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ABSTRACT 

INEL Geothermal E x p l o r a t o r y  Well One (INEL-1) was d r i l l e d  i n  search o f  

a geothermal resource  beneath t h e  Snake R i v e r  P l a i n  f o r  use a t  t h e  Chemical 

Process ing  P l a n t  (CPP) on t h e  Idaho Na t iona l  Eng ineer ing  Labora to ry  s i t e .  

The d r i l l i n g  s i t e  was se lec ted  as the  most p romis ing  l o c a t i o n  w i t h i n  

reasonable d i s tance  o f  t h e  CPP. 

a depth near  7500 f t  (2300 m).  Ne i the r  s i g n i f i c a n t  p roduc t i on  no r  h i g h  

temperatures were noted a t  t h a t  depth, and t h e  w e l l  was then d r i l l e d  t o  
10,333 f t  (3150 m) w i t h  s i m i l a r  f i n d i n g s .  Rock cores, geophysica l  logs,  

and h y d r o l o g i c  t e s t s  o f  t h e  w e l l  t o  date i n d i c a t e  t h a t  no u s e f u l  geothermal 
resource  e x i s t s  a t  t h i s  l o c a t i o n .  T h i s  r e p o r t  presents  i n f o r m a t i o n  on t h e  

d r i l l i n g ,  completion, and t e s t i n g  o f  INEL-1. 

The resource  was thought  t o  be l oca ted  a t  
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COMPLETION AND TESTING REPORT; INEL GEOTHERMAL EXPLORATORY 

WELL ONE (INEL-1) 

INTRODUCTION 

T h i s  r e p o r t  descr ibes t h e  d r i l l i n g ,  complet ion,  and t e s t i n g  o f  t h e  

INEL Geothermal E x p l o r a t o r y  Well  One (INEL-1). The w e l l  was d r i l l e d  i n  
search of a hydrothermal resource  beneath t h e  Idaho Na t iona l  Eng ineer ing  

Labora to ry  (INEL) f o r  use a t  t h e  Chemical Process ing  P l a n t  (CPP). 
t o  be use fu l ,  t h e  resource was expected t o  y i e l d  500 gpm (31.5 L / s )  o f  

water  a t  3OOOF (149OC). 

I n  o rde r  

The s i t e  f o r  INEL-1 was chosen by  t h e  U.S. Geo log ica l  Survey (USGS) i n  
t h e  most f a v o r a b l e  l o c a t i o n  w i t h i n  6 m i  (10 km) o f  t h e  Chemical Process ing  

P l a n t  (CPP). The l o c a t i o n  i s  NE 1/4, NW 1/4, Sec. 1, T3N, R29E, i n  

B u t t e  County, Idaho, as seen i n  F i g u r e  1. 

The s i t e  was prepared b y  EG&G Idaho, I n c .  B r i n k e r h o f f - S i g n a l  D r i l l i n g  

Company performed the  d r i l l i n g  and complet ion under c o n t r a c t  t o  t h e  
Department o f  Energy Idaho Operat ions O f f i c e  (DOE-ID). Techn ica l  d i r e c t i o n  

and d r i l l i n g  superv i s ion  were prov ided b y  Fen ix  And Scisson, an o p e r a t i n g  
c o n t r a c t o r  o f  t h e  Department o f  Energy Nevada Operat ions O f f i c e  (DOE-NV), 

a t  t h e  reques t  o f  DOE-ID. DOE- ID  funded t h e  e n t i r e  opera t ion ,  and EG&G 

prov ided l o g i s t i c  support,  budgeting, and procurement a d m i n i s t r a t i o n .  The 

USGS prov ided geo log ica l  consul t a t i o n  and funded a q u i f e r  t e s t i n g  d u r i n g  t h e  
d r  i 1 1 i ng oper a t i  on. 

S ITE  PREPARATION 

The d r i l l  s i t e  was prepared by  c l e a r i n g  and grad ing  a 5 0 0 - f t  (152-m) 

square area, excava t ing  a r e s e r v e  p i t  and a water s to rage p i t ,  c o n s t r u c t i n g  

a c e l l a r ,  d r i l l i n g  a 36-in. (91-cm) hole, cementing 30-in. (76-cm) 

conductor  p i p e  t o  a depth o f  40 ft (12 m), and b u i l d i n g  an access road  f rom 
L i n c o l n  Blvd. A water w e l l  was d r i l l e d ,  and power and te lephone l i n e s  were 

i n s t a l l e d .  T r a i l e r s  were prov ided f o r  t h e  USGS, DOE-ID, DOE-NV, Fen ix  and 

Scisson, and EG&G. 
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f i g u r e  1. INEL-1 w e l l  l o c a t i o n  on t h e  Idaho Na t iona l  Engineer ing Labora tory  
s i t e .  
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DRILLING AND OPERATIONS SUMMARY 

Drilling 

D r i l l i n g  commenced on February 15, 1979. A 26-in. (66-cm) su r face  

h o l e  was d r y - d r i l l e d  t o  1524 f t  (465 m), va r ious  geophysica l  l ogs  were 

obta ined,  and 20- in .  (51-cm) cas ing  was s e t  and cemented t o  sur face .  
blowout p reven t ion  equipment (BOPE) f o r  t h e  i n te rmed ia te  h o l e  was i n s t a l l e d  

and t e s t e d  s u c c e s s f u l l y .  The 17-1/2-in. (44-cm) i n te rmed ia te  ho le  was then 

d r i l l e d  t o  3560 f t  (1085 m), cores and geophysica l  l ogs  were obta ined,  t h e  

aqu i fe r  was tes ted ,  and 13-3/8-in. (34-cm) cas ing  was s e t  and cemented t o  
t h e  sur face .  The BOPE f o r  t he  main h o l e  was i n s t a l l e d  and t e s t e d  
s u c c e s s f u l l y .  

The 

The 12-1/4-in. (31-cm) main ho le  was a lso  d r i l l e d  w i t h  water t o  

10,333 f t  (3150 m); p e r i o d i c  h i g h - v i s c o s i t y  mud sweeps were made t o  keep 

t h e  ho le  c lean.  Cores and geophysical l ogs  were ob ta ined and an a q u i f e r  

t e s t  was attempted, us ing  a n i t r o g e n  gas l i f t  technique.  A f te r  t h i s  t e s t ,  

a 9-5/8- in .  (24-cm) l i n e r  was hung f rom 3262 t o  6796 ft (994 t o  2071 m ) .  

The l i n e r  was cemented o n l y  a t  t he  t o p  and bot tom t o  p r o v i d e  l a t e r  access 

t o  t h e  i n te rmed ia te  a q u i f e r .  A bottom-hole core  was obtained, i n c r e a s i n g  

the  depth o f  t he  open h o l e  b y  32 f t  (10 m) a t  a reduced diameter o f  8 i n .  

(20 cm). The r i g  was re leased on May 27, 1979. 

Appendix A con ta ins  excerp ts  f rom t h e  D a i l y  D r i l l i n g  Reports. 
F i g u r e  2 summarizes d r i l l i n g  and opera t ions .  D r i l l i n g  depths are  

referenced i n  t h e  k e l l y  bushing (KB), which was 20 f t  (6.1 m)  above ground 
l e v e l  (GL). 

T e s t i n g  

A f t e r  t h e  r i g  moved away, severa l  t e s t s  o f  t h e  a q u i f e r  were 

attempted. I n  e a r l y  June, a i r - l i f t  t e s t i n g  was performed, f o l l o w e d  b y  

sampling o f  t he  f l u i d  near the  bo t tom o f  t h e  borehole.  On t h e  second t r i p  

out, t h e  sampler s tuck  a t  t h e  bot tom o f  t h e  l i n e r .  I t  was decided t o  c a l l  

i n  a workover r i g ,  which performed the  f i s h i n g  j o b  and a swab t e s t .  A f t e r  

t h e  swab t e s t ,  t h e  ho le  was c i r c u l a t e d  f rom 10,000 ft (3050 m) i n  an 
a t tempt  t o  c lean remain ing  w a l l  cake w i t h  water. 

3 



0 

200c 

4000 

- - 
6000 

5 
a 
Q 
Q, 

8000 

10 000 

12 ooc 

Log borehole. Set 20-in. (51-cm) casing 

,Cut core no. 1 

Drill 17 1/2-in. 
(44-cm) hole 

Cut core no. 2. Run aquifer test 1 

-3 ,Cut core no. 3. Run aquifer test : 

13 3/8-in. (34-cm) casing Z Log borehole. Set 

Drill 12 li4-in. (31 -cm) 

Cut core no. 4. Run 

Run televiewer 

hole 

\ ,Cut cor( 

Log borehole 
Run nitrogen lift test 
Hang 9 5/8-in. (24-cm) casi 
Cut core no. 7 

L 

Feb I March I Amit 1 May 

0 

1000 

h 

E 
v 

c 
Q 
Q, 

c 

2000 a 

3000 

INEL-A-16 255 

Figure 2. INEL-1  well drilling and operations summary. 
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I n f o r m a t i o n  der ived  f rom these opera t i ons  l e d .  t o  t h e  d e c i s i o n  t o  

augment p roduc t i on  f rom t h e  i n te rmed ia te  a q u i f e r  behind t h e  9-5/8- in .  

(24-cm) l i n e r  where t e s t s  and prev ious  l ogs  had i n d i c a t e d  t h e  p o s s i b i l i t y  

o f  p roduc t i on  a t  temperatures between 150 and 200°F (66 and 93°C). The 

9-5/8-in. (24-cm) l i n e r  was p e r f o r a t e d  w i t h  730 ho les  between 4200 and 
6300 ft (1280 and 1920 m). These p e r f o r a t i o n s  prov ided access t o  t h e  
i n t e r m e d i a t e  a q u i f e r  d u r i n g  t h e  subsequent pump t e s t .  

The f i n a l  t e s t  o f  INEL-1 was made w i t h  a submers ib le  pump s e t  a t  

1300 f t  ( 3 9 6  m). 

d iscussed i n  a l a t e r  sec t i on  o f  t h i s  r e p o r t .  

The r e s u l t s  o f  t he  t e s t s  performed on INEL-1 are  

SURFACE AND CONTAINMENT EQUIPMENT 

Cel  l a r  

A r e i n f o r c e d  concrete c e l l a r  ( F i g u r e  3 )  8 b y  10 b y  8 f t  (2.4 b y  3 b y  

2.4 m) deep con ta ins  t h e  wellhead. 

(51-cm) cas ing.  

The cas ing  head i s  welded t o  t h e  20- in .  

Blowout Prevent ion  

For d r i l l i n g  below t h e  20-in. (51-cm) casing, t h e  BOPE ( F i g u r e  4 )  

inc luded:  a 20- in .  spoolp iece,  a 20- in .  d r i l l i n g  spool, a 20- in .  s i n g l e  

gate blowout preventer, a 20-in. Hydril type GK blowout preventer, and a 
20- in .  Grant  r o t a t i n g  head. 

