i d  b i t  

wear. However, on ly  a s i n g l e  NQ b i t  was used from 309.7 m (1016 ft) t o  t o t a l  

depth. The b i t  type selected, an oversize Longyear Green, ser ies  1, i s  

genera l l y  considered su i  t a b l e  f o r  medium-hard, abrasive rock. 
Table V records average advance r a t e  (AAR)  and ROP data f o r  the  V C - 1  

co r ing  operations. For eva lua t ion  and p lanning purposes the  AAR data a re  

appl icable.  Based on the t o t a l  p r o j e c t  dura t ion  o f  33 days, the  AAR was 25.9 

m/day (85.1 ft /day). During actual  d r i l l i n g  ( 1 ~ 2 4  days), the  AAR was 36.7 
m/day (117 f t / day ) .  The b i t s  used a t  various depths and i n  var ious s izes are 

recorded i n  Table I V .  The r e l a t i v e l y  low v a r i a b i l i t y  i n  AAR, based on actual  
days spent d r i l l i n g  ( I tems 2, 3 ,  4, 5, and 7, Table V), shows consistency and 

un i fo rmi ty  i n  r i g  and crew performance. Table V a lso  shows the instantaneous 
penet ra t ion  r a t e  and the  ROP i n  m/h ( f t / h )  f o r  the major s t r a t i g r a p h i c  u n i t s  

o f  VC-1. General ly decreasing ROP w i t h  depth i s  c l e a r l y  evident. Also, d i s -  

t i n c t  v a r i a t i o n s  i n  ROP from u n i t  t o  u n i t  are evident. These d r i l l i n g  r a t e  

*See Appendix f o r  explanat ion o f  ex t ra  core o r  €-Core. 
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Fig. 21. 
On-site geologist washing and marking core a t  the well s i t e  according to  CSOP 
curation procedures ( S. G o f f  1986). 
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TABLE V 

Oepth I n t e r v a l  

I 

I tern m ( f t )  

A. AVERAGE PERFORMANCE 

- -  

1 0-856 (0-2809) 

2 0-856 (0-2809) 

3 0-122 (0-400) 

4 0-310 (0-1016) 

5 122-310 (400-1016) 

6 310-856 (1016-2809) 

7 310-856 (1016-2809) 

8. INSTANTANEOUS PERFORMANCE 

8 122-151 (400-495) 

9 151-168 (495-550) 

10 168-181 (550-595) 

11 181-198 (595-650) 

12 198-332 (650-1090) 

13 332-422 (1090-1385) 

14 422-838 (1385-2650) 

15 838-853 (1250-2800) 

VC-1 CORE BIT  PERFORMANCE SUMMARY 

AAR" ROP 

Time 
Days mfday 

. .  

33 

24 (75%) 

3 

7 

4 

19 

17 

- 

25.9 

35.7 

40.6 

44.7 

46.9 

28.7 

32.1 

Avg. (:;:I 4. [:;,"I 
( f t /day)  mfh ( f t l h )  - -- 

REMARKS 

(85.1) Total pro ject .  average advance rate,  HQ 6 NQ b i t s .  

(117.0) Actual d r i l l i n g  days, total p ro jec t ,  HQ 6 NQ b i t s .  

(133) Various in te rva ls ,  see F ig.  1. 

(145.1) 

(154) (Switched from 1.5- to 3-m ( I O - f t )  core b a r r e l  a t  

Average advance r a t e  HQ b i t .  

162 m (532 f t )  depth. 

(94.4) Total days, average advance r a t e  NQ b i t .  

( 105.5) Actual d r i l l i n g  days, average advance rate,  NQ b i t .  

MAJOR STRATIGRAPHIC UNITS 

- 7.3 (1:.7] (24.0){:::;) Banco Bonito 

- 6.0 1 (20.0)(ti!;) Bat t lesh ip  Rock Tuf f  

- 5.2 (17.1){!;:!] Obsidian 

- 5.1 (':::I (16.7)1:::;] Upper Bandelier Tu f f  

- 4.3 (l;::} (14.0)[(;:;) Lower Bandelier Tuff 

- 2.0 { (6.7)1($] Ab0 (Red Beds) 

- 2.9 (f::] (9.5)((::!] Madera 

- 3.3 {:::I (iO.g)[(;;;] Sandia 

a Average of total depth cored over total time f o r  the i n t e r v a l  

breaks are shown i n  Fig.  22. Penetration rates are strongly influenced by the 
coring character is t ics  of the rock. F i l l i n g  the inner or core tube barrel 
( recovery)  and obta in ing  h i g h - q u a l i t y  core influenced d r i l l i n g  rates 
significantly.  T h i s  was a primary objective, and the incentive to  core 
rapidly was secondary. I t  was generally possible t o  f i l l  a 3-m (10-ft)  core 
tube i n  1 /2  to  1-1/2 h. 

