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ABSTRACT 

Northwest Geothermal Corporation (NGC) as p a r t  of t h e  geothermal resource a s ses s -  

ment work i n  t h e  M t .  Hood, Oregon v i c i n i t y ,  conducted explora t ion  d r i l l i n g  

opera t ions  which included the  deepening of an e x i s t i n g  hole ,  designated as Old 

Maid F l a t  #1, from 1,850 f e e t  (564 m) t o  4,002 (1,220 m) on t h e  western 

approaches t o  M t .  Hood and t h e  d r i l l i n g  of t h r e e  new holes  ranging from 940 f e e t  

(287 m) t o  1,340 feet  (409 m). The Clear  F o r k  ho le ,  loca ted  i n  Old Maid F l a t ,  

was d r i l l e d  t o  1,320 f e e t  (402 m ) .  

(287 m) a t  t h e  southwestern base of  M t .  Hood i n  the  Zigzag River va l l ey .  The 

remaining hole  was d r i l l e d  on t h e  Timberline Lodge grounds which i s  on t h e  

south f lank  of  M t .  Hood a t  an e leva t ion  of about 6,000 f e e t  (1,829 m) above sea  

l e v e l .  

The Zigzag hole  was d r i l l e d  t o  940 f e e t  

The deepening p r o j e c t  designated as Old Maid F l a t  #1 encountered a maximu? 

bottom hole  temperature of  about 180°F (82OC) and i s  t o  t h i s  da t e  t h e  deepest  

explora tory  hole  i n  t h e  M t .  Hood v i c i n i t y .  No s i g n i f i c a n t  d r i l l i n g  problems were 

encountered. The Clear  Fork and Zigzag River ho les  were completed without 

s i g n i f i c a n t  problems. 

d i t i o n s ,  including unconsolidated formations.  Two s t r i n g s  of t o o l s  were l e f t  i n  

t h e  hole  from s t r u c t u r a l  co l lapse  of  t h e  hole .  The hole  was scheduled as  a 

2,000 foot  (610 m) t e s t .  D r i l l i n g  d id  not  proceed beyond 1,350 f e e t  (412 m) and 

due t o  junk it was unobstructed t o  a depth of 838 f e e t  (255 m). 

was i n s t a l l e d  t o  735 f e e t  (224 m) due t o  f u r t h e r  d i s i n t e g r a t i o n  of t h e  hole .  

The work was prematurely terminated due t o  weather condi t ions .  

The Timberline Lodge hole  encountered severe d r i l l i n g  con- 

Observation p ipe  

i i i  
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1. In t roduct ion  

This r epor t  descr ibes  t h e  d r i l l i n g  i n  the  M t .  Hood Oregon v i c i n i t y  of four  

temperature observat ion holes .  

Hole des igna t ions  a r e  as  fol lows:  

a. Old Maid F la t  #1 (2S8EY 15cd) 

b .  Clear Fork (2S8E, 17cc) 

c. Timberline (3S9E, 7aac) 

d .  Zigzag (3S8EY 14bc) 

Northwest Geothermal Corporation provided d r i l l i n g  subcont rac tors  and supervised 

t h e  d r i l l i n g  under con t r ac t  with t h e  Department of  Energy. Northwest Geothermal 

Corporation coordinated with t h e  U.S. Forest  Service and the  U.S. Geological 

Survey f o r  t h e  s i t e  s e l e c t i o n  and environmental requirements.  

2:2 Surface Equipment and Services  
2 . 2 . 1  D r i l l i n g  Rigs 

A . l  Old Maid F l a t  -- 1977 

1. B . E .  24 L Cable Rig 

2 .  Po r t a  D r i l l  10 TG, with double drum drawworks (50,000# capac i ty ) ,  38-foot 

mast (50,000# capac i ty ) ,  450 CFM and a 1050 CFM a i r  compressor. 