For  d r i l l i n g  t h e  main hole,  t h e  BOPE ( F i g u r e  5 )  i nc luded  a 20- b y  

12-in. (51- b y  30-crn) WKM expansion spool  b o l t e d  t o  the  cas ing  head, above 
which were: a 12-in. (30-cm) WKM Master gate valve, a 12- in .  d r i l l i n g  

spool, a 12-in. double-gate b lowout  preventer ,  a 12- in .  H y d r i l  t ype  GK 
blowout  preventer ,  and a 12-in. Grant  r o t a t i n g  head. 
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Grant 

Double stud adapter blowout preventer 

Hydraulic valves 

Surface casing 
to 1500 ft. (457 m), 

INEL-A-16 254 

F i g u r e  4. INEL-1 w e l l  BOP wel lhead equipment (2000 p s i  minimum r a t i n g )  f o r  
d r i l l i n g  below t h e  20-in. (51-cm) cas ing  shoe. 
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F i g u r e  5. INEL-1  w e l l  BOP wel lhead equipment f o r  d r i l l i n g  below t h e  
13-3/8- in .  (34-cm) cas ing  shoe. 
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We1 1 head 

A f t e r  complet ion o f  t h e  hole,  the  BOPE was removed, l e a v i n g  o n l y  t h e  

expansion spool and t h e  Master gate v a l v e  ( F i g u r e  6 ) .  

v a l v e  i s  equipped w i t h  A P I  3000 (ANSI 900) f langes .  

The Master gate 

D r i l l i n a  Recorder 

A d r i l l i n g  recorder ,  used d u r i n g  a l l  d r i l l i n g  opera t ions ,  i n d i c a t e d  
depth, weight  on b i t ,  r o t a r y  r a t e ,  p e n e t r a t i o n  r a t e ,  and pump pressure.  

D e v i a t i o n  Survey 

D e v i a t i o n  surveys were made p e r i o d i c a l l y .  Dev ia t ions  recorded were 

u s u a l l y  less  than one degree, w i t h  a maximum o f  t h r e e  degrees a t  9294 f t  

(2833 m). 

l o c a t e d  83 f t  (25 m) south and 5 f t  (1.5 m) east  o f  t h e  s u r f a c e  ho le .  

The d i r e c t i o n a l  l o g  i n d i c a t e s  t h a t  t h e  bot tom o f  t h e  h o l e  i s  

DOWNHOLE EQUIPMENT AND SERVICES 

Conductor 

Two j o i n t s  o f  but t -welded 30- in.  (76-cm) conductor p i p e  were s e t  t o  a 

depth o f  40 f t  (12 m) and cemented t o  t h e  sur face.  

Casing 

Twenty-four j o i n t s  of 20- in.  (51-cm) K-55 133# ST&C cas ing  and 

14 j o i n t s  o f  H-40 94# ST&C c a s i n g  were s e t  t o  a depth o f  1511 f t  (460 m) 
and cemented t o  t h e  sur face  w i t h  8696 f t 3  (246 d) o f  Class G cement 

w i t h  20% s i l i c a  f l o u r ,  25 sacks K o l i t e ,  and 8% Gypseal. 

Eighty-seven j o i n t s  o f  13-3/8-in. (34-cm) P-110 72# ST&C c a s i n g  were 

s e t  t o  a depth o f  3559 f t  (1085 m) and cemented t o  t h e  s u r f a c e  w i t h  

4781 f t 3  (135 m3) o f  t h e  same cement f o r m u l a t i o n .  

9 
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Figure 6. I N E L - 1  well, wellhead equipment installed on completed well. 
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L i  ner 

E i  gh ty - four  j o i n t s  o f  9-5/8-in. (24-cm) S-95 speci  a1 d r i f t e d  40# LT&C 

cas ing  l i n e r  were hung f rom a l i n e r  hanger se t  a t  3262 f t  (994 m). 
cas ing  l i n e r  extended t o  a depth o f  6976 f t  (2126 m) . The l i n e r  was 

cemented w i t h  434 ft3 (12 m3) o f  Class G cement i n  two stages, one a t  
t h e  bottom and one a t  t h e  top, w i t h  t h e  i n t e n t i o n  o f  keeping t h e  m idsec t i on  
f ree  of cement. 

730 quar te r - i nch  (6-mm) holes between 4200 and 6266 f t  (1280 and 1910 m) i n  

seeking produc t ion  f rom the  i n te rmed ia te  aqu i fe r .  

subsur f  ace w e l l  s ta tus .  

The 

Subsequently, t h i s '  l i n e r  was pe r fo ra ted  w i t h  

F i g u r e  7 shows t h e  

L i  t h o l  og i c  Logg ing  

A s e r v i c e  company prov ided mud l o g g i n g  serv ices ,  sampled c u t t i n g s ,  and 

moni tored d r i l l i n g  f l u i d  temperature and hydrogen s u l f i d e  content .  
L i  t h o l  og i c  c h a r a c t e r i s t i c s  were determined by p e r i o d i c a l  l y  ana lyz ing  d r i  11 

c u t t i n g s  and cores when they  were acquired. A d iscuss ion  o f  INEL-1 

l i t h o l o g y  i s  presented i n  t h e  Hydrogeology s e c t i o n  o f  t h i s  r e p o r t .  

D r i l l  B i t  Summarv 

A dry ho le  d igger  d r i l l e d  40 f t  (12 m) o f  36-in. (91-cm) ho le  and s e t  

t h e  30- in. (76-cm) conductor p i  pe. 

For  t h e  sur face  hole,  f i v e  26- in.  (66-cm) b i t s  were used. Three were 

m i l l  t o o t h  b i t s ,  and were used t o  d r i l l  t o  a depth o f  610 f t  (186 m). The 
o ther  two were jou rna l -bea r ing  b i t s  used t o  d r i l l  t o  a depth o f  1526 f t  

(465 m). 

The in te rmed ia te  h o l e  was d r i l l e d  w i t h  th ree  17-1/2-in. (44-cm) 

j ou rna l -bea r ing  b i t s  t o  a depth of 3563 ft (1086 m). 

The main h o l e  was d r i l l e d  w i t h  s i x  12-1/4-in. (31-cm) b i t s  t o  a t o t a l  

depth o f  10,333 f t  (3150 m). 

Appendix B presents  t h e  d r i l l  b i t  r e c o r d  taken f rom the  D a i l y  D r i l l i n g  

Report .  

11 



3282- 

O 

Basalt 

0 0  O0I!  

7 1000 m) 

Rhyolite 

8070 ft (2460 m) 

Rhyodacite 

I /  
I 

r - i n .  40 ft (12 m) (76-cm) conductor 30-in. (76-cm) conductor 

40 ft (12 m) 

'20-in. (51-cm) H-40 and K-55 I 
11511 ft (461 m) 

3 u  
iii 

13 3/8-in. (34-cm) P-110 

j 3559 ft (1085 m) 

9 5/8-in. (24-cm) S-95 

6796 ft (2071 m) 

12 1/4-in. 
open hole 0 

10,333 ft (3150 m) 

7 7/8-in. (20-cm) 

INEL-A-16 250 
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D r i l l i n g  F l u i d s  

The 26- in.  (66-cm) ho le  was d r i l l e d  w i t h  ge l  u n t i l  r e t u r n s  were l o s t  

a t  136 f t  ( 4 1  m). 
l o s t  c i r c u l a t i o n  m a t e r i a l  was t r i e d  w i t h  no success, and t h e  su r face  ho le  
was e s s e n t i a l l y  dry d r i l l e d  w i t h  water. 

From there  t o  t h e  f i r s t  cas ing  po in t ,  a wide range o f  

The in te rmed ia te  ho le  was d r i l l e d  w i t h  convent iona l  g e l / l i m e  d r i l l i n g  

f l u i d .  The main ho le  was d r i l l e d  w i t h  water. A t  l e a s t  once each tour ,  a 

h i g h - v i s c o s i t y  sweep w i t h  d r i l l i n g  f l u i d  was made t o  remove t h e  c u t t i n g s  
and keep the  boreho le  clean. 

C o r i n g  

Cores were acquired a t  se lec ted  i n t e r v a l s  du r ing  d r i l l i n g .  

Seven cores were cut ,  analyzed, and sent t o  t h e  core l i b r a r y  a t  t h e  

U n i v e r s i t y  o f  Utah Research I n s t i t u t e .  The c o r i n g  sumnary i s  presented i n  

Appendix C. 

Geophysical Loggi  ng 

Var ious geophysica l  l o g s  were ob ta ined  o f  INEL-1 t o  determine t h e  

c o n d i t i o n  o f  t h e  ho le  a t  c e r t a i n  stages o f  t h e  d r i l l i n g  opera t ion  

(Appendix D). 
i n f  ormat i on d e r i  ved f rom the  1 ogs . 

The Hydrogeology s e c t i o n  o f  t h i s  r e p o r t  d iscusses t h e  

DR ILL  I N G  PROBLEMS 

The d r i l l e r  encountered l o s t  c i r c u l a t i o n  a t  136 f t  (41  m). The 

problem was severe, and no l o s t - c i r c u l a t i o n  d r i l l i n g  f l u i d  a d d i t i v e s  

a l l e v i a t e d  the  cond i t i on ,  a l though many were t r i e d .  The ho le  was 

e s s e n t i a l l y  " d r y  d r i l l e d "  w i t h  water t o  t h e  f i r s t  cas ing  p o i n t  below 

1500 f t  (457 m). A cons iderab le  amount o f  t i m e  was spent reaming t h e  

su r face  h o l e  be fo re  cas ing  cou ld  be set .  The subsequent cementing 

opera t i on  took e i g h t  stages; t h e  t o p  o f  t h e  f i r s t  s tage was i n d i c a t e d  a t  

180 f t  (55 m). 
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A t  a d e p t h  of 698 f t  (213 m )  the d r i l l i n g  j a r s  twisted o f f ,  leaving a 
200-ft (61-m) f i s h  in the hole. An overshot was employed and the f i s h  was 
landed on the f i r s t  attempt. 

HY DROGEOLOGY 

Geology of the I N E L - 1  Region 

Basal t ic  lava flows interbedded w i t h  s i l t y  t o  sandy al luvial  and 
lacustr ine sediments, rhyo l i t i c  a i r - f a l l  ash deposits,  and ash-flow t u f f s  

cons t i tu te  the upper 3000 f t  (900 m ) ,  approximately, of the eastern Snake 
River Plain in the v i c in i ty  of the I N E L .  Rocks below t h i s  depth had been 
ident i f ied  by deduction from geological models and limited geological data, 
and had not been d r i l l ed  un t i l  INEL-1. Dri l l ing data from INEL-1 s u p p o r t  
the hypothesis t ha t  upper crustal  rocks beneath the basal t-sediment layer 
of the eastern Snake River Plain are ch ief ly  rhyo l i t i c  t u f f s  and ash-flows 
tha t  formed collapsed calderas. Precambrian, Paleozoic, and Mesozoic 
sedimentary rocks f o u n d  in mountain ranges n o r t h  and s o u t h  of the eastern 
Snake River Plain may also be present loca l ly  below the volcanic cover o f  
the  Plain.  (From USGS Open F i l e  Report 79-1248.) 