Figure 22 i s  a s t r ip  graph of  the d r i l l i n g  time log for each 1.5 m ( 5  

f t )  dr i l led;  the d r i l l i n g  time is  plotted vs. depth interval. These data are 
derived from the 0.3-m (1- f t )  time record kept by the d r i l l e r s  w i t h  a l l  the 
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"down time" ( n o n d r i l l i n g  t ime) removed. When a ro l le r -cone o r  f i s h t a i l  b i t  i s  

used f o r  r o t a r y  d r i l l i n g  i sedimentary rock, ' the  l o g  usua l ly  mimics the 
neutron geophysical l o g  curve and can o f ten  be cor re la ted  w i t h  d r i l l i n g  t ime 

l o g s  of nearby holes. For the  diamond core d r i l l i n g  o f  VC-1, t he  l o g  
d e f i n i t e l y  shows d r i l l i n g  r a t e  changes (breaks) a t  the eroded top o f  the Abo, 

the Ba t t l esh ip  Rock Tuf f ,  t he  Lower Bande e r  contact ,  and a lso  the f a u l t  a t  

506 m (1660 f t ) .  Other formation changes do no t  show up q u i t e  so we l l .  

Co r re la t i on  w i t h  the reduced scale (1 i n .  = 100 f t )  neutron l o g  curve i s  good 
i n  some places and nonexistent i n  others (see Sect ion V I  below). 

E. D r i l l i n g  F l u i d  
The d r i l l i n g  f l u i d s  program f o r  V C - 1  was based on several factors .  

(1) The an t i c ipa ted  geological  sequence as described i n  the d r i l l  r i g  
spec i f i ca t i ons  ( "Spec i f i ca t i ons  f o r  Core Hole D r i l l i n g  and Test ing 

Operations a t  Southwest Caldera R i m  Area" by Rowley and Gof f )  (F ig .  
23): The formations, i n  descending order, were thought t o  be 

r h y o l i t e  f l ow ,  pumice and i n t r a c a l d e r a  t u f f ,  B a n d e l i e r  Tuff ,  

a n d e s i t e ,  r e d  sandstone, 1 imestone and Precambr ian g r a n i t e ,  and 

gneiss.  F r a c t u r e d  v o l c a n i c  rocks,  w a t e r - s e n s i t i v e  fo rma t ions ,  
s t r u c t u r a l l y  unstable zones, l oss  o f  c i r c u l a t i o n ,  and temperatures i n  

excess o f  13OOC (266°F) were ant ic ipated.  This h o s t i l e  d r i l l i n g  
environment l e d  t o  the se lec t i on  o f  a low-water- loss mud w i t h  a 

minimum c i r c u l a t i n g  d e n s i t y  t o  c o n t r o l  l o s s  o f  c i r c u l a t i o n  and 
unstable formations. An inver ted  rheology mud was considered t o  be 

needed to help c lean the hole o f  cu t t ings .  
( 2 )  Experience w i t h  the an t i c ipa ted  formations from previous d r i l l i n g :  

Los Alamos Nat ional  Laboratory a t  H i l l ,  Union O i l  Company a t  
the Baca loca t ions ,  Sunedco a t  Cat e l l  near the c i t y  o f  

Jemez Spr i  ngs 

The ob jec t ives  were t o  w i r e l i n e  core 

cont inuously from surface t o  t o t a l  depth, maximize core recovery, and 
mainta in  an open hole f o r  inst rumentat ion and i n s t a l l a t i o n  o f  casing 

o r  l i n e r .  These ob jec t ives  i nd i ca ted  a low f i l t r a t e  mud w i t h  an 

encapsulat ing polymer t o  a i d  i n  core recovery. 

(4 )  A hydrau l i c  core r i g  w i t h  a Bean 50 pump t o  be used by Tonto D r i l l i n g  

Company: The s tee l  r i g  tanks were a 280-gal. mix ing tank w i t h  a 

mix ing  hopper. The pump was adequate f o r  the cor ing  operat ions,  
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( 3 )  The major techn ica l  ob jec t ives  
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b u t  c l o s e  watch on hydraul ics  was important. The m i x i n g  hopper was 
submerged i n  the tank. 

(5) The hole design (Fig.  61: I t  inc luded  a su r face  hole ,  r o t a r y  d r i l l e d  

w i t h  a 8-3/4-in. b i t  t o  10 f t  t o  accept  6-1/2 i n . ,  w i t h  cas ing  t o  be 
set  i n  cement. tQ size (3.83-in. O.D.) cor ing t o  400 f t  followed. 
The  hole was reamed t o  5-5/8 i n . ,  and 4-1/2-in. casing was set. HQ 
cor ing  was resumed. The ro t a ry  d r i l l i n g  and reaming o f  the hole were 
done w i t h  a bentoni te  and polymer mud program without concern about  
f i l t r a t e .  The cored port ion of the hole def in i te ly  required a low 
f i l t r a t e  and a very t h i n  wall cake for  the c lose  annular space (about  
0.2 i n . )  t o  prevent d i f f e r e n t i a l  s t i ck ing  and t o  obtain good core. 