3 .  Fa i l ing  model 2500 CF, with double drum drawworks, bare  drum p u l l  o f  15,000# 

(90,000# maximum capac i ty ) ,  58 foot  mast with 100,000# capac i ty ,  working hook 

load o f  45,000# maximum l i f t  60,000#. Gasco 5-1/2" x 10" duplex pump w i t h  

320 HP engine.  

A . 2  Old Maid F la t  - 1978 

Used Taylor D r i l l i n g ,  Inc.  r i g  #4 .  Drawworks u n i t  was a model U-34 with 1" 

d r i l l i n g  l i n e ,  15" s i n g l e  Parkersburg Hydromatic brake,  225 HP Waukesha gas 





2 . 2  Surface Equipment and Services  (cont . ) 
2 . 2 . 1  D r i l l i n g  Rigs (cont . )  

I 

engine,  a 97-foot Lee C .  Moore mast (330,000# capaci ty)  and a FXK Gardner 

Denver 7-1/4" x 14" pump with a 320 HP Cummings gas engine. 

, 
B .  Clear  Fork - 1978 

Used a 1977 Cyclone Model TH 100 mounted on (4) four -ax le  crane with s inge  draw- 

works (58,000# capac i ty ) ,  30-foot mast (100,000# capac i ty ) ,  600 CFM a t  250 p s i  

Inge r so l l  Rand a i r  compressor, 5-1/21 x 8" Gardner Denver mud pump. 

C.  Timberline - 1978 

1. Used a 1973 Cyclone Rotary Model TH 60 Wellen casing hammer, s i n g l e  draw- 

works (15,000# capac i ty ) ,  38-foot mast (40,000# capac i ty ) ,  450 CFM a t  250 

p s i  a i r  compressor. 

2 .  Replaced above r i g  a t  188 feet with 1977 Cyclone Model TH 100 mounted on 

(4) four  ax le  crane with s i n g l e  drawworks (58,000# capac i ty ) ,  38-foot mast 

(100,000# capac i ty ) ,  600 CFM a t  250 p s i  Inge r so l l  Rand a i r  compressor, 

5-1/2" x 8" Gardner Denver mud pump. 

D .  Zigzag - 1979 

Used t h e  1977 Cyclone Model TH 100 mounted on (4) four-axle  crane with s i n g l e  

drawworks (58,000# capac i ty ) ,  38-foot mast (100,000# capac i ty ) ,  600 CFM a t  250 

p s i  Inge r so l l  Rand a i r  compressor, 5-1/2" x 8" Gardner Denver mud pump. 

3. Explorat ion Hole D r i l l i n g  
3.1 D r i l l i n g  Summary 
3.1.1 Old Maid F l a t  #1 

Northwest Geothermal Corporation prepared the  s i t e  by minor cleanup o f  t he  

abandoned parking l o t  a t  t h e  Ramona Falls t r a i l h e a d  f o r  t he  1977 NGC d r i l l i n g  

t e s t .  The hole  was spudded on October 4 ,  1977 with a cable  t o o l  r i g  #1. A 12 ' '  



- 4 -  

3.  Explorat ion Hole D r i l l i n g  (cont . )  
3 .1  D r i l l i n g  Summary (cont . )  
3 .1 .1  Old Maid F la t  #1 ,(cont) 

(30.5 cm) conductor p ipe  was d r i l l e d  and hammered t o  90 f e e t  (27.4 m) with 

t h e  r i g .  

diameter t o  150 feet (46 m). The hole  was cased with 8-5/811 (22 cm) p ipe  and 

cemented with 80 sacks of cement (approximately 88 cu. f t .  (2.5 cu') on 

October 25, 1977. On October 27, 1977, a s i n g l e  ga t e  B.O.P .  with p ipe  rams 

was i n s t a l l e d .  Dr i l l ed  with 7-7/8" (20 cm) i n s e r t  b i t  t o  385 f e e t  (117 m) 

with r i g  # 2 .  Moved on r i g  #3  (air and mud) November 8 ,  1977 and d r i l l e d  t o  

885 f e e t  (270 m) with a i r .  Mixed mud because hydros t a t i c  head of water 

exceeded capac i ty  of  a i r  compressor and continued t o  1,850 f e e t  (564 m). 

Hole was discont inued due t o  r i g  breakdown. Two inch (5 cm) tubing was i n -  

s t a l l e d  f o r  observat ion.  Temperature g rad ien t s  were taken (See Addendum # l ) .  

A r o t a r y  a i r  r i g  #2 moved on t h e  hole  and d r i l l e d  10 inches (25.4 m) 

The w e l l  was reentered  J u l y  28-, 1978 under con t r ac t  with t h e  Department of 

Energy. 