Lithology of INEL-1 

The surface formation a t  INEL-1 was fresh basa l t  with abundant 
f rac tures ,  causing extreme l o s t  c i rculat ion problems and slow d r i l l i n g  
unt i l  casing was s e t  a t  1511 f t  (461 m ) .  
137 f t  (42  m )  and not regained unt i l  pipe was s e t .  After several days of 
mixing mud additives in an attempt t o  regain c i rcu la t ion ,  i t  was decided t o  
d r i l l  ahead with water unt i l  a casing point was reached. While d r i l l i n g  
ahead, crews were pumping nearly a half-million gallons of water 
(1890 d) a day into the formation, indicating the extensive nature of 
the f rac ture  network. 
problems were encountered in d r i l l i n g  t o  T.D. a t  10,333 f t  (3150 m ) .  

Circulation was f i r s t  l o s t  a t  

After the surface casing was s e t ,  no other major 

Although few samples were available from the surface hole, geophysical 
log data and correlat ion from nearby core holes indicate tha t  basa l t  flows 
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w i t h  occas iona l  

( F i g u r e  8 ) .  The 

nterbedded l a c u s t r i n e  sed 

basal t s  encountered upon 

were ve ry  f r e s h  o l i v i n e - r i c h  t h o l e i t e s ,  w i  

e x h i b i t e d  a d i k t y t a x i t i c  t ex tu re ,  and were 

ments a re  l o c a t e d  i n  t h i s  zone 

d r i l l i n g  o u t  f rom su r face  cas ing  

h abundant p lag ioc lase .  They 

occ as i on a 1 1 y g 1 ome r o por  p h yr i t i c 

Small amounts o f  pyroxene were seen, w i t h  c l u s t e r s  o f  o l i v i n e  phenocrysts. 

and t h e  opaque m ine ra l s  were g e n e r a l l y  i l l m e n i t e  o r  magnet i te .  

b a s a l t s  a re  b e l i e v e d  t o  be upper Qua te rna ry  i n  age. S i m i l a r  b a s a l t s  found 
a t  C r a t e r s  of t h e  Moon, 35 m i  (56 km) t o  t h e  southwest, have been dated a t  

l e s s  than 2000 years ago. 

These 

A t  approx imate ly  1650 f t  (503 m) t h e  samples showed a s u b t l e  change t o  

an o lde r ,  i n t e n s e l y  a l t e r e d  and m i n e r a l i z e d  b a s a l t .  The rocks  were 

s e r p e n t i n i z e d  t o  an almost greasy l u s t e r ,  and were h i g h l y  m i n e r a l i z e d  w i t h  

z e o l i t e ,  c h l o r i t e ,  hemat i te ,  c a l c i t e ,  and s i l i c a .  These b a s a l t s  are t h e  
o l d e s t  found i n  t h i s  area, p robab ly  midd le  P l i ocene-P le i s tocene  i n  age. 

should be  noted t h a t  no f i r m  age dates were a v a i l a b l e  f o r  t h i s  r e p o r t  and 

ages are  g i ven  on a c o r r e l a t i v e  bas is .  The USGS w i l l  age date cores taken, 

and t h i s  i n f o r m a t i o n  w i l l  be a v a i l a b l e  i n  a l a t e r  USGS r e p o r t .  

I t  

A r e l a t i v e l y  t h i c k  bed o f  T e r t i a r y  l a c u s t r i n e  sediment was encountered 

Core no. 1 showed a gray-green c lays tone,  ca lcareous 

Below t h i s  sediment a t  2440 ft (744 m), T e r t i a r y  

a t  2160 f t  (658 m).  
and o c c a s i o n a l l y  s i l t y .  

r h y o l i t e  was found. Core no. 2 showed i t  t o  be a welded ash f l o w  t u f f ,  

w i t h  abundant f l a t t e n e d  pumice fragments, r i c h  i n  qua r t z  and potassium 

f e l d s p a r .  Th i s  t u f f  con t inued t o  5750 f t  (1753 in) showing sporad ic  zones 
o f  h i g h l y  f r a c t u r e d ,  i n t e n s e l y  p r o p y l i t i z e d  and m i n e r a l i z e d  rock .  A t  t h i s  

depth, i n te rbeds  o f  nonwelded t u f f s ,  reworked t u f f s ,  a i r - f a l l  ash, and 

v o l c a n i c  b r e c c i a  a long w i t h  m r e  welded t u f f s  were encountered. 

l i t h o l o g y  cont inued t o  9000 f t  (2743 m) where t h e  welded t u f f s  began a 

gradual  change t o  dac i te ,  showing an i nc reas ing  amount o f  p lag ioc lase .  The 

T h i s  

a c t u a l  t o p  o f  t h e  d a c i t e  was p icked f rom the  d e n s i t y  l o g  a t  9460 f t  

(2883 m), w i t h  no f u r t h e r  changes encountered t o  a t o t a l  depth o f  10,333 f t  

(3150 m). 
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Geophysical Logging 

Geophysical l o g g i n g  was performed a t  v a r i o u s  stages i n  t h e  

c o n s t r u c t i o n  o f  INEL-1. Logs r u n  i n  t h e  t o p  1511 f t  (461 m) o f  t h e  h o l e  

may be u n r e l i a b l e  due t o  i n c o m p a t i b l i t y  o f  t h e  l o g g i n g  t o o l s  w i t h  t h e  l a r g e  

diameter o f  t h e  borehole.  The l i t h o l o g y  o f  t h i s  p o r t i o n  o f  t h e  h o l e  was 

determined f rom d r i l l i n g  speed, some r e t u r n  o f  c u t t i n g s ,  and c o r r e l a t i o n  
w i t h  nearby w e l l s .  C o r r e l a t i o n  was made between l i t h o l o g y  found f rom 

c u t t i n g s  and cores, and compensated neut ron  dens i ty ,  dual i n d u c t i o n ,  

n a t u r a l  gamma, c a l i p e r ,  and temperature logs.  

A t  1558 ft (475 m) a sharp l i t h o l o g i c  change i n  b o t h  t h e  n a t u r a l  gamma 

and son ic  logs i n d i c a t e s  the  end o f  a s e c t i o n  o f  sediments, a l t e r e d  b a s a l t ,  

o r  ash, t h e  t o p  o f  which occurs a t  approx imate ly  1470 ft (448 m) as 

i n d i c a t e d  b y  d r i l l i n g  speed. A l l  geophysical  l o g s  show in terbedded dense 

and more porous rocks,  p robab ly  b a s a l t  w i t h  weathered i n t e r b e d s  o r  a s h - f a l l  

t u f f  f rom 1562 t o  2170 f t  (476 t o  661 m). There, the  l o g s  show a t y p i c a l  

c l a y - t y p e  response on n a t u r a l  gamma corresponding w i t h  c l a y  and s i 1  t s t o n e  

i n  the  c u t t i n g s  record.  

m a t e r i a l s  a l t e r n a t e  w i t h  more porous rocks.  T h i s  marks the  s t a r t  o f  t h e  

s e c t i o n  o f  r h y o l i t i c ,  welded t u f f s  w i t h  s o f t e r  reworked ash beds, a i r - f a l l  

and l e s s  conso l ida ted  t u f f s .  Between 3465 and 4160 ft (1056 and 1268 m) 

occurs a s e c t i o n  o f  t i g h t ,  low p o r o s i t y  rock  w i t h  p o s s i b l e  f r a c t u r e s  near 

3650 ft (1113 m). 

Below 2480 f t  (756 m), denser, l e s s  porous 

Below t h i s  dense zone are s e c t i o n s  o f  washed-out boreho le  w i t h  

i n d i c a t i o n s  o f  h i g h e r  p o r o s i t y .  These washouts c o u l d  be a t t r i b u t e d  t o  

nonwelded t u f f s ,  reworked tu f faceous sand, o r  c i n d e r .  They correspond t o  

temperature anomalies seen i n  t h e  May 1 temperature l o g  made p r i o r  t o  

emplacement o f  t h e  l i n e r .  T h i s  r e g i o n  i s  a l s o  inc luded i n  t h e  r e g i o n  o f  

h i g h e s t  p r o d u c t i v i t y  found f rom pump t e s t i n g  on A p r i l  14 and 15. 

Temperatures i n  t h i s  r e g i o n  reach a maximum o f  150°F (65°C). S i m i l a r  

washed-out areas occur a t  6000 f t  (1829 m) an'd 6250 f t  (1905 m) w i t h  smal l  

temperature anomal i e s .  As determined f r o m  c u t t i n g s ,  t h i s  s e c t i o n  i s  

l a r g e l y  welded t u f f s  t o  5751 f t  (1753 m )  where, i n  general ,  t h e  ash u n i t s  

a r e  reworked o r  a i r - f a l l  depos i ts  w i t h  less  competence than t h e  o v e r l y i n g  

we1 ded t u f f s .  
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From 7070 t o  7231 f t  (2155 t o  2204 m )  a zone of interbedded porous and 
dense rock i s  indicated on sonic, neutron, and r e s i s t i v i t y  surveys. The 
ca l iper  log shows washing-out of the borehole. 
general, w i t h  a temperature anomaly a t  7280 f t  (2219 m )  seen in the June 13 
temperature log r u n  immediately a f t e r  n i t rogen- l i f t ing  the well. 
Nitrogen-lif t ing would remove water from the borehole and induce movement 
of water into the well t o  replace i t ,  emphasizing thermal anomalies. 
Corresponding anomalies in the neutron log and borehole compensated sonic 
log are  also apparent. 
temperature anomalies also occur a t  7500 f t  (2286 m )  and 7110 f t  (2167 m ) .  
Temperature in t h i s  region reaches 190OF (88°C). 
region of s l i g h t l y  d i f f e ren t  signature on the sonic and neutron logs may 
indicate a change in l i thology. This does not show on the natural  gamma or 
in any of the  temperature surveys, and so may n o t  correspond t o  any 
hydr olog i c ch ange . 

This region coincides, in 

Areas of higher porosity coinciding w i t h  

A t  8081 f t  (2463 m )  a 

The lower section of the borehole i s  f a i r l y  uniform from 8081 f t  

(2463 m )  down. Cuttings indicate a t rans i t ion  from rhyol i te  t o  daci te  
s t a r t i n g  a t  9050 f t  (2758 m ) .  Temperature anomalies are apparent from 9600 
t o  9750 f t  (2926 t o  2972 m ) ,  possibly in regions of f ractured rock which do 
not show up on geophysical logs. An isothermal condition a t  the bottom of 
the borehole indicates a zone of stagnant water, possibly d r i l l i n g  f lu id .  

In general, the geophysical logs indicate only a s l i g h t  poss ib i l i ty  
for  water production below the l i ne r  with the possible exception of the 
zone between 7070 and 7231 f t  (2155 and 2204 m ) .  This could be e i the r  a 
f ractured and al tered zone, or  a zone of reworked tuff  with higher porosity 
and less  competence than sur rounding  t u f f s  as indicated by washing o u t  of 
the borehole. There are  no other indications of higher porosity in the 
lower section of the borehole except for  the temperature anomalies near 
9700 f t  (2957 m ) .  

Bottom hole temperature as high as 302OF (150°C) was recorded during 
temperature 1o.gging on May 24,  1979. 
repeated in l a t e r  surveys and a maximum-reading thermometer showed a bottom 
hole temperature of 288°F (142°C) a t  the time of t h i s  log. 
showed the same bottom hole temperature of 288°F (142°C). 