( 6 )  Environmental cons idera t ions  and the US Fores t  Service permit: A l l  
products  used had t o  be environmentally safe .  For example, a 
potassium ch lo r ide  d r i l l i n g  f l u i d s  system would be used only as a 
l a s t  r e s o r t  t o  remedy extremely bad hole condi t ions.  

1. Water Usage. The d r i l l i n g  plan for  VC-1 assumed t h a t  complete l o s s  
o f  c i r c u l a t i o n  would be experienced f o r  the entire d r i l l i n g  pro jec t .  The 
Tonto Drill No. 1 was equipped w i t h  i n t eg ra l  r i g  f l u i d  tanks and a hydraul ic-  
a l l y  d r i v e n  mud pump w i t h  a capac i ty  of  about 2.7 m / h  (12 gpm). Therefore,  
w i t h  continuous f l u i d  l o s s ,  about 65.6 m /day (17,300 gal./day) of water would 
be used. Water was hauled from La Cueva, Fig. 10 (about  3-1/2 road miles) by 

a 12.7-111 -capaci ty  (80 bbl = 3360 gal . )  tank truck. For l o g i s t i c a l  reasons,  a 
3 7 . 9 4  (10,000-gal .) s torage  tank was loca ted  a t  the V C - 1  s i t e  (F igs .  7 and 
8) .  The tank truck f i l l ed  the s torage  tank a t  dawn and i n  the evening w i t h  
about  three tanker- t ruck trips per f i  11 . 

I t  was especially important t h a t  an adequate water supply be a v a i l a b l e  
on site so t h a t  the borehole would not  r u n  dry. Dry hole condi t ions  s i g n i f i -  
cant1 y increase  the ri sk o f  borehol e wall i nstabi  1 i t y  , cavi ng , and sl oug hi  ng 
i n t o  the annulus between the rods and borehole wall .  In addi t ion  a dry hole 
inc reases  the occurrence and severity o f  rod v ib ra t ions  caused by f r i c t i o n ,  
which  must be countered by withdrawing ( t r i p p i n g )  the rods and applying rod 
grease.  In t e r rup t ing  the cor ing  opera t ions  fo r  rod withdrawal i nc reases  the 
risk of hole caving, reduces core  qual i t .y ,  and introduces unproductive time. 
I t  is  the re fo re  d e s i r a b l e  t o  maintain a s i g n i f i c a n t  f l u i d  level i n  the hole 
fo r  1 ubr ica t ion  and to  provide a sufficient hydros ta t ic  head. Water supply 

3 
3 

3 
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decis ions and the assumption t h a t  c i r c u l a t i o n  would be l o s t  completely were 

based on previous d r i l l i n g  and cor ing  experience i n  the Val les Caldera area. 
Actual t o t a l  water usage was 986.6 m (261 x 10 gal.) f o r  the 24 days o f  

ac t i ve  coring, which resu l ted  i n  an average usage r a t e  of 39.8 m3 (10,500 

2. D r i  11 i n g  F l  u i  d Addi t ives . The d r i  1 1 i ng f l  u i d  add i t i ves  program was 

by NL-Baroid, on the  bas is  o f  an t i c ipa ted  hole condi t ions,  t o  

y i e l d  the proper t ies  recorded i n  Table V I - A .  The q u a n t i t i e s  t o  be mixed i n  
i g  m i x  tank are as shown i n  Table VI-B. The components o f  the  

formulat ion are recorded i n  Table V I I .  F igure 24 i nd i ca tes  the  use o f  the 

F igure 25 records the q u a n t i t i e s  o f  the var ious add i t i ves  used par- 
t i t i o n e d  i n t o  f ive-day i n te rva l s .  The quant i t y  usage r a t e  r e f l e c t s  the water 

usage and seve r i t y  o f  l o s t  c i r c u l a t i o n  encountered. It also i s  a r e s u l t  o f  

the e f f o r t s  t o  s t a b i l i z e  formations, such as the Abo, t o  ma in ta in  a c lean 

f l u i d  add i t i ves  program cont r ibu ted  s i g n i f i c a n t l y  t o  achiev ing h igh  core 

3 3 

about ha l f  t h a t  expected. 

r i l l i n g  f l u i d s  add i t i ves  i n  r e l a t i o n  t o  VC-1 s t ra t i g raphy  and depth. 

, 
I hole, and t o  susta in  h igh  core q u a l i t y  and good recovery rates. The d r i l l i n g  

qual i ty and recovery t o  meet the s c i e n t i f i c  ob jec t ives  o f  the  V C - 1  p r o j e c t .  

A. 

B. 

TABLE V I  

BASIC MUD PROPERTIES DESIGN 

BASIC MUD PROPERTY VALUE OR RANGE 

V iscos i ty :  33 - 35 s / q t  
Weight: 8.4 l b / g a l .  
pH: 8 - g3 
F i l t r a t e :  30 cm /30 min. 3Upper hole 

Less than 20 cm /30 min. Coring lower 
sect ions 

Wall Cake: F i l m  t o  1/32 i n .  max. 