New s i t e  p repa ra t ion  was requi red  t o  accommodate a l a r g e r  r i g .  

larged t o  125 f t .  x 175 f t .  r equ i r ing  t h e  removal of  s eve ra l  trees.  The e x i s t i n g  

road was r epa i r ed  and drained t o  e l imina te  damage due t o  r a i n  and snow-melt 

runoff .  

The s i t e  was en- 

Rig #4 was moved and continued d r i l l i n g  a 7-7/8" (20 cm) hole  using mud. D r i l l -  

ing  was uneventful  except f o r  a t w i s t  o f f  o f  a p in  on a d r i l l  c o l l a r  a t  3,748 

f e e t  (1,143 m ) .  The t o o l s  were r e t r i e v e d  with an overshot on t h e  f irst  t r y .  

Two inch (5 cm) tubing  was run t o  4 ,002  feet  (1,220 m ) .  The wel l  was logged 

(See addendum # l ) .  I n i t i a l  cleanup of t h e  s i t e  was completed a t  t h i s  time. See 

Figure # 2  f o r  completion da ta .  
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3. Explorat ion Hole D r i l l i n g  (cont . )  
3 .1  D r i l l i n g  Summary (cont . )  
3.1.2 Clear  Fork Well 

3 .1 .2  Clear  Fork Well 

The s i t e  was an area used as dump a rea  f o r  road cons t ruc t ion  material, inc luding  

some a s p h a l t i c  pavement. Access was from an e x i s t i n g  paved road. No c l e a r i n g  

of t h e  s i t e  was requi red .  

On November 29, 1978, t h e  hole  was spudded with a Cyclone TH 100 equipped f o r  

a i r  o r  mud d r i l l i n g .  A 12-3/4" (32 cm) hole  was mud - d r i l l e d  t o  200 f e e t  (61 m). 

Surface cas ing  using 8-5/8" (22  cm) p ipe  was set  and cemented t o  su r face .  The 

r i g  pump was used t o  c i r c u l a t e  100 sacks of cement (110 cu. f t .  o r  3 .1  cu. M) 

p lus  2% CaC1.  

d r i l l e d  with a 7-7/8" (20 cm) i n s e r t  b i t  t o  360 feet  (110 m). The hole  was 

coverted t o  6-1/4" (16 cm) with an i n s e r t  b i t  and a i r  d r i l l e d  t o  500 f e e t  (152 m). 

On December 6,  1978, a s i n g l e  ga t e  mechanical ga t e  valve was i n s t a l l e d  f o r  blow 

out con t ro l .  The hole  was continued t o  900 f e e t  (274 m). Conversion was made 

t o  mud d r i l l i n g  becuase of  50 gpm (3 Ips) water product ion.  Mud was contained 

i n  metal p i t s .  Lost c i r c u l a t i o n  was encountered a t  1,140 f e e t  (348 m) f o r  a sho r t  

t ime. Quick s e a l  was used f o r  l o s t  c i r c u l a t i o n .  Total  depth of 1,320 f e e t  (494 m) 

was reached on December 13, 1979. Two inch tubing (5 cm) was run t o  T.D. with a 

cap on bottom. Temperature tests were made a t  500 f e e t  (152 m) and a f t e r  completion. 

See Addendum # 2 ,  well completion information. (See Figure # 3  f o r  completion d a t a ) .  

Bottom and top  cementing plugs were used. The hole  was a i r  

3.1.3 Timberline Well 

This s i t e  was located j u s t  below t h e  Timberline Lodge maintenance shop on Mt. 

Hood. The s i t e  was on the  edge of t he  parking l o t  so no prepara t ion  was neces- 

s a ry .  On J u l y  20, 1978, d r i l l i n g  was s t a r t e d  with a Cyclone TH 60 using a 12" 
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3. Explorat ion Hole D r i l l i n g  (cont . )  
3 .1  D r i l l i n g  Summary (cont . )  
3 .1 .3  Timberline Well 

(30.5 cm) r o t a r y  a i r  hammer and casing hammer. Twelve inch (30.5 cm) conductor 

p ipe  was dr iven  t o  a depth of  90 f e e t  (27 m) where one of t h e  welds broke on t h e  

conductor p ipe .  D r i l l i n g  continued with t h e  1 2  inch (30.5 cm) hammer t o  a depth 

of 188 f e e t  (57 m) a t  which po in t  t h e  hammer was found t o  be cracked. The TH 60 

was re l eased  a t  t h i s  po in t  and a TH 100 was loca ted  on s i t e .  D r i l l i n g  then con- 

t inued  with a 10 inch (25 cm) r o t a r y  a i r  hammer t o  a depth of 400 f e e t  (122 m). 