However, t h i s  temperature was n o t  

Later logs 
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TESTING OF INEL-1 

P r i o r  t o  t h e  d r i l l i n g  o f  t h e  INEL-1 w e l l ,  ve ry  l i t t l e  i n f o r m a t i o n  on 

t h e  geology and hydro logy  o f  t h e  eas te rn  Snake R i v e r  P l a i n  was a v a i l a b l e  

f o r  t h e  rock  u n i t s  below a depth o f  1500 f t  (457 m). The w e l l ,  l oca ted  i n  
t h e  west -cent ra l  p a r t  of t h e  INEL, was ins t rumen ta l  i n  g a i n i n g  h y d r o l o g i c  

in fo rmat ion  about these lower u n i t s .  
a f t e r  d r i l l i n g  o f  INEL-1 t o  eva lua te  the  h y d r a u l i c  c h a r a c t e r i s t i c s  o f  t h e  

borehole.  

and pump t e s t i n g .  

Several a t tempts were made d u r i n g  and 

These at tempts i n c l u d e  n i t r o g e n -  1 i f t i n g ,  a i r - 1  i f t  ing,  swabbing, 

A a u i f e r  T e s t  1 

From March 23 t o  March 24, 1979, an a q u i f e r  t e s t  was r u n  on a 6 9 5 - f t  

(212-m) s e c t i o n  o f  t h e  INEL-1 w e l l .  The t e s t  i n t e r v a l  cons i s ted  o f  s t r a t a  
between 1511 and 2206 f t  (460 and 672 m )  below GL. A t  t he  t ime  o f  t h e  

t e s t ,  t h e  w e l l  was cased w i t h  20- in .  (51-cm) O.D. cas ing  f rom t h e  su r face  
t o  a depth o f  1511 f t  (460 m) and o r i g i n a l l y  con t inued as a 17-1/2-in. 

(44-cm) open ho le  from 1511 t o  2518 f t  (460 t o  767 m). 

The boreho le  pene t ra ted  a r e p e t i t i v e  sequence o f  b a s a l t  and sediment 

from t h e  su r face  t o  a depth o f  2445 f t  (745 m). 

sediment s e c t i o n  was t rave rsed  f rom 1220 t o  1530 f t  (372 t o  466 m). 
s e c t i o n  p robab ly  ac ts  as a c o n f i n i n g  l a y e r  and separates t h e  Snake R i v e r  

P l a i n  a q u i f e r  i n t o  two d i s t i n c t  zones. A t h i c k  s e c t i o n  o f  r h y o l i t i c  welded 
t u f f  was encountered below 2445 f t  (745 m) and had n o t  been breached when 

d r i l l i n g  was te rmina ted  f o r  Tes t  1. 

d r i l l i n g  mud f rom t h e  borehole, cav ing  sediments f i l l e d  t h e  h o l e  f rom 2518 

t o  2206 f t  (767 t o  672 m). The r h y o l i t e s  were then t e m p o r a r i l y  sealed and 
p robab ly  d i d  n o t  c o n t r i b u t e  water t o  t h e  a q u i f e r  t e s t .  

i n t e r v a l  c o n s i s t e d  o f  s t r a t a  present  i n  t h e  now-designated lower b a s a l t  

zone o f  t h e  Snake R i v e r  P l a i n  aqu i fe r .  

A t h i c k ,  p redominant ly  

T h i s  

Upon removal o f  h i g h l y  v iscous  

Therefore,  t h e  t e s t  

A 30-hp submersible pump was i n s t a l l e d  a t  a depth o f  802 f t  (244 m)  

below GL. A 1- in .  (2.5-cm) d iameter  measuring l i n e  was i n s t a l l e d  t o  828 f t  
(252 m) below GL t o  f a c i l i t a t e  wa te r - l eve l  measurements. 

l e v e l  

The s t a t i c  water 
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was about 330 f t  (100 m) below GL. 
1979. The average pumping r a t e  was about 125 gpm (8 L/s). The test  
terminated a t  0814 on March 24, 1979. The maximum drawdown from the t e s t  
was 218 f t  (66 m). 
0.57 gpm/ft  of drawdown (1.8 x L/s*m). The coeff ic ient  of 
t ransmissivi ty  was determined to be 224 g p d / f t  (2.77 m2/d) .  

Pumping s ta r ted  at  0814 on March 23, 

The calculated 14-1/2-hr spec i f i c  capacity i s  

Aquifer Test 2 

Following Aquifer Test 1, d r i l l i n g  continued to a d e p t h  of 3713 f t  

The  borehole continued from 3559 t o  3663 f t  
(1132 m )  and a 13-3/8-in. (34-cm) casing was set from the surface t o  a 
d e p t h  of 3559 f t  (1085 m ) .  
(1085 t o  1116 m )  as  a 12-1/4-in. (31-cm) open hole and a 7-7/8-in. (20-cm) 
cored interval  from 3663 t o  3713 f t  (1116 t o  1132 m ) .  
performed on t h i s  154-ft ( 4 7 4 )  section of the  INEL-1 well from April 6 
through A p r i l  8 ,  1979. 

Aquifer Test 2 was 

The  rock s t r a t a  penetrated by the  renewed d r i l l i n g  were dominated by 
rhyo l i t i c  welded tuff w i t h  a few t h i n  tuffaceous interbeds of varying 
compositions. 
been f i l l e d  by secondary mineralization and t h a t  t he  rhyo l i t i c  rocks were 
very dense. 
corehole was, therefore ,  assumed t o  be negligible.  

Cores demonstrated that  f rac tures  present in the  samples had 

Water contribution t o  the t e s t  th rough  the bottom of the  

The 30-hp submersible pump used in  Aquifer Test 1 was ins ta l led  a t  a 
depth  of about 840 f t  (256 m )  below GL. 
measuring l i ne  was ins ta l led  to  807 f t  (246 m) below GL t o  f a c i l i t a t e  
water-1 eve1 measurements. The average pumping 
r a t e  was about 20 gpm (1.25 L/s) fo r  the en t i r e  test. The s t a t i c  water 
level was about 290 f t  (88 m )  below GL. 
(140 m )  a f t e r  pumping fo r  43 hours. 
capacity was determined t o  be 0.04 gpm/ft  (1.28 x los5 L/s*m). 
coeff ic ient  of transmissivity was determined from recovery data as  
14.3 gpd/ft (0.18 m2/d) .  

A l - in .  (2.5-cm) diameter 

Pumping began on Apri 1 6. 

Maximum drawdown was about 459 f t  

From t h i s  information, the  spec i f ic  

The 
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I .  

A comparison o f  t h e  da ta  obta ined f rom A q u i f e r  Tes t  2 t o  the  d a t a  
obta ined from Test  1 shows t h a t  t h e  p e r m e a b i l i t y  and t h e  amount o f  water 

recoverab le  f rom t h e  rhyo l i te -dominated  a q u i f e r  a re  a t  l e a s t  an order  of  

magnitude lower than t h e  same parameters i n  t h e  o v e r l y i n g  lower b a s a l t s  o f  

t h e  Snake R i v e r  P l a i n  a q u i f e r .  

A q u i f e r  T e s t  3 

F o l l o w i n g  t e s t  2, the  boreho le  was deepened b y  means o f  d r i l l i n g  a 
12-1/4-in. (31-cm) open h o l e  f rom 3663 t o  4839 ft (1116 t o  1475 m) and a 

7-7/8-in. (20-cm) cored h o l e  f rom 4839 t o  4879 f t  (1475 t o  1487 m). The 

w e l l  cas ing  complet ion was s i m i l a r  t o  t h a t  o f  T e s t  2 and t h e  r o c k s  

p e n e t r a t e d  were a l s o  v e r y  s i m i l a r  r h y o l i t i c  welded t u f f  w i t h  t u f f a c e o u s  

in te rbeds .  The open 1320- f t  (402-m) s e c t i o n  o f  t h e  w e l l  was i n v e s t i g a t e d  

b y  A q u i f e r  Tes t  3. The t e s t  was performed f rom A p r i l  13 t o  15, 1979, and 

inc luded t h e  s t r a t a  analyzed i n  A q u i f e r  T e s t  2. 

The 30-hp submersible pump was s e t  a t  about 840 f t  (256 m) below GL. 

A 1- in .  (2.5-cm) d iameter  measuring l i n e  was i n s t a l l e d  a t  a depth o f  

approx imate ly  810 f t  (247 m) below GL t o  f a c i l i t a t e  water l e v e l  

measurements. A t  1246 on A p r i l  14, pumping f o r  Aqu i fe r  T e s t  3 began, and 
a f t e r  an hour was n e a r l y  a t  a cons tan t  r a t e  o f  75 gpm (4.7 L / s ) .  I n i t i a l  

s t a t i c  water l e v e l  was approx imate ly  290 ft (88 m). 

l a s t  17 hours o f  the  t e s t  reached a maximum o f  359 f t  (109 m). The 

c a l c u l a t e d  s p e c i f i c  c a p a c i t y  f o r  t h i s  zone i s  0.20 gpm/f t  
(6.4 x 10-5L/s.m). The c o e f f i c i e n t  o f  t r a n s m i ' s s i v i t y  was determined 

f rom t h e  recovery  curve and f rom a semi log p l o t  o f  the  drawdown data. 

b o t h  cases, t h e  values were i d e n t i c a l  a t  77 g p d / f t  (0.95 d / d ) .  

approx imate ly  2 hours, t h e  drawdown d a t a  i n d i c a t e d .  t h a t  v e r y  l i t t l e ,  i f  

any, f u r t h e r  drawdown would occur. 

e f f e c t i v e  r a d i u s  o f  a c r o s s - s e c t i o n a l  area covered b y  the  cone o f  

depression had increased * t o  a p o i n t  where recharge f rom t h e  a q u i f e r  t o  t h e  

pumping w e l l  was n e a r l y  equal t o  i t s  pumping r a t e .  

Drawdown d u r i n g  t h e  

I n  

A f t e r  

T h i s  r e l a t i o n s h i p  i n d i c a t e s  t h a t  t h e  
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The h y d r o l o g i c  parameters determined f o r  t h e  r h y o l i t i c  rocks  i n  t h i s  

t e s t  a re  cons ide rab ly  h ighe r  than those determined f rom Tes t  2 and are  
m o s t l y  due t o  a d d i t i o n a l  foo tage i n  t h e  Tes t  3 zone. However, t he  r e s u l t s  

of T e s t  3 i n d i c a t e  t h a t  t h e  h y d r o l o g i c  parameters o f  t h e  r h y o l i t i c  rocks  

are about t h r e e  t imes sma l le r  than those f o r  t h e  lower b a s a l t s  o f  t h e  Snake 

R i v e r  P l a i n  a q u i f e r  and i n d i c a t e  o n l y  l i m i t e d  p o t e n t i a l .  