BASIC M I X  - QUANTITY ADDITIONS TO EACH 1.1 m3 (280 gal.) M I X  TANK 

Mater ia l  Quant i  t y  

Quik  Gel 1 /2 sack 
Soda Ash 1 q t  

EZ Mud 3 /4  q t  
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TABLE V I 1  

DRILLING FLUID ADDITIVES DESCRIPTION 
> r  

Product  Descr ip t ion  o f  Quan t i t y  & 
Name Mater ia 1 Function or  Use Guidel ines 

Soda Ash 

Qu ik  Gel 

EZ Mud 

Dex t r i d  

Ce l lex  

D i c k ' s  Mud 
Sea 1 

Kwik Seal 

Sodium carbonate Condit ioning make-up Add i t ions  1/2 t o  1 
water by removing ca l -  
cium ions. 

q t  per 280 gal.  

Benef ic ia ted  
sod i um be n ton  

For v i s c o s i t y ,  f i l t r a t e  Base mix of 114 to 

re tu rns ,  high-qual i t y  gal. tank. 
sol i d s  f o r  the  polymer 
to r e a c t  w i t h ,  and ease 
o f  mixing. 

t e  reduct ion,  l o s s  o f  112 sack per 280- 

Anionic polymer For hole s t a b i l i t y ,  Added 112 t o  314 q t  
emu1 s ion  l u b r i c i t y ,  f i l t r a t i o n  per tank. 

con t ro l ,  and improved Added on ly  a f t e r  
core recovery. mix ing  soda ash and 

Qu ik  Gel. 

Mod i f ied  po ly -  To reduce f i l t r a t e ,  Use a t  4-8 q t  
saccharide improve pene t ra t i on  per tank. 
organic  polymer ra tes ,  reduce c i r c u  

l a t i n g  dens i t ies ,  and 
avo id  use o f  chemical 
th inners.  

s e n s i t i v e  format ions 
and r a p i d l y  reduce 
f il t r a  t e  . 

Fine und 
paper t ion .  mix ing  1 t o  4 q t  

f u l  t o  gunk mix.  in 
5-gal. batch, 

s Mud 

Torq-Trim I1 Water so lub l  Lub r i ca t i on  o f  s t i c k y  Added 
nonpol l  u t i  ng hole. 
1 u b r i  cant. 

de tergent  and s t a b i l i z i n g  water- Torq-Trim I 1  o r  i n  
ConDet A concentrated For reducing torque Added same as 

Torq-Trim 11. 
sens i t i ve  formations. con junc t ion  w i t h  
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TABLE VI1 (cont) 

TRADEMARKS AND REGISTERED PRODUCTS KEY 

The following products are Registered Trademarks of NL Industries: 

QUIK GEL - Bentonite 
DEXTRID - Modified organic polymer 
CELLEX - Sodium carboxymethylcellulose 
TORQ-TRIM ( R )  I1 - Water soluble, nonpolluting lubricant 
CONDET - Concentrated detergent 
EZ MUD - Anionic polymer emulsion 

KWIK SEAL i s  a Registered TrademarK of Kelco-Rotary, Inc. 
(Finely ground mixture of fibers,  flakes, and granules.) 

DICK'S MUD SEAL i s  a Registered Trademark of Cedar Fiber Company 
(a  ground paper). 

F. Blowout Preventer 
The expected subsurface conditions of a hydrothermal out-flow zone from 

the Baca Geothermal f ie ld  mandated the use of suitable blowout prevention and 
control systems. The Forest Service permit dictated that  the Geothermal 
Resources Operational Orders ( G R O O )  (USGS 1976) procedures and equipment be 
used. These regulations required instal la t ion of a bag-type blowout preventer 
for the Baca field because of the h i g h  temperatures (<180°C) anticipated and 
because the s i t e  was to  be used for exploration core hole d r i l l i n g .  However, 
a high-pressure and temperature-rated BOP stack was selected for VC-1 because 
i t  was very l ikely to  intersect  w i t h  the hydrothermal outflow from the Baca 
f ie ld ,  h i g h  temperatures (<180°C) were once again anticipated, and the s i t e  
was possibly down the hydrologic gradient from the Baca field.  The BOP 
equipment is designed for petroleum exploration; i t  is considerably stronger 
and has a higher pressure r a t i n g  than t h a t  usually used for geothermal 
exploration. The equipment was furnished by O i l  Field Rentals (Bakersfield, 
California),  and the specifications are recorded i n  Table VIII. T h i s  u n i t  
consisted of the BOP stack, F ig .  26, and the separate control module, Fig.  7. 
The BOP stack was instal led on the wellhead af te r  the set t ing and cementing of 
the 4-1/2-in. casing t o  402 f t  depth. A secure cement job was accomplished 
w i t h  complete cement returns t o  the surface. The BOP controls were located 
adjacent to the s i t e  operations t r a  l e r  about 5 m (15 f t )  from the core rig 
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ADDITIVES 
TO 280-GAL. MIX TANK) 

1 QT SODA ASH 
1/2 SACK QUlK GEL 
314 QT E Z  MUD 
VISCOSITY: 33 s1QT 
WEIGHT: 8.4 LBIGAL. 
FILTRATE 30 cm3130 MIN 
CAKE: 1132 in. 