Temperature measurements were attempted a t  t h i s  time i n s i d e  t h e  d r i l l  p ipe  with- 

out success .  

shape. Four hundred f e e t  (122 m) of  8-5/8" casing (22 cm) was s e t  and cemented 

with 120 sacks of cement (132 cu. f t .  o r  3.7 cu. M) and 3% C a C 1 .  The annular  

space between casing and hole  was then cemented t o  sa r f ace  using two rubber plugs 

and t h e  r i g  pump. One hundred sacks (110 cu. f t .  o r  3 .1  cu M) p lus  3% C a C l  was used. 

The probe would not  c l e a r  t h e  t o o l  j o i n t s  because o f  weight and 

The B.O.P. was s e t  and t e s t e d  a t  300 p s i  f o r  20 minutes,  witnessed by t h e  U.S.G.S. 

The p lug  was d r i l l e d  out using a i r  and 7-7/8" (20 cm) i n s e r t  b i t .  C i r cu la t ion  

was l o s t  f o r  about s i x  hours a t  470 f e e t  (143 m). A t  490 f e e t  (149 m) t h e  hole  

was t r ipped  f o r  b i t  check. 

hole  was cleaned and t h e  t o o l s  removed. The hole  was cemented by pouring a t  t he  

top  of t h e  casing with 150 sacks of  cement (165 cu. f t .  o r  4 . 7  cu M) and 300# of 

C a C l  was used. Cement was d r i l l e d  out and the  top was found a t  300 f e e t  (91 m) 

and the  bottom a t  465 f e e t  (142 m). The hole  was d r i l l e d  t o  790 f e e t  (241 m) and 

caved back t o  771 f e e t  (235 m). 

100 gpm (6 .3  I p s ) .  

sacks (110 cu. f t .  o r  3.1 cu. M) with 3% C a C 1 .  The cement was washed out by 

water migrat ing through t h e  hole .  

(137.5 cu. f t .  o r  3.9 cu. M) and 3% C a C l  with no success .  The hole  was recemented 

The hole  had f i l l e d  i n  t o  450 f e e t  (137 m). The 

Water (43OF o r  6OC) was produced a t  a r a t e  of 

The open hole  was cemented from t h e  sur face  by pouring 100 

Hole was recemented with 125 sacks of  cement 
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3. Explorat ion Hole D r i l l i n g  (cont . )  
3.1 D r i l l i n g  Summary (cont . )  
3 .1 .3  Timberline Well (cont .) 

with 100 sacks (110 cu. f t .  o r  3.1 cu. M ) ,  3% C a C l ,  100# of F loce le  and 40 cu. 

f t .  (1 .1  cu. M) of  permal i te ,  a f t e r  t h e  hole  was conditioned with 800 ga l lons  

(3,024 1) o f  heavi ly  mixed mud with g e l  and 40 cu. f t .  (1.1 cu. M) of  sawdust. 

Hole was cleaned t o  755 feet  (230 m) with t h e  production of 10 t o  15 g p m  

( . 6  t o  .9 I p s ) .  

(235 m) t h e  cement was found washed out and l a rge  volumes of water were produced. 

The d r i l l  p ipe  became stuck a t  750 f e e t  (228.5 m) while squeezing water-bearing 

formation a t  770 f e e t  (235 m ) .  

(3,780 1) of  water with no back pressure .  

p re s so r  pumping 1,200 cfm (34 cmm) and 60# back pressure  which was normal p re s su re .  

The upper water zones were f a i r l y  well shut  o f f .  A t  770 f e e t  

Cleared p ipe  and c i r c u l a t e d  with 1,000 ga l lons  

Connection was made t o  an a i r  com- 

Hydraulic j a r s  were used t o  back off t h e  d r i l l  p ipe  a t  617.5 f e e t  (188 m). 