N i t r o a e n - L i f t  T e s t i n a  

N i t r o g e n - l i f t i n g  was at tempted d u r i n g  d r i l l i n g  t o  assess t h e  open 

boreho le  i n t e r v a l  from 3560 t o  10,333 f t  (1085 t o  3150 m). 

i n t roduced  through t h e  open-ended d r i l l  stem hung i n  the  13-3/8-in. (34-cm) 

cas i ng . 
Ni t rogen  was 

The n i t r o g e n - l i f t i n g  was u s e f u l  i n  c lean ing  t h e  hole,  b u t  d i d  n o t  
p rov ide  adequate h y d r a u l i c  da ta  t o  assess fo rma t ion  c h a r a c t e r i s t i c s .  Flow 

measurement was ex t remely  d i f f i c u l t  because n i t r o g e n  b u i l t  up i n  t h e  l a r g e  
annular space producing p e r i o d i c  bubbles w i t h  surge- type d ischarge.  I n  

a d d i t i o n ,  access t o  t h e  eductor  p ipes  a t  t h e  p ressu r i zed  wel lhead was 

d i f f i c u l t .  

p rec luded measurement o f  f l u i d  l e v e l  i n  t h e  annulus. 
c i rcumstances d i d  n o t  p e r m i t  q u a n t i t a t i v e  assessment o f  response. 

The wel lhead assembly r e q u i r e d  t o  accommodate t h e  equipment 

The method and 

A i r - L i f t  T e s t i n g  

A i r - l i f t  t e s t i n g  was c a r r i e d  o u t  June 10-11, 1979. The d r i l l i n g  r i g  

had been moved o f f  t h e  ho le  a t  t h i s  t ime a f t e r  reach ing  t o t a l  depth. The 

i n t e r v a l  open t o  t e s t i n g  was t h a t  s e c t i o n  o f  t h e  h o l e  below t h e  9-5/8- in .  

(24-cm) cas ing  between 6804 and 10,364 ft (2074 and 3159 m). Water l e v e l  

was 295 f t  ( 9 0  m). A i r  was in t roduced through a s t r i n g  o f  2- in .  (5-cm) 

t u b i n g  hung i n s i d e  t h e  13-3/8-in. (34-cm) cas ing.  Several  at tempts were 

made on June l o t h ,  g r a d u a l l y  i n c r e a s i n g  t h e  l e n g t h  of t u b i n g  u n t i l  i t  

reached 1000 f t  (305 m). The w e l l  was p e r m i t t e d  t o  recover  ove rn igh t  and a 

f u r t h e r  t e s t  was attempted. S t a t i c  f l u i d  l e v e l  b e f o r e  t h i s  t e s t  was 673 f t  

(205 m) and showed a t r e n d  o f  s low recove ry  o f  1.6 f t / h r  (0.5 m/hr) .  
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The response t o  a i r - l i f t i n g  was a two-minute p u l s e  o f  water .  When 

f low stopped, t h e  wel lhead assembly was removed and recovery  measurements 

were commenced. A f t e r  20 minutes t h e  water l e v e l  was 668 f t  (204 m) and i t  

s l o w l y  recovered t o  620 ft (189 m) a f t e r  48 hours. 

The r e c o v e r y  response t o  a i r - l i f t i n g  was analogous t o  a " s l u g "  t e s t  

because t h e  pumping p e r i o d  was ext remely s h o r t .  For t h i s  reason, t h e  

method o f  Cooper, Bredehoeft,  and Papadapulos was a p p l i e d  as t h e  most 

a p p r o p r i a t e  means o f  a n a l y z i n g  a v a i l a b l e  recovery  data.  
i n d i c a t e d  an apparent t r a n s m i s s i v i t y  o f  l e s s  than 100 g p d / f t  (1.25 d / d ) .  

T h i s  method 

The v e r y  s low r e c o v e r y  f o l l o w i n g  a i r - l i f t  t e s t i n g  suggested t h e  

p o s s i b i l i t y  o f  w e l l b o r e  damage i n  a d d i t i o n  t o  low h y d r a u l i c  c o n d u c t i v i t y  i n  

t h e  s e c t i o n  tes ted .  To assess t h i s  p o s s i b i l i t y ,  an at tempt  was made t o  

o b t a i n  s e l e c t i v e  samples o f  borehole f l u i d  u s i n g  a Schlumberger Repeat 

Format ion Tes ter  on June 15, 1979. The samples recovered a t  10,107 f t  

(3081 m) and 10,307 ft (3142 m) v e r i f i e d  t h e  presence o f  d r i l l i n g  f l u i d .  

The res idence t ime s i n c e  d r i l l i n g  stopped and t h e  288°F (142°C) boreho le  

temperature measurement suggested t h a t  f o r m a t i o n  damage might  be an 

impor tan t  i n f l u e n c e  on y i e l d .  

Swab T e s t i n g  

I n  an at tempt  t o  c lean and s t i m u l a t e  t h e  borehole,  swabbing was 

c a r r i e d  o u t  J u l y  10-13, 1979. T h i s  method was s e l e c t e d  t o  min imize t h e  
p o s s i b i l i t y  o f  pushing contaminated d r i l l i n g  f l u i d  i n t o  the  fo rmat ion .  

swabbing was c a r r i e d  o u t  i n  . tub ing  w i t h  a packer .set  near t h e  f o o t  o f  t h e  

9-5/8-in. (24-cm) l i n e r .  L i m i t e d  i n f o r m a t i o n  .on t h e  h y d r a u l i c  

c h a r a c t e r i s t i c s  o f  t h e  open i n t e r v a l ,  6804 t o  10,364 ft (2074 t o  3159 m), 

The 

can be drawn f rom t h e  r e s p o n s e ' t o  swabbing. 

I n i t i a l  f l u i d  l e v e l  was 361 ft (110 m) below GL'. Successive swabbing 

runs  were made, swabbing the t u b i n g  d r y  t o  a depth o f  5512 f t  (1680 m). 

F l u i d  l e v e l  recovered i n  12 hours t o  a depth o f  approx imate ly  1503 f t  

(458 m). 

than 100 gpd/ f t  (1.25 m2/d). 

The recovery  da ta  i n d i c a t e d  an apparent t r a n s m i s s i v i t y  o f  l e s s  

F o l l o w i n g  swabbing, t h e  h o l e  was 
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c i r c u l a t e d  w i t h  water  th rough t u b i n g  hung t o  ,170 f t  (3100 m). 
Approx imate ly  115,000 ga l  (435 d) were c i r c u l a t e d ,  r e p r e s e n t i n g  

approx imate ly  two boreho le  volumes. 

Pump T e s t i n g  

Both t h e  a i r - l i f t i n g  and swabbing opera t i ons  i n d i c a t e d  t h a t  o n l y  ve ry  

poor y i e l d  cou ld  be expected from t h e  b a r e f o o t  segment o f  t h e  borehole.  

was decided t o  t ry  t o  improve the  y i e l d  b y  p e r f o r a t i n g  t h e  9-5/8-in. 
(24-cm) l i n e r  oppos i te  i n d i c a t e d  p r o d u c t i v e  zones between 4200 and 6273 ft 

(1280 and 1912 m). 

Schlumberger. Lower f l u i d  temperatures were a n t i c i p a t e d  i n  t h i s  i n t e r v a l  

than i n  the  deeper, uncased sec t i on .  Table 1 shows the  p e r f o r a t e d  

i n t e r v a l s  and a n t i c i p a t e d  f l u i d  temperatures ob ta ined f rom p r e - l i n e r  

temperature logs.  

I t  

P e r f o r a t i n g  was c a r r i e d  ou t  on August 14, 1979 b y  

A p r e l i m i n a r y  es t imate  o f  t h e  p o t e n t i a l  y i e  d f rom t h e  p e r f o r a t e d  we 

based on e a r l i e r  t e s t i n g  o f  the  uncased i n t e r v a l  b y  USGS i n d i c a t e d  t h a t  

r e l a t i v e l y  poor p roduc t i on  cou ld  be a n t i c i p a t e d .  The p r e d i c t e d  drawdowns 

a t  r a t e s  o f  100 gprn (6.1 L/s) and 500 gpm (31.5 L/s) are summarized i n  

Table 2. These p r e d i c t i o n s  were made u s i n g  ex tens ion  o f  t h e  l i n e a r  

1 

drawdown t r e n d  i n d i c a t e d  i n  t h e  USGS A p r i l  14-15 t e s t  and app ly ing  a r a t i o  

technique.  The p r e d i c t i o n s  assume no h y d r a u l i c  boundar ies are i n t e r s e c t e d  

and t h a t  t he  p e r f o r a t e d  i n t e r v a l  responds as e f f i c i e n t l y  as the  open 

we1 l b o r e  would. 

A pumping t e s t  was performed September 11, 1979 t o  eva lua te  the  

p e r f o r a t e d  w e l l .  

(25.2 L/s) w i t h  i n t a k e  s e t  a t  1280 f t  (390 m). 
p r e d i c t i o n s  i n d i c a t e d  t h a t  t h e  water l e v e l  would f a l l  below 1280 f t  (390 m) 

a t  400 gpm (25.2 L/s), t h i s  pump s e l e c t i o n  was accepted because t h e  terms 

o f  re fe rence  f o r  a p r a c t i c a l  source w e l l  c a l l e d  f o r  a y i e l d  o f  500 gpm 

(31.5 L/s) w i t h  reasonable l i f t  costs .  

The pump used f o r  t h i s  t e s t  was r a t e d  a t  400 gpm 

Al though t h e  p r e l i m i n a r y  
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TABLE 1. INEL-1 WELL PERFOKATED ZONE INTERVALS 
AND A N T I C I P A T E D  FLUID TEMPERATURES 

A n t i c i p a t e d  
Per fo ra ted  Zone, f t  (m) Temperature, OF ( " C )  

421 0-4225 
( 1283- 1288) 

4 240 -42 70 
( 1292- 1302) 

4300-431 5 
(1311-1315) 

4490 -4520 
( 1369- 1378) 

4775-4790 
( 1455- 1460) 

5085-5100 
(1550- 1555) 

5230-5245 
( 1594- 1599) 

5995-601 0 
( 1827- 1832) 

6 220 -6 235 
( 1896- 1900) 

6 260 -6 2 7 5 
( 1908- 19 13) 

154 
(68)  

156 
(69)  

160 
(71)  

(74 )  
166 

168 
(76)  

169 
(76)  

TABLE 2. PREDICTED INEL-1 WELL DRAWDOWNS 

P r e d i c t e d  Drawdown f rom S t a t i c  Water Leve l ,  f t  (rn) 
1 day 30 days 150 days 210 days 

100 
(6.1) 

5 00 2450 2550 2600 2600 
(31.5) (750) ( 780 1 ( 790 1 (790 1 
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F l u i d  l e v e l  i n  t h e  w e l l  was mon i to red  by a n i t r o g e n  l i n e  s e t  near  t h e  

pump i m p e l l e r s  w i t h  p ressure  read from a He ise  gauge. I n i t i a l  f l u i d  l e v e l  

was 371 ft (113 m) below ground l e v e l .  

400 gpm (25.2 L / s ) ,  t h e  a v a i l a b l e  drawdown was exhausted, t e r m i n a t i n g  t h e  

t e s t .  Recovery measurements were c o l l e c t e d  f o r  100 minutes, a f t e r  which 

r e c o v e r y  was complete. Drawdown and r e c o v e r y  measurements i n d i c a t e  t h a t  

t h e  apparent t r a n s m i s s i v i t y  i s  l e s s  than 100 g p d / f t  (1.25 m2/d). 

t e s t  i n d i c a t o r s  p o i n t  t o  a v e r y  poor producing w e l l .  