CONDITIONS STRATIGRAPHY 

LOST RETURNS 

DP 

LOSS OF RETURNS 

FLUID LEVEL 400 fl 

ADDING CELLEX AND 
DEXTRID TO BASE MIX 

STUCK RODS 
REDUCE TO NQ 

NO RETURNS 
GUNK PLUGS 

CEMENT902-1016fl 
NO RETURNS - FLUID LEVEL 250 fl 

QUlK GEL 
U MUD 
DEXTRID 
CELLEX 
MUD SEAL 
KWlK SEAL 

BASE MIX TO INCLUDE 
FRICTION REDUCERS 

FLUID LEVEL 250 ft 

LOST FLUID 

LEVEL TO 500 fl 

REGAIN TO 250 fl 
WITH LCM 

112 QT SODA ASH 
114 SACK QUlK GEL 
3 QT CELLEX 
8 QT DEXTRID 
1R-1-GAL. TORQ-TRIM II 
LCM 

FRACTURED LS 

CORING SEVERELY 

FRACTURED LS 
WITH NO RETURNS 

FLUID L M L  200 ft 
QUICK GEL 
U MUD 
DEXTRID 
CELLEX 
TORQ-TRIM II 
CONDET 

STUCK RODS 

100 

200 

300 

' 'F 400 
1' 'F 

500 

600 

21 DF 

24 O F  
700 

266' F 

800 

32OoF 856 

BANCO BONITO OBSIDIAN 

BATTLESHIP ROCK TUFF 
UNNAMED OBSIDIAN 

UPPER BANDELIER TUFF 

LOWER BANDELIER TUFF 

-BANDELIER IGNIMBRITE 

CLAY-RICH VOLCANICLASTIC 
SEAM] BRECCIA 

J 

4BO FM 

MADERA LIMESTONE 

WINERALIZED BRECCIA ZONE 

MADERA LIMESTONE 

SANDIA FM 

Fig.  24. 
D r i l l i n g  f l u i d  p rogram and c o n d i t i o n s  f o r  V C - 1  c o r i n g  and re la t ion  t o  
s t r a t i g r a p h y .  
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TABLE VI11 

V C - 1  BLOWOUT-PREVENTER EQUIPMENT 

1. Blowout prevel? t e r  
Model: 900 Duke w e l l s i t e ,  6-in. ser ies w i t h  
3-1/2-in. p ipe and b l i n d  rams (manufactured by 
Wel ls i te  Spec ia l i s ts ,  Inc.);  working pressure 3,000 
ps i .  

2. Closing u n i t  and accumulator 
Three-stat ion contro ls ,  80 gal  ., Koomey w i t h  
gasol i ne motor. 

3. Hydraul ic  system 
Maximum operat ing pressure to open--1,500 ps i ,  to 
close--1,500 ps i ;  r a t i o  to close--4.2:l; volume of 
f l u i d  t o  open--0.59 (US gal . ) ,  to close--0.72 (US 
gal . ) ;  p is ton  stroke to open--4.125 in., to 
c l  ose--4.125 i n .  

4. Dimensions and weights 
Weight: single--1,300 l b ,  double 2,300 l b ;  o v e r a l l  
height, l e s s  studs, single--13-1/8 in., 
double--22-3/16 in.;  o v e r a l l  leng th  63 in.;  o v e r a l l  
width, l e s s  handwheel, 21-1/4 in.; opening through 
preventer 7-1/16 in.; working pressure 3,000 ps i ;  
t e s t  pressure 6,000 ps i ;  handwheel diameter 14 in.; 
r i n g  j o i n t  gasket A P I  number R-45. 

(F ig .  8 ) .  Th is  l o c a t i o n ' o p t i m i z e d  access t o  the c o n t r o l s  by the r i g  crew and 

the on-s i te  geo log is ts  i f  a r a p i d  shut- in were required. The BOP system was 
exercised p e r i o d i c a l l y ,  and when the rods were t r ipped o u t  o f  the hole, the 
b l i n d  rams were closed as a precaution. No overpressure or flow cond i t ions  
were experienced, and the BOP was n o t  needed f o r  blowout cont ro l ,  even though 

the core hole encountered several hydrothermal f l u i d  e n t r i e s  and bottom-hole 
temperatures exceeded 160°C (3'55°F). 