6-5/8" (17 cm) washover p ipe  was assembled t o  d r i l l  over t h e  f i s h  with no 

success .  The washover p ipe  twis ted  off  near  t he  top  of t h e  old f i s h ,  leaving 

132 f t .  (4G m) around it .  A T.V.  camera was run i n  t h e  hole  and it  showed t h e  

end of  t h e  washover p ipe  spread and badly tw i s t ed .  

less venture .  

A 

Recovery was deemed a worth- 

A cement plug was pumped on top  of t h e  f i s h  using 80 sacks (88 cu. f t .  o r  2 .5  

cu.M) and 3% C a C 1 .  Cement cured for f i v e  days wai t ing on new t o o l s .  When the  

hole  was cleaned out  t h e  top  of t h e  cement was found a t  397 feet  (121 m ) .  The 

b i t  d r i l l e d  o f f  t h e  cement plug a t  477 f e e t  (145 m). 

570 f e e t  (174 m) and cemented with 100 sacks (110 cu. f t .  o r  3 .1  cu.  El) and 3% 

CaC1. 

t o  3.2 Ips ) .  Cement was spot ted  a t  bottom using 30 sacks (33 cu.  f t .  o r  9 cu. 

hl) and 80# C a C l  p lus  8 cu. f t .  ( .2  cu. bl) of Permali te .  Redr i l led  t o  770 f e e t  

The hole  was cleaned t o  

Dr i l l ed  t o  770 f e e t  (235 m) i n t o  hard andes i te  and making 40 t o  50 gpm ( 2 . 5  



- 10 - 

3. Explorat ion Hole D r i l l i n g  (cont . )  
3 .1  D r i l l i n g  Summary (cont . )  
3.1.3 Timberline Well (cont . )  

(235 m), s t i l l  making 20 gpm (1.3 Ips) of water. Recemented with 20 sacks 

(22 cu. f t .  o r  .6  cu. M) and 3% C a C l  p lus  20 cu. f t .  (.56 cu. M) of Zonel i te .  

Water was shut  o f f .  D r i l l i n g  continued t o  880 f e e t  (268 m). Water was en- 

countered between 800-820 f e e t  (244-250 m). Forty sacks of cement (44 cu. f t .  

o r  1 . 2  cu. M) and 3% CaC1) p lus  40 cu. f t .  (1.1 cu. M) of  Zonel i te .  The cement 

was d r i l l e d  out  t o  850 f e e t  (259 m). Cement was s o f t .  Recemented t h e  hole  

with 60 sacks (66 cu. f t .  o r  1 . 9  cu. M) and 3% C a C l  p lus  60 cu. f t .  (1.7 cu. M) 

of Zonel i te .  The hole  was d r i l l e d  t o  940 f e e t  (286 m) and cemented with 16 

sacks of cement (17.5 cu. f t .  or .5 cu. M) and 3% C a C l  p lus  16 cu. f t .  ( .45 

cu. M) of  Zonel i te .  The hole  was d r i l l e d  t o  960 f e e t  (293 m) and was then 

cemented with 30 sacks (33 cu. f t .  o r  .9 cu. M) , 3% C a C l  and 30 cu. f t .  ( .85 

cu. M) o f  Zonel i te .  D r i l l i n g  was continued t o  1,140 f e e t  (347 m) and a t r i p  

was made t o  check b i t  and run 3-1/2 LF (8 .9  cm) d r i l l  s t r i n g .  Caving problems 

and water from 900 f e e t  (274 m) caused another cement job with 16 sacks of cement 

(17.6 cu. f t .  o r  . 5  cu. M) with 3% C a C l  and 16 Cu. f t .  ( - 4 5  cu. ? I )  of  vermicul i te  

A temperature was taken a t  984 f e e t  (300 m) i n d i c a t i n g  approximately 47 F (8 .3  C 

D r i l l i n g  was converted t o  mud a t  approximately 1,000 f e e t  (305 m). D r i l l i n g  was 

continued t o  1,340 feet  (408 m) approximately. Large volumes of cu t t i ngs  were 

c i r c u l a t e d  t o  sur face .  

mud was c i r c u l a t e d  but  t he  t o o l s  were s tuck i n  t h e  hole .  Fu l l  c i r c u l a t i o n  was 

e s t ab l i shed  with no r e s u l t s .  Hydraulic j a r s  were used i n  an attempt t o  f r e e  the  

pipe.  Fishing t o o l s  and expe r t i s e  was obtained from Midway Fishing Tool Company 

The r i g  shut  down t o  clean p i t s  and mix new mud. The new 

and G .  0. Wireline Serv ices .  G .  0. s t r e t c h  poin t  t o o l s  would not opera te  proper ly .  