A f t e r  7.3 minutes o f  pumping a t  

A l l  

CHEMICAL LOGGING 

Chemical l o g g i n g  s t u d i e s  were conducted a t  INEL-1. Ca lc ium-a lka l  i n i t y  

r a t i o s  as a f u n c t i o n  o f  d r i l l  depth a s s i s t e d  i n  t h e  d e f i n i t i o n  o f  warm and 

h o t  water  a q u i f e r s  p e n e t r a t e d  b y  t h e  d r i l l .  

c o r r e l a t i o n s  between chemical logs  and geophysical  logs and evaluates t h e  

chemical  da ta  c o l l e c t e d  f r o m . t h e  f low t e s t s ,  n i t r o g e n - l i f t y  swab t e s t ,  and 
t h e  f i n a l  c i r c u l a t i o n  t e s t  o f  INEL-1. 

T h i s  s e c t i o n  descr ibes t h e  

C o r r e l a t i o n  o f  t h e  c a l c i u m - a l k a l i n i t y  l o g  and t h e  compensated neut ron  

T h i s  zone l o g  between 4590 and 5250 f t  (1399 and 1600 m) was s i g n i f i c a n t .  

has t h e  h i g h e s t  p o r o s i t y  w i t h i n  t h e  borehole.  The chemical l o g  i n d i c a t e s  

t h a t  t h e  boreho le  area hav ing  t h e  h i g h e s t  p o r o s i t y  i s  t h e  area o f  h i g h e s t  

f o r m a t i o n  water f l o w .  From t h e  depth o f  6230 t o  9840 f t  (1900 t o  3000 m), 

t h e  p o r o s i t y  decreases and the  chemical  l o g  g ives  no i n d i c a t i o n  o f  any 

water  f l o w .  Below 9840 ft (3000 m), t h e  neut ron  l o g  shows no areas w i t h  

any s i g n i f i c a n t  p o r o s i t y .  The chemical log,  however, i n d i c a t e s  t h e  

1 f r a c t u r e s  p o s s i b i l i t y  o f  h o t  water a t  low f l o w  r a t e s ,  p o s s i b l y  f rom sma 

which are  n o t  de tec ted  b y  t h e  neut ron  log .  

Comparison o f  t h e  c a l c i u m - a l k a l i n i t y  and t h e  c a l i p e r  l o g  i n d i c a t e s  

t h a t  t h e  areas where the  c a l c i u m - a l k a l i n i t y  r a t i o  i s  h i g h e s t  c o r r e l a t e  w e l l  

w i t h  t h e  washout areas o f  t h e  borehole.  I t  i n d i c a t e s  t h a t  t h e  fo rmat ions  

w i t h  the  g r e a t e s t  f l o w  are  l o c a t e d  4590 and 5575 f t  (1399 and 1699 m). 

Flow t e s t s  between 3400 and 4890 ft (1036 and 1490 m) produced water a t  a 

temperature o f  approx imate ly  122°F (5OOC) and t h e  resource  was es t imated t o  

be capable o f  a f l o w  o f  approx imate ly  100 gpm (6.3 L / s ) .  
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The l i tho logic  log defines the f rac ture  zones and contact points 
between d i f fe ren t  zones. 
l i tho logic  log cor re la tes  well between 4590 and 5900 f t  (1400 and 1800 m )  
and 9840 f t  (3000 m ) .  
d i lut ion by an aquifer t o  show change, i t  is inferred that  these are the 
water-producing zones i n  INEL-1. 
(1800 and 3000 m )  has a number of high-porosity f ractured zones n o t  defined 
by the chemical log. I t  i s  assumed t h a t  these zones did not produce enough 
water t o  a f fec t  the chemical composition of the d r i l l  water and 
consequently the chemical log. 

Comparison of the calcium-alkalinity log with the 

Since the chemical log depends on d r i l l  f l u i d  

The wellbore between 5900 and 9840 f t  

INEL-1 was flow tested at several depths and water samples were 

( a )  most of the water produced from the well comes 
obtained. 
following conclusions: 
from the intermediate zone, ( b )  the  water from the intermediate and lower 
zone i s  of the low-chloride bicarbonate type, and ( c )  data evaluation 
supports the existence a t  one time o f  vapor-dominated geothermal systems in 
the Snake River Plain. 

Chemical analysis d a t a  from the four flow t e s t s  s u p p o r t  the  

Air - l i f t ing  of water from INEL-1 was conducted a f t e r  well completion 
t o  induce flow from the formations a t  t h e  bottom o f  t he  borehole. 
were then collected u s i n g  a downhole sampler. The very low f luor ide  and 
s i l i con  concentrations indicate  t h a t  the samples contained only the water 
used for  d r i l l i n g .  This indicates t h a t  very l i t t l e ,  i f  any, formation 
water was produced a t  the  bot tom of t he  borehole. 

Samples 
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APPENDIX A 

TABLE A-1. DAILY DRILLING REPORTS, FEBRUARY TO M A Y  1979 

February  15 INEL-1 spudded a t  11:OO a.m. D r i l l e d  l a v a  f rom 
40 f t  (12 m) t o  97 f t  (30 m). 
93 f t  (28  m). 

Survey: 0' a t  

Mud - g e l / l i m e :  
Weight - 8.8 I b / g a l  (1.05 kg/L)  
V i s c o s i t y  - 50 

Bottom h o l e  assembly: 
10- in .  (25.4-cm) d r i l l  c o l l a r s  ( 2 )  
Shock sub 
26- in .  (66.0-cm) b i t ,  HTC OSC3 

February 16 D r i l l e d  i n  b a s a l t .  Added s t a b i l i z e r  and d r i l l  
c o l l a r s .  L o s t  c i r c u l a t i o n  a t  137 f t  (42 m). 
Mixed l o s t  c i r c u l a t i o n  m a t e r i a l s :  P l u g - i t ;  mica, 
wa lnu t  h u l l s ,  F i b e r t e x .  

February  17 

February  18 

Bottom Ho le  Assembly: 
9 - i n .  (22.9-cm) d r i l l  c o l l a r  
S t a b i l i z e r  
10- in .  (25.4-cm) d r i l l  c o l l a r s  ( 2 )  
Shock sub 
26- in .  (66.0-cm) b i t ,  HTC OSC3 

Pumped p i l l .  D r i l l e d  w i t h  water  t o  164 f t  (50 m). 

Mixed LCM. Pumped p i l l .  D r i l l e d  t o  169 f t  
(52 m). T r ipped  o u t  f o r  b i t  No. 2. Added 
s t a b i l i z e r  and d r i l l  c o l l a r s  t o  BHA. D r i l l e d  t o  
248 f t  (76  m) i n  b a s a l t .  

Bottom h o l e  assembly: 
8 - i n .  (20.3-cm) d r i l l  c o l l a r  
Stab i 1 i zer  
9 - in .  (22.9-cm) d r i l l  c o l l a r s  ( 4 )  
S t a b i l i z e r  
10-in. (25.4-cm) d r i l l  c o l l a r s  ( 2 )  
Shock sub 
26- in .  (66.0-cm) b i t ,  HTC OSC3 

February 19 D r i l l e d  t o  311 'ft (95 m) w i t h  mud, water ,  and LCM. 

February  20 D r i l l e d  t o  326 ft (99  m). T r ipped  o u t  f o r  b i t  
No. 3. Added f i v e  8 - in .  (20.3-cm) d r i l l  c o l l a r s .  
Pumped p i l l :  no r e t u r n s .  
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TABLE A- 1 (continued) 

February 21 Tripped in with bit No. 3. 
382 ft (116 m). Surveyed hole: 1/2" at 325 ft 
(99 m). 

Bottom hole assembly: 
8-in. (20.3-cm) drill collars (6) 
Stabilizer 
9-in. (22.9-cm) drill collars (4) 
10-in. (25.4-cm) drill collars (2) 
Shock sub 
26-in. (66.0-cm) bit, HTC OSC3 

Drilled with water to 

February 22 

February 23 

February 24 

February 25 

Reamed hole. Removed stabilizers. Picked up 
drilling jars. Drilled to 442 ft (135 m). Lost 
circulation at 392 ft (119 m); got it back at 
413 ft (126 m); surveyed hole; 1/4" at 430 ft 
(131 m). 

Drilled t o  537 ft (164 m) with water. 

Bottom hole assembly: 

Mixed mud. 

8-in. (20.3-cm) drill collars ( 6 )  
Dr i 1 1 ing jars 
8-in. (20.3-cm) drill collars (2) 
9-in. (22.9-cm) drill collars (4) 
10-in. (25.4-cm) drill collars (2) 
Shock sub 
26-in. (66.0-cm) bit, HTC OSC3 

Mixed mud and LCM. Pumped pill. Drilled with 70% 
returns t o  570 ft (174 m). Survey: 1/2" at 
561 ft (171 m). 

Drilled with water to 609 ft (186 m). Tripped out 
for bit No. 4. Serviced rig. Drilled with water 
t o  698 ft (213 m). Twisted off. Top of fish at 
498 ft (152 m) at location of drilling jars. 
Tripped in with overshot, caught fish and landed 
it. 

Bottom hole assembly at time of twist-off was 
686 ft (209 m) long as follows: 

Heavy weight drill pipe (7 jts) 
8-in. (20.3-cm) drill collars (6) 
Dr i 1 1 i ng jars 
8-in. (20.3-cm) drill collars (2) 
9-in. (22.9-cm) drill collars (4) 
10-in. (25.4-cm) drill collars (2) 
Shock sub 
26-in. (66.0-cm) bit, HTC OSCIG 
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TABLE A- 1 (cont inued)  

February 26 Tr ipped i n .  Mixed mud. Reamed t o  bottom. 
D r i l l e d  w i t h o u t  r e t u r n s  t o  865 f t  (264 m). 

February 27  P u l l e d  3 stands and p icked up d r i l l i n g  j a r s .  
D r i l l e d  w i t h  water t o  933 ft (284 m). 

February 28 D r i l l e d  t o  973 f t  (29.7 m). 
No. 5. 
Surveyed ho le :  

Tr ipped ou t  f o r  b i t  
D r i l l e d  w i t h  water t o  1067 f t  (325 m). 

3/4" a t  985 f t  (300 m). 

March 1 

March 2 

March 3 

March 4 

March 5 

March 6 

March 7 

March 8 

March 9 

D r i l l e d  w i t h  water t o  1218 f t  (371 m), pumping an 
occasional  p i l l  t o  c lean the  hole.  

D r i l l e d  w i t h  water and occasional  p i l l s  t o  1524 ft 
(465 m). Surveyed hole:  1/4O a t  1290 f t  (393 m). 

Tr ipped o u t  and reamed hole.  Rigged up loggers.  

Obtained temperature and c a l i p e r  logs.  
ho le .  Tr ipped i n  and washed t o  bottom. 

Cleaned 

Cond i t ioned h o l e  f o r  cas ing.  Rigged up cas ing  
crew. Found t i g h t  ho le  5 j o i n t s  down. Rigged 
down cas ing  crew. Rigged up TV camera and r a n  i n  
h o l e  t o  t o p  of f l u i d .  T r ipped out .  T r ipped i n  
h o l e  w i t h  b i t  No. 4 ( r e r u n ) .  