V. GEOPHYSICAL LOGGING 

A s u i t e  o f  l o g s  t h a t  included the gamma ray, c a l i p e r ,  densi ty,  s ing le-  

p o i n t  r e s i s t i v i t y  ( res is tance) ,  s e l f - p o t e n t i a l  (SP), temperature, and thermal 

neutron was t o  be obtained from the VC-1  core hole. Obtaining t h i s  i n f o r -  
mation requ i red  a t  l e a s t  two logging sessions. The f i r s t  logging run  was 

attempted on August 6, 1984, j u s t  before casing the f i r s t  122 m (400 f t )  of 

the 14.29-cm-diam (5-5/8-in.) core hole. Only the gamma-ray, c a l i p e r ,  and 
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dens i ty  l ogs  were obtained from the surface t o  a depth o f  36.5 m (120 f t)  

because of a b r idge a t  t he  36.5-m depth. No o ther  logs  were run a t  t h i s  t ime 
because of the  br idge and the  genera l ly  poor ho le  condi t ion.  The q u a l i t a t i v e  

value o f  these logs  ranges from good t o  excel lent ,  b u t  the q u a n t i t a t i v e  value 

i s  unknown because of the  lack  o f  c a l i b r a t i o n  before and a f t e r  logg ing  and the  

lack  o f  a repeat  run. Severe hole blockage (severa l  br idges and a p a r t i a l  ho le  

co l lapse)  caused the  hole t o  be cased w i t h  the stuck N-rods from the  surface 

t o  275 m (902 f t )  depth. 

Af ter  co r ing  t o  a t o t a l  depth o f  856 m (2809 f t)  , logg ing  o f  the  deeper 
sect ion was attempted on September 1 and 2, 1984, i n  the  77-mm-diam (3.03-in.) 
hole. The f i r s t  l o g  data were acquired fo l l ow ing  12 h o f  hole c leaning and 
i n s e r t i o n  o f  the d r i l l  rods. Because o f  unstable hole condi t ions,  logg ing  had 

t o  be done through the  p ipe  o r  below the suspended p ipe  i n  i n te rva l s .  The 

temperature, na tura l  gamma, and neutron l ogs  were run i n s i d e  the rods. The 

temperature t o o l  was run from 15 t o  842 m (50 t o  62 f t)  where the  sonde was 
stopped due t o  h igh temperature. Temperature data were obtained wh i le  going 

down hole ( a l l  o ther  l o g  data were obtained as the  logg ing  t o o l  was drawn o u t  

o f  the hole). The q u a l i t a t i v e  value of t h i s  temperature l o g  i s  exce l len t ,  
a1 though the q u a n t i t a t i v e  Val ue i s  unknown because no c a l i b r a t i o n s  were 
recorded e i t h e r  before o r  a f t e r  logging. 

The logs  acquired i n  i n t e r v a l s  below the suspended p ipe  were the  SP, 
ca l i pe r ,  densi ty ,  and res is tance.  The SP, c a l i p e r ,  and res is tance logs  were 

obtained from a depth i n t e r v a l  o f  853.4 m (2800 f t )  t o  341.4 m (1120 ft) w i t h  

a gap i n  the data from 358.4 m (1176 f t )  t o  427.3 m (1420 ft), where no 109s 
were recorded because o f  the  p o s s i b i l i t y  of t o o l  s t i ck ing .  The densi ty  l o g  

was no t  run below 701 m (2300 f t )  because o f  the temperature l i m i t a t i o n  O f  t h e  

logg ing  t o o l  The q u a l i t a t i v e  value o f  the SP and res is tance logs  below 701 m 
i s  suspect because these t o o l s  were affected by the h igh  temperature of t he  
borehole. The c a l i p e r  data from 341.4 t o  853.4 m and the res is tance,  SP, and 

densi ty  data a l l  from 341.4 t o  701 m have good q u a l i t a t i v e  value. Again the  
q u a n t i t a t i v e  value o f  a l l  of these logs  i s  unknown because no before o r  a f t e r  

l o g  c a l i b r a t i o n s  were performed and no repeat  sect ions were recorded. These 

c a l i b r a t i o n s  and repeat  runs are essent ia l  f o r  q u a n t i t a t i v e  V a l  ue because o f  

the h igh temperatures and equipment f a i l u r e s  encountered dur ing  the  logging. 

The t h i r d  se t  o f  l ogs  acquired was the  gamma-ray and thermal neutron 

logs  from a depth i n t e r v a l  of 838.2 m (2750 f t )  t o  the surface. These logs  
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were not  obtained from the hole TD of 856.2 to  838.2 m (2809 t o  2750 f t )  
because of the h i g h  borehole temperature. The q u a l i t a t i v e  value of these logs 
i s  e x c e l l e n t ,  b u t  again the q u a n t i t a t i v e  value is  unknown due to  lack of 
c a l i b r a t i o n s  before and a f t e r  logging and absence of repea t  runs. 