The s t r i n g  was unthreaded a t  836 f e e t  (255 m) using hydraul ic  j a r s .  The p ipe  was 

t r ipped  out and t h e  hydraul ic  j a r s  were i n s t a l l e d  and run t o  t h e  f i s h  and recon- 
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3. Explorat ion Hole D r i l l i n g  (cont . )  
3 .1  D r i l l i n g  Summary (cont . )  
3.1.3 Timberline Well (cont.)  

nected.  The j a r s  f i r e d  twice and f a i l e d .  G .  0. ran a charge t o  t h e  connection 

below t h e  j a r s  and f r eed  t h e  connection again and removed it .  

i n s t a l l e d  and run i n  t o  r e e s t a b l i s h  connection with t h e  f i s h .  Reconnection was 

made and t h e  d r i l l  p ipe  twis ted  o f f  4 feet  (1.2 m) below t h e  connection. The 

connection and tw i s t -o f f  was not f e l t  i n  t h e  process .  Due t o  t h e  condi t ion  of  t h e  

d r i l l  p ipe  a t  t h e  separa t ion  it was f e l t  t h a t  continued f i s h i n g  was not  p r a c t i c a l .  

New j a r s  were 

A cement plug of  25 sacks of cement (27.5 cu. f t .  o r  .8 C.U. M) with 3% C a C l  was 

spot ted  over t h e  f i s h .  

s o f t  and no kick-off  occurred. The plug was repeated with t h e  same r e s u l t s .  The 

plug was again placed using 28 sacks of calcium aluminate and 7 sacks of  posa l in  

f l y  ash.  The plug was cleaned t o  800 f e e t  (244 m). The r e d r i l l  would not  kick 

o f f  because t h e  plug d i d n ' t  harden as expected. A 6-14" (16 cm) b i t  was run i n  a 

f i n a l  attempt t o  kick o f f  without success .  

d r i l l  p ipe  plugged and had t o  be pu l l ed  and washed. 

condi t ions t h e  d r i l l i n g  was suspended. Two inch (5  cm) tubing was run t o  735 

f e e t  (224 m ) .  

The plug was l e f t  t o  cure  f o r  four  days.  The plug was 

Recementing was attempted but  t h e  

Due t o  very bad weather 

The 2,000-foot (610 m) ob jec t ive  was not  achieved. However, t h e  hole  could be 

reentered  and completed with proper  equipment. 

p r o j e c t .  D r i l l i n g  volcanic  cones is  very d i f f i c u l t  and i n  t h i s  case it was com- 

pounded by interbedded unconsolidated debr i s  and lava flows. Due t o  the  very 

loose unconsolidated formations and the  migrat ing water ,  cementing was d i f f i c u l t ,  

Cementing methods were devised which seem t o  work under these  d r i l l i n g  condi t ions .  

The use of  Permeli te  aggregate allowed us  t o  have a s l u r r y  containing a l o s t  

c i r c u l a t i o n  ma te r i a l  p lus  the  aggregate screened out i n  the  hole  and provided a 

Lessons were learned from t h i s  
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3. Explorat ion Hole D r i l l i n g  (cont . )  
3 .1  D r i l l i n g  Summary (cont . )  
3 .1 .3  Timberline Well (cont .) 
3.1.4 Zigzag River Well 

s o f t  plug which allowed t h e  b i t  t o  s t a y  i n  t h e  hole .  

See Figure #4 f o r  completion da ta .  

See Addendum #3  f o r  tes ts .  

3.1.4 Zigzag River Well 

The s i t e  was a t  t h e  end of  t h e  old Hwy 26 p a s t  t h e  Kiwanis campgrounds. 

c l e a r i n g  was requi red  f o r  t h e  po r t ab le  d r i l l i n g  r i g .  