T r ipped ou t .  T r ipped i n  w i t h  reamers. Reamed 
ho le .  

Reamed and cleaned hole.  

Reamed hole.  Cleaned ou t  t o  bottom. 

Bottom h o l e  assembly: 
Heavy weight  D.P. ( 7 )  
8 - i n .  (20.3-cm) d r i l l  c o l l a r s  ( 3 )  
D r i l l i n g  j a r s  
8 - in .  (20.3-cm) d r i l l  c o l l a r s  ( 5 )  
9- in .  (20.9-cm) d r i l l  c o l l a r s  ( 4 )  

26- in.  (66.0-cm) b i t ,  HTC O S C I G  (No. 4, r e r u n )  

d r i l l  c o l l a r s  ( 2 )  

Rigged up t o  r u n  casing. 
cas ing  a t  1511 f t  (460 m). ' S e t  24 j o i n t s  o f  K-55 
and 14 j o i n t s  o f  H-40. 

Set 20- in.  (51-cm) 
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TABLE A- 1 (cont inued)  

March 10 

March 11 

March 12 

Rigged down and loaded o u t  cas ing  crew. 
loggers.  Ran logs.  Rigged up cementing crew. 
Ran cement. Rigged up loggers.  Ran NCTL. Cut 
d r i l l i n g  l i n e .  Ran i n  1- in .  (2.5-cm) p i p e  t o  
l o c a t e  cement. Cement t o p  a t  180 f t  (55  m). 

Cemented cas ing  i n  stages i n  t h e  annulus. Used 
Class G cement w i t h  20% s i l i c a  f l o u r ,  25 sacks 
K o l i t e ,  8% Gypseal. 

Rigged up 

Cemented f i n a l  stages. 
t o  complete job.  T o t a l  volume was 8696 f t 3  
(246 m3).  

E i g h t  stages were r e q u i r e d  

March 13 Cut o f f  cas ing.  Welded on w e l l  head. 

March 14 N ipp led  up BOP. 

March 15 Pressure t e s t e d  BOP. Obtained s t a t e  approval  t o  
proceed . 

March 16 D r i l l e d  o u t  cement shoe. D r i l l e d  w i t h  f u l l  
r e t u r n s  t o  1605 f t  (489 m), u s i n g  gel  and water  
and a 17-1/2-in. (44.5-cm) b i t ,  No. 6. Got f u l l  
r e t u r n s .  

Mud: 
Weight 8.7 l b / g a l  (1.04 kg/L)  
V i s c o s i t y  30 

Bottom h o l e  assembly: 
Heavy w a l l  p i p e  ( 7 )  
8 - in .  (20.3-cm) d r i l l  c o l l a r s  ( 3 )  
D r i l l i n g  j a r s  
8 - in .  (20.3-cm) d r i l l  c o l l a r s  ( 5 )  
9- in .  (22.9-cm) d r i l l  c o l l a r s  ( 4 )  
10- in.  (25.4-cm) d r i l l  c o l l a r s  ( 2 )  
17-1/2-in. (44.5-cm) b i t ,  Reed 21 J 

March 17 

March 18 

Survey a t  1605 ft (489 m) shows 1/2" d e v i a t i o n .  
T r i p p e d  i n  ho le.  D r i l l e d  i n  b a s a l t  t o  1715 ft 
(523 m). BHA as b e f o r e  except  w i t h  shock sub, 
reamers, and s t a b i l i z e r s  j u s t  above b i t .  

Mud: 
Ge 1 /Benex 
Weight 8.7 l b / g a l  (1.04 kg/L) 
V i s c o s i t y  40 

D r i l l e d  t o  1931 f t  (589 m). Surveys showed 1/4O 
d e v i a t i o n .  Tr ipped o u t  f o r  b i t  No. 7. 
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TABLE A- 1 (cont inued)  

March 19 D r i l l e d  t o  2144 f t  (653 m) w i t h  f u l l  r e t u r n s .  

Mud: . 

Weight 8.9 l b / g a l  (1.07 kg/L) 
V i s c o s i t y  44 

March 20 

March 21 

March 22 

March 23 

March 24 

March 25 

March 26 

March 27 

March 28 

D r i l l e d  t o  2339 ft (713 m). Condi t ioned h o l e  f o r  
c o r i n g .  Tr ipped o u t  f o r  core  b a r r e l .  

Tr ipped i n  f o r  core  No. 1. 
recovered 5 f t  (1.5 m). Reamed corehole,  d r i l l e d  
t o  2436 f t  (742 m). 
No. 6 was r e r u n  t o  ream corehole.  

Cut  21 f t  (6.4 m), 

BHA as before,  except  b i t  

D r i l l e d  t o  2507 ft (764 m), survey  a t  2438 f t  
(743 m) showed zero-degree d e v i a t i o n .  Tr ipped o u t  
f o r  core  No. 2. D r i l l e d  w i t h  core  b a r r e l  t o  
2518 f t  (767 m). Core b a r r e l  jammed. Tr ipped o u t  
w i t h  core; c u t  11 f t (3.3 m) recovered 8 f t  
(2.4 m). 

Condi t ioned h o l e  and r i g g e d  up f o r  a q u i f e r  t e s t .  
Ran i n  800 f t  (244 m) o f  1- in.  (2.5-cm) pipe. Set 
submersible pump a t  802 ft (245 m). Ran a q u i f e r  
t e s t .  

Continued t e s t .  P u l l e d  pump. Measured water 
l e v e l  recovery.  Tr ipped i n  w i t h  b i t  No. 8. 
D r i l l e d  t o  2739 ft (835 m). Survey showed no 
d e v i a t i o n .  

D r i l l e d  t o  3143 ft (958 m). Surveyed hole; 1/8O 
d e v i a t i o n .  

Mud: 
Weight 8.9 l b / g a l  (1.07 kg/L) 
V i s c o s i t y  47 

D r i l l e d  t o  3551 f t  (1082 m). Survey showed 1/4" 
d e v i a t i o n .  

D r i l l e d  t o  3564 f t  (1086 m). Tr ipped o u t  f o r  
logs.  Rigged up loggers.  Logged borehole.  

F i n i s h e d  logg ing .  Rigged down loggers.  Tr ipped 
i n  h o l e  t o  c i r c u l a t e .  R i m e d  UD cas ina  crew and 
r a n  13-3/8-in. (35.6-cm) Easing'. 
P110, 72 l b / f t  (107 kg/rn). 

Ran 2i7 j o i n t s  
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TABLE A- 1 (continued) 

March 29 

March 30 

March 31 

April 1 

April 2 

April 3 

April 4 

April 5 

April 6 

April 7 

April 8 

Apri 1 9 

April 10 

Finished running casing, s e t  a t  3559 G L .  Rigged 
u p  loggers. Logged casing. Rigged down loggers. 
Rigged u p  cementers. Cemented .casing w i t h  
4781 f t 3  (135 m3) Class G cement with 
one-to-one D72, 40% D66, 3% D20, 0.3% D13. 

Rigged u p  loggers and ran cement bond log. 

Removed 20-in. (51-cm) BOPE.  Rigged u p  f o r  
12-1/4-in. (31-cm) hole. 

Nippled u p  B O P E .  

Worked on BOP leak. 

Worked on expansion spool. 

Completed repa i r  o f  BOP. Ran 1500-psi (10.3-MPa) 
pressure t e s t .  
tr ipped in with 12-1/4-in. (31.1-cm) b i t  No. 9; 

Dril led cement shoe. Dril led with water t o  
3661 f t  (1116 m ) .  

Dril led f o r  core to  3713 f t  (1132 m ) .  Tripped out 
with core No. 3. C u t  52 f t  (15.8 m ) ,  recovered 
44 f t  (13.4 m ) .  Rigged up fo r  Aquifer Test  2. 

Ran aquifer t e s t .  

Completed aquifer t e s t .  
in with b i t  No. 10. 

Picked u p  bottom hole assembly and  

HTC-OWV. 

Tripped out f o r  core No. 3. 

Picked u p  BHA and tripped 

Bottom hole assembly: 
Weighted pipe ( 7 )  
7-in. (17.8-cm) d r i l l  co l l a r s  ( 3 )  
Dri l l ing j a r s  
7 - i n .  (17.8-cm) d r i l l  co l l a r s  ( 4 )  
8-in. (20.3-cm) d r i l l  co l l a r s  ( 5 )  
Shock s u b  
S t ab i l i ze r ,  RWP 
9-in. (22.9-cm) d r i l l  co l l a r  
S t ab i l i ze r  
6 p t  reamer 
12-1/4-in. (31.1-cm) b i t ,  H T C  544 

Reamed out corehole. Dril led t o  3955 f t  (1205 m ) .  

Dril led to  4445 f t  (1355 rn) with water. 
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TABLE A-1 (cont inued)  

A p r i l  11 D r i l l e d  t o  4796 f t  (1462 m). 

A p r i l  12 D r i l l e d  t o  4839 ft (1475 m). C i r c u l a t e d  and 
t r i p p e d  o u t  f o r  core  No. 4. Cut and recovered 
39 f t  (11.9 m). 

A p r i l  13 Inspec ted  downhole r o t a t i n g  hardware. 

A p r i l  14 

A p r i l  15 

A p r i l  16 

A p r i l  17 

A p r i l  18 

A p r i l  19 

A p r i l  20 

A p r i l  21  

A p r i l  22 

A p r i l  23 

A p r i l  24 

A p r i l  25 

A l l  O.K. P icked up 2 - i n .  (5-cm) p i p e  and r i g g e d  
up f o r  a q u i f e r  t e s t  No. 3. 
(248 m) GL. S t a r t e d  t e s t i n g .  

A q u i f e r  t e s t .  

Set pump a t  813 f t  

Completed t e s t .  T r ipped out .  L o s t  814 f t  (248 m) 
o f  2- in.  (5-cm) p i p e  w i t h  e l e v a t o r s  and b a i l s .  
F ished f o r  p ipe.  

Caught f i s h  and landed 39 j o i n t s  o f  2 - in .  (5-cm) 
p ipe .  F ished f o r  e l e v a t o r  and b a i l s .  

Fished. M i l l e d  on i r o n .  Reamed ho le .  Tr ipped i n  
h o l e  and d r i l l e d  t o  4900 f t  (14.94 m) w i t h  b i t  
No. 11, 12-1/4-in. (31.1-cm); HTC 555. 

D r i l l e d  t o  5266 ft (1605 m) w i t h  water. 

D r i l l e d  t o  5689 f t  (1734 m). D e v i a t i o n  a t  5465 f t  
(1666 m) was 1-1/4". 

D r i l l e d  t o  5804 f t  (1769 m). Ran survey: 
d e v i a t i o n  a t  5679 ft (1736 m) was 2". Tr ipped o u t  
t o  mod i fy  BOPE. Cut d r i l l i n g  l i n e .  

T r ipped  i n  w i t h  b i t  No. 12, HTC 355. D r i l l e d  w i t h  
water t o  6066 f t  (1849 m). 