The geophysical logging coverage is  summarized i n  Table IX and i n  Fig.  
27. The geophysical logs a r e  q u a l i t a t i v e l y  compared w i t h  the s t r a t i g r a p h y  
derived from the core of VC-1 i n  F i g s .  28 and 29. 

Copies of a l l  the analog and d i g i t i z e d  records of the logs from VC-1 can 
be obtained from Rocky Mountain Well Log Services ,  Denver, Colorado, telephone 
(303)  740-7100. 

VI. COST SUMMARY ( 1984$) 
The t o t a l  c o s t  ( i n  1954 d o l l a r s )  f o r  the VC-1 core hole was $237,426.00.* 

T h i s  c o s t  includes s i te  preparat ion,  core d r i l l i n g  con t r ac t ,  and r e l a t e d  
serv ices  and ma te r i a l s  (Table X ) .  These cos t s  do not  include t r a n s p o r t a t i o n ,  
technical s t a f f ,  on-si te  g e o l o g i s t s ,  supporting a c t i v i t i e s  (e.g., environ- 
mental statement,  s a fe ty  and heal th  inspec t ions ,  archaeological survey, pro- 
curement, e tc . )  , or the s c i e n t i f i c  and core cura t ion  a c t i v i t i e s  conducted 
d u r i n g  or a f t e r  the coring of VC-1. 

The items i n  Table X a r e  the usual subdivis ions t h a t  r e f l e c t  the major 
a c t i v i t i e s  and items i n  the coring pro jec t .  Item No. 5, t h i r d  par ty ,  r e f l e c t s  
the cos t s  charged by the rig cont rac tor  t o  provide m a t e r i a l s  and serv ice  from 
other companies. The r a t e  charged for  t h i r d  party was 10% of the invoiced 
amounts. The c o s t  per u n i t  depth is  $278/m ($84 .7 / f t )  f o r  the VC-1 core hole 
d r i  11 i ng pro jec t .  

*When the appropriate  New Mexico S ta t e  t a x  was added to  this amount, the to t a l  
out lay was $247,268.00. 
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TABLE I X  

SUMMARY OF V C - 1  GEOPHYSICAL LOGS 
Logging 
Se ss i on 

F i r s t :  0 t o  244 m 
(0  to 800 f t )  
Open hole  s e c t i o n  

Second: 244 t o  775 m 
(902 to 2809 f t )  
Open hole  s e c t i o n  

Depth I n t e r v a l  
Tools  Logging Run m ( f t )  5 ?mar 

Ca l ipe r  0 to 37 (0 to 120) Hole caving and blockage. 
Compensated d e n s i t y  0 t o  37 ( 0  to 120) 

Ca l ipe r  427 t o  853 (1400 t o  2800) T i g h t  hole i n  Abo and 
Temperature 0 to 847 (0 t o  2780) blockage i n  deeper  zones.  
Total  gamma 0 to 835 (0 t o  2750) 
Neutron 0 t o  835 ( 0  to 2750) 
Compensated d e n s i t y  427 t o  853 (1400 t o  2800) 
Resi s ti v i ty  427 to 853 (1400 to 2500) 
SP 427 to 853 (1400 t o  2800) 

STRATIGRAPHY 

BANCO BONITO OBSIDIAN 

100 

BATTLESHIP ROCK TUFF 
UNNAMED OBSIDIAN 

UWER BANDEUER TUFF I00  

OWER BANDELKR TUFF 

BANDELIER IGNIMBRITE 

LBO FU 

IADERA LWESTONE 

IlNERIUaD BRECCIA ZONE 

IADERA LIMESTONE 

iANDIA FY 

T- O 

mo 

400 

.00 

.00 

1200 

1400 

1.00 

ZOO0 

8400 

No0 

I.00 

Fig. 27. 
Geophysica l  l o g g i n g  i n t e r v a l s  i n  V C - 1 ,  i n  r e l a t i o n s h i p  t o  s t r a t i g r a p h y .  
S t i pp led  bars w i t h  dates i n d i c a t e  logged i n t e r v a l s .  
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TABLE X 

VC-1  CORING COST SUMMARY 

I terns/ Ac t i v i  t i e s  $ (1984) Percent ( 9 )  

1. Access road and location preparation 
(road grading and c e l l a r )  

2. Logistical  support (operat ions t r a i l e r  
and chemical to i  1 e t )  

3. Rig mobilization and demobilization 

4. Core rig ( includes hourly r a t e ,  ro ta t ing-  
head r en ta l ,  and crew per diem) 

5. T h i r d  party 

6. Core b i t s  and three-cone b i t s  

7. Water supply (water,  trucking, and t a n k  

8. Fuel supply  ( d i e s e l ,  gasol ine,  and tank) 

9. Drilling f lu id  addi t ives  (mater ia ls  and 
t ranspor ta t ion)  

10. Casing, tubing, rods, cement, and wellhead 
equ i pmen t 

11. BOP r en ta l ,  t ransportat ion,  and 
hand1 i n g  

12. Geophysical logging 

13. Oriented cores ( r e n t a l ,  b i t ,  and 

14. Miscellaneous (e.g., rod grease,  core 

Total 
New Mexico S t a t e  Tax 

GRAND TOTAL 

rental  ) 

technician day r a t e )  

boxes) 