On June 6 ,  1979, d r i l l i n g  was s t a r t e d  with a Cyclone TH 100 using an a i r  hammer. 

7-1/4" (16 cm) hammer b i t  was used t o  200 f e e t  (61 m) then reamed out with 10" 

(25 cm) opener. The hole  was cleaned with a 9-7/8If (25 cm) r o l l e r  cone b i t .  

Had t o  cement t h e  25-to 40-foot (7.6 t o  1 2  m) i n t e r v a l  due t o  f r a c t u r e  caving. 

Ran and cemented 200 f e e t  of 8-S/81f (22 cm) casing.  

No 

Access was by e x i s t i n g  roads.  

A 

On June 2 1 ,  1979, switched t o  mud a t  500 f e e t  (152 m). Had small c a v i t i e s  from 

575 f e e t  t o  630 f e e t  (175  m - 192 m) . A t  750 t o  760 f e e t  (228 - 232 m) had a 

water l o s s  but  no t  s u f f i c i e n t  t o  cause problems. We used an 811 (20 cm) ga te  

valve with 2" (5 cm) k i l l  l i n e s  a s  a blow out  preventor .  This was i n s t a l l e d  

June 20 ,  1979, a t  470 f e e t  (143 m). The d r i l l i n g  of t h i s  hole  was very slow and 

a t  940 f e e t  (287 m) t h e  p ipe  refused t o  t u r n  when on bottom. 

and found t h a t  a l l  t h r e e  r o l l e r  cones were gone from b i t .  

They t r ipped  out 

A t  t h i s  time ( Ju ly  9 ,  1979) it was decided not t o  go any deeper with t h i s  wel l .  

On J u l y  10, 1979, 2" (5 cm) tubing was i n s t a l l e d  and welded t o  f lange .  (See 

Addendum # 4  f o r  logs and Figure 5 f o r  completion d a t a ) .  
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4 .  Downhole Equipment and Services  
4 . 2  D r i l l i n g  F lu id  Summary 
4 . 2 . 1  Old Maid F l a t  

Duplicate d r i l l  c u t t i n g  samples were obtained approximately every 10 f e e t  (3 m) 

by our  geo log i s t s .  

Geothermal Corporation r e t a ined  one sample. 

One sample was sen t  t o  t h e  S t a t e  of Oregon, and Northwest 

The wells were d r i l l e d  with f r e sh  water base ge l  mud. 

9 . 6  l b /ga l  was l e f t  i n  each hole .  

Ehd, with a weight o f  

4 . 2 . 2  Clear  Fork Well 

a .  

b .  Dr i l l ed  with a i r  and foam t o  9GO f e e t  (274 m). 

c .  D r i l l e d  with f r e s h  water base ge l  mud from 900 f e e t  (274 m) t o  1,320 

Dr i l l ed  with f r e s h  water base ge l  mud t o  200 f e e t  (61 m). 

f e e t  (402 m). Heavy mud l e f t  i n  ho le  around observat ion p ipe .  

4 .2 .3  Timberline Well 

a.  Dr i l l ed  with a i r  and foam t o  1,140 f e e t  (348 m). 

b .  Drilled w i t h  fresh water base gel mud to 1,340 feet (409 m). Lost hole 

t o  840 f e e t  (256 m). 

(244 m) . 
Set  observat ion p ipe  i n  heavy mud to 735 f e e t  

4 . 2 . 4  Zigzag River Well 

a. Dr i l l ed  with a i r  and foam t o  495 f e e t  (151 m). 

b .  Dr i l l ed  from 495 feet (151 m) t o  940 feet  (274 m) with f r e s h  water based 

ge l  mud. Se t  observat ion p ipe  a t  940 f e e t  (274 m) with heavy mud. 