D r i l l e d  t o  6400 f t  (1951 m). Survey showed 2-1/4" 
d e v i a t i o n  a t  6220 f t  (1896 m). 

D r i l l e d  w i t h  water t o  6486 ft (1977 m). D e v i a t i o n  
2". T r ipped o u t  f o r  b i t  change. Rigged up USGS 
(Denver) loggers.  Ran logs,  i n c l u d i n g  t e l e v i e w e r .  

Completed l o g g i n g  and r i g g e d  down loggers .  
Tr ipped i n  w i t h  b i t  No. 13, HTC 555. Washed t o  
bottom, pumped p i l l ,  d r i l l e d  t o  6552 f t  (1997 m ) .  

D r i l l e d  t o  6860 ft (2091 m). Pumped p i l l  
p e r i o d i c a l l y .  
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TABLE A-1 (continued) 

April 26 

April 27 

April 28 

April 29 

April 30 

May 1 

May 2 

May 3 

May 4 

May 5 

May 6 

May 7 

May 8 

May 9 

May 10 

May 1 1  

May 12 

Drilled to 7107 ft (2166 m). 
deviation. 

Survey showed 2-1/4" 

Drilled with water to 7125 ft (2172 m). Tripped 
out for bit change. Tripped in with bit No. 14, 
washed to bottom. Drilled to 7245 ft (2208 m). 

Drilled to 7521 ft (2292 m). Deviation 1-3/4'. 
Serviced rig. 

Drilled to 7760 ft (2365 m). Serviced rig. 
Dev i at i on 1 - 1 /2 ' . 
Drilled to 8010 ft (2441 m). Deviation 1-1/4'. 

Drilled to 8295 ft (2528 m). 

Drilled to 8946 ft (2590 m). Tripped out for bit 
change. 

Cut drilling line. Tripped with bit No. 1 1  
(rerun). Drilled t o  8673 f t  (2644 m). 

Serviced rig. Drilled to 8934 ft (2723 m). 

Drilled with water to 9177 ft (2797 m). Pumped 
pills. 

Drilled to 9294 ft (2833 m). Deviation 3'. 
Serviced rig. Drilled to 9352 ft (2850 m). 

Drilled to 9455 ft (2882 m). Survey showed 
9585 ft deviation 2 O .  Serviced rig. Drilled to 

(2922 m). 

Drilled t o  9773 ft (2979 m). 

Drilled to 9810 ft (2990 m). Circulated 
hole. Tripped out for core. Tripped in 
barrel. 

Cut core No. 5. Tripped out. Cut 6 ft 

to clean 
with core 

1.8 m), 
recovered 1 ft (0.3 m). Rigged up loggers and 
1 ogged bore h ol e. 

Completed logging. 
Tripped in with bit No. 13 (rerun). Drilled to 
9910 ft (3021 m). 

Rigged down to loggers. 

Drilled t o  10,084 ft (3074 m). 
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May 13 D r i l l e d  t o  10,265 f t  (3129 m). 

May 14 

May 15 

May 16 

May 17 

D r i l l e d  t o  10,324 f t  (3147 m). C i r c u l a t e d .  
Tr ipped ou t  f o r  core  No. 6. 

T r ipped ou t  w i t h  core  b a r r e l .  
recovered 1.5 f t  (0.5 m). Tr ipped i n  w i t h  b i t  
No. 13 ( r e r u n ) .  Washed t o  bot tom and reamed core  
ho le .  D r i l l e d  t o  10,333 f t  (3150 m). C i r c u l a t e d  
and cond i t i oned  hole.  

Cut 7 f t  (2.1 m), 

Tr ipped o u t  f o r  water t e s t .  

T r i pped  i n  w i t h  d r i l l  p ipe  f o r  logg ing .  Rigged up 
loggers.  Logged borehole.  Began f l o w  t e s t  us ing  
n i t r o g e n  l i f t .  

Continued n i t r o g e n  l i f t .  Logged the  borehole.  
Completed n i t r o g e n  l i f t  t e s t .  

May 18 Cont inued 1 o gg i ng . 
May 19 Completed logg ing .  

May 20 

May 21 

May 22 

May 23 

May 24 

May 25 

May 26 

May 27 

Tr ipped i n  and cond i t i oned  ho le .  Pumped p i l l  a t  
7100 f t  (2164 m). 
(2091 m). Rigged up cementers. Pumped 5 0 - f t  
(15.2-m) cement p lug.  

P u l l e d  two stands t o  6860 f t  

Tagged cement a t  6798 f t  (2072 m). Rigged up t o  
run casing. Rigged up lay-down machine. Removed 
bot tom h o l e  assembly. Rigged up cas ing  crew and 
r a n  84 j o i n t s  o f  S95 9-5/8- in.  (24.4-cm) cas ing.  

Cont inued runn ing  casing. 
Hung l i n e r  t o p  a t  3262 f t  (994 m). 
bot tom o f  l i n e r  a t  6796 ft (2071 m) w i t h  251 f t 3  
(7.1 m3) o f  cement. 

T r ipped ou t  w i t h  hanger t o o l .  
packer and t r i p p e d  i n  t o  3100 f t  (945 m). 
Cemented t o p  o f  l i n e r  w i t h  241 f t 3  (6.8 d) 
Class G cement. Rigged down cementers. 

D r i l l e d  o u t  cement. Condi t ioned hole.  Rigged up 

Made up hanger t o o l .  
Cemented 

P icked up RTTS 

t o  log .  

Washed t o  bottom. Cond i t ioned h o l e  f o r  co re  No. 7. 

Cut co re  No. 7 t o  10,365 f t  (3159 m). 
w i t h  core b a r r e l .  Cut 32 ft (9.8 m), recovered 
8 f t  (2.4 m). 

Tr ipped ou t  

Re1 eased r i g .  
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B i t  No. 

1 
2 

3 
4 

5 

6 

7 

6R 

8 

9 

10 
11 

12 

13 

14 

11R 

13R 

15 

APPENDIX B 

TABLE 6-1. B I T  RECORD 

. .  . . . 

S ize  
i n .  (cm) 

26-1/2 (67.3) 
26- 1/2 (67.3) 

26-1/2 (67.3) 
26- 1/2 (67.3) 

26-1/2 (67.3) 

17-1/2 (44.5) 

17-1/2 (44.5) 

17-1/2 (44.5) 

17-1/2 (44.5) 

12-1/4 (31.1) 

12-1/4 (31  . l )  

12-1/4 (31.1) 

12-1/4 ( 3 1  . l )  

12-1/4 (31  . l )  

12-1/4 (31  . l )  

12-1/4 (31.1) 

12-1/4 (31  . l )  

Make 

Hughes 

Hughes 

Hughes 
Hughes 

Hughes 

'Reed 

Reed 

Reed 

Reed 

Hughes 

Hughes 

Hughes 

Hughes 

Hughes 

Hughes 

Hughes 

Hughes 

Type 

OSC 3A 5 
OSC 3A 5 
OSC 3A 5 
OSCIG 5 
OSC IG 5 
215 

215 

215 

S62J 

owv 
544 

555 

555 

555 

55 5 

555 

555 

8-3/4 (22.2) S e c u r i t y  H75GJ 

' R o t a t i n g  
Depth Out Footage T i  me 

f t  (m)  f t  ( m )  h r  

164 (50 )  124 (38 )  

326 (99)  162 (49)  

609 (186) 283 (86 )  
973 (297) 364 (111)  

1524 (465) 551 (168) 

1931 (589) 407 (124) 

2340 (713)  409 (125) 

2507 (764) 146 (45)  

3561 (1005) 1043 (318) 

3661 (1116) 100 (30)  

4839 (1475) 1126 (343)  

5804 (1769) 919 (280)  
6486 (1977) 682 (208)  

7125 (2172) 639 (195) 

8496 (2590) 1371 (418)  

9810 (2990) 1320 (402) 

10333 (3149) 517 (158) 

D r i l l e d  o u t  cement shoe 

32 

15 

25 
28 

53 

30 

35 

9 
54 

6 
63 

52 
46 

51 

106 

122 

67 
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APPENDIX C 

TABLE C - 1 .  CORING SUMMARY 

Core No. Date 

March 21 
March 22 

A p r i l  06 

A p r i l  13 

May 10 

May 14 

May 25 

From 
f t  (m)* 

2340 (713) 
2507 (764) 

3661 (1116) 

4834 (1473) 

9810 (2990) 

10324 (3147) 

10333 (3149) 

2361 (720) 

2518 (767) 

3713 (1132) 

4878 (1487) 

9816 (2992) 

10331 (3150) 

10365 (3159) 

Recovered 
f t  (m)  

5 (1.5) 
8 (2.4) 

44 (13)  

39 (12)  

1 (0.3) 
1.5 (0.5) 

8 (2.4) 

*Referenced t o  k e l l y  bushing (KB.). 
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APPENDIX  D 

TABLE D-1. GEOPHYSICAL LOGGING SUMMARY 

Date 
(1979) 

March 3 

March 10 

March 27 

March 28 

March 29 

May 11 

May 16 

May 18 

Log Type 

Temperature survey 

Four-arm c a l i p e r  

Dual i n d u c t  ion-SFL 

Compensated neutron fo rmat ion  
d e n s i t y  

Uncompensated fo rmat ion  d e n s i t y  
b e f o r e  and a f t e r  cementat ion 

Temperature survey 

Four- a r m  c a l  i per 

Borehole compensated sonic  

Compensated neut ron  fo rma t ion  
dens i ty  

Dual induct ion-SFL 

Uncompensated fo rmat ion  d e n s i t y  
b e f o r e  and a f t e r  cementat ion 

Temperature survey 

Borehole compensated sonic  

Dual i n d u c t  i on-SFL 

H igh - reso lu t i on  temperature 
survey 

D ipmete r - f rac tu re  
i dent i f i c a t  i o n  

Borehole compensated sonic  

Dual l a t e r o l o g  

Compensated neutron fo rma t ion  
d e n s i t y  

I n t e r v a l  
f t  (m)* 

40-1500 (12-457) 

40-1500 (12-457) 

40-1500 (12-457) 

40-1500 (12-457) 

40-1500 (12-457) 

500-3500 ( 152- 1067 ) 

1500-3500 (457-1067) 

1500-3500 (457-1067) 

1500-3500 (457-1067) 

1500-3500 (457- 1067) 

22-3500 (7-  1067) 

3500-9700 ( 1067-2957) 

3500-9700 (1067-2957) 

3500-9700 (1067-2957) 

9700-10,200 (2957-3109) 

9700-10,200 (2957-3109) 

9700-10,200 (2957-3109) 

8776-10,094 (2675-3077) 

8776-10,094 (2675-3077) 
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TABLE D-1 (continued) 

Date In terv a1 
(1979) Log Type f t  ( m ) *  

May 24 Uncompensated formation 30 10-7 172 ( 9  17-2 186) 
density before and a f t e r  
cementation 

June 15 

A u g u s t  14 

Repeat formation tes ter  

Perforating d e p t h  control cas- 

3559- 10,333 ( 1085-3149) 

40-6300 (12-1920) 
ing c o l l a r  

Perforation record 40-6400 ( 12- 195 1 ) 

*Referenced t o  ground level ( G L ) .  
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