2,518 

560 

8,700 

106,325 

5,793 

9,171 

10,517 

4,167 

21,059 

41,461 

6,836 

12,130 

5,539 

2,650 

$237,426 
9,842 

1.1 

0.2 

3.7 

44.7 

2.4 

3.9 

4.4 

1.7 

8.9 

17.5 

2.9 

5.1 

2.3 

1.1 

99.9% 

$247,268 
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APPENDIX 

WIRELINE CORE BARREL OPERATIONS AND E-CORE DEFINITION 

I. BASIC CORING OPERATION 
The co r ing  technology used f o r  the V C - 1  sampling program was d i r e c t l y  

adapted from minerals i ndus t r y  equipment. The narrow-kerf cone b i t ,  Fig. A-1, 

i s  i d e a l l y  su i ted  for t h i s  type o f  top-to-bottom co r ing  program. The surface 

equipment, d r i l l  r i g ,  r o t a r y  d r ive ,  and c o n t r o l s  are designed t o  opt imize the  
high-qual i ty and high-percentage recovery o f  core. This op t im iza t i on  i s  

p r i m a r i l y  a r e s u l t  of the  low power and low b i t  loads needed by the  
narrow-kerf diamond core b i t s .  Figure A-2 i l l u s t r a t e s  these fac to rs  and the  

b a s i c  equipment  c o n f i g u r a t i o n .  The c o r e  b a r r e l  assembly shown (much 
s i m p l i f i e d )  cons is ts  o f  the outer tube ( o r  core b a r r e l )  t h a t  ro ta tes  v i a  the 

d r i l l  rods ( d r i l l  s t r i n g )  and the inner, nonro ta t ing  core tube ( i n n e r  b a r r e l )  
t h a t  does no t  r o t a t e  b u t  i n t o  which the core i s  extended as the k e r f  i s  c u t  
downward. 

The inne r  core tube i s  r e t r i e v e d  w i t h  a wire1 i n e  (cable) (Fig.  A-3). The 

core i s  he ld  i n  the i nne r  tube by a core catcher loca ted  a t  the  entrance 
( lower end) o f  the inner  tube. The w i r e l i n e  has a l a t c h  ( o r  overshot) on the 

bottom t h a t  engages a "pul lhead" o r  f i sh ing  neck. P u l l i n g  breaks o f f  t he  
column of rock and r e t r i e v e s  the i nne r  tube and core t o  the surface. Another 

core tube i s  immediately dropped ( o r  lowered i f  the core hole i s  n o t  water 
f i l l e d )  down i n t o  the core ba r re l  (ou te r  core tube) and la tched i n t o  place. 

11. EXPLANATION OF EXTRA CORE (E-CORE) 

Occasional ly a bottom sec t ion  o f  the core w i l l  f a l l  out, o r  remain 

attached t o  the hole bottom when the i nne r  core tube i s  r e t r i e v e d  w i t h  the  

w i r e l i n e  (Fig. A-3). This can r e s u l t  i n  the nex t  core run having a piece o f  

the previous core run on the  top  o f  the subsequent core run, as shown i n  F i g -  

A-4. The recogn i t i on  o f  t h i s  E-Core s i t u a t i o n  i s  important t o  the proper 

cu ra t i on  and marking o f  the core, as explained by S. Go f f  (1986). 
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CP-50 

TYPICAL DIAMOND CORING RIG 
DEPTH CAPACITIES vs. CORE SIZE 

B N H P 
36.5 47.6 63.5 85.0 
(1.432) (1.875) (2.500) (3.305) 

59.9 75.2 96.1 123.7 
(2.360) (2.980) (3.787) (4.872) 

61 0 
(2000) 

1070 
(3500) 

1372 
(4500) 

2286 
(7500) 

548 
(1 800) 

91 5 
(3000) 

1 220 
(4000) 

1981 
(6600) 

244 
(800) 

760 
(2560) 

a53 
(2800) 

1372 
(4500) 

1 20 
(400) 

365 
(1 200) 

426 
(1 400) 

762 
(2500) 

Fig. A-1. 
Core b i  ts. 
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CORE 

I 

= 25 WS) 

1 -  DIAMETER C ~ R E  -I+ 
BIT I FORCE 

I 

TYPICAL KERF SIZE 
RANGE 8 to 15 mm 
(0.3 to 0.6 in.) 

Fig. A-2. 
Typical core dril l ing bottom-hole assembly. 
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OVER 

WIRELINE 
RETRIEVAL 

CORE 

Fig .  A-3. 
Inner core tube r e t r i e v a l  system. 
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(a) FIRST CORE RUN (b) SECOND CORE RUN 

F i g .  A-4. 
Example o f  extra core (E-Core). 
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