4 .3  Logging Program 

Commerical logs were run on t h e  Old Maid F la t  well by Welex. They cons is ted  of a 
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4 .  Downhole Equipment and Services  (cont . )  
4 .3  Logging Program (cont . )  

dens i ty  log,  temperature log,  acous t i c  log,  dual induct ion log,  f r a c t u r e  f i n d e r  

log and d r i f t  log (deviat ion)  from t h e  base of  t h e  sur face  casing (150 f t . )  t o  

t o t a l  depth (4002 f t . ) .  They are on f i l e  with t h e  Oregon Department of Geology 

and Mineral Indus t r i e s  and with t h e  U.S.G.S. Conservation Divis ion,  Santa  Rosa, 

Ca l i fo rn ia .  On November 16, 1978, t h e  U.S.G.S. out of Menlo P a r k ,  Ca l i fo rn ia  

ran a temperature log. 

t u r e  logs have been run on t h e  o the r  wel l s  and are on f i l e  with t h e  Oregon 

Department of Geology and Mineral Indus t r i e s .  

A copy is a l s o  on f i l e  with t h e  S t a t e  of Oregon. Tempera- 

4.4 D r i l l  B i t  Summary 
4 . 4 . 1  Old Maid Flat  - From 1,850 feet  (564 m) t o  4,002 f e e t  (1,220 m ) .  

a .  Dr i l l ed  t o  2,085 f t .  (635 m) with 7-7/S1 (20 cm) mi l led  too th  b i t .  

27-1/4 hours 

b. Dr i l l ed  t o  3,155 f e e t  (962 m) with 7-7/8" (20 cm) journa l  bear ing but ton 

b i t .  132-1/2 hours 

c .  Dr i l l ed  t o  4,002 f e e t  (1,220 m) with 7-7/8!' (20 cm) journa l  bear ing 

but ton b i t .  146 hours 

4 . 4 . 2  Clear Fork Well 

a. D r i l l e d  t o  200 f e e t  (61 m) with 12-1/4" (31 cm). 

m i l l  t oo th  b i t .  16 hours 

b. Dr i l l ed  from 200 f e e t  (61 m) t o  280 f e e t  (85 m) with 7-7/8" (20 cm) 

jou rna l  bear ing but ton b i t .  4 hours 

c .  Dr i l l ed  from 280 f e e t  (85 m) t o  1,320 f e e t  (402 m) with a 6-1/4" (16 cm) 

journa l  bear ing but ton  b i t .  55-1/4 hours 

4.4.3 Timberline Well 

a .  12-5/8" (32 cm) casing was dr iven behind a 12" (30 cm) a i r  hammer b i t  
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4 .  Downhole Equipment and Services  (cont . )  
4 . 4  Drill B i t  Summary (cont . )  
4.4.3 Timberline Well (cont . )  

t o  90 f e e t  (27 m). 

b. Dr i l l ed  12" (30 cm) with a i r  hammer t o  188 f e e t  (57 m). 66 hours 

c .  Dr i l l ed  with 10" (25 cm) a i r  hammer from 188 f e e t  (57 m) t o  400 f e e t  

(122 m) . 13-3/4 hours 

d. D r i l l e d  from 400 f e e t  (122 m) t o  770 f e e t  (235 m) with 7-7/8" (20 cm) 

journa l  bear ing but ton b i t .  Lost i n  hole ,  no recovery.  28 hours 

e .  Dr i l l ed  from approximately 477 f t .  (145 m) t o  1,340 f e e t  (409 m). Lost 

b i t  a t  1,280 f e e t  (390 m). No recovery.  63-1/2 hours 

4 .4 .4  Zigzag River Well 

a. P i l o t  d r i l l e d  from su r face  t o  200 f e e t  (61 m) with 6-1/4" (16 cm) a i r  

hammer b i t .  Used b i t .  9 hours 

b. Reamed from su r face  t o  200 f e e t  (61 m) with 10" (25 cm) a i r  hammer 

b i t .  B i t  s t i l l  good. 20 hours 

c .  Dr i l l ed  from 200 f e e t  (61 m) t o  370 f e e t  (113 m) with 6-1/2" a i r  

hammer. B i t  s t i l l  good. 13 hours 

d. Dr i l l ed  from 370 f e e t  (113 m) with 6-1/4" (16 cm) journa l  bear ing 

but ton b i t  t o  940 f e e t  (287 m). Lost cones. Ran 68 hours 

5.  Lithology 
5 .1  General Statement 

A l l  rocks exposed o r  d r i l l e d  i n  t h e  M t .  Hood area t o  da t e  a r e  of  igneous o r i g i n .  

The i n t r u s i v e  rock ranges from b a s a l t  t o  quar tz  d i o r i t e .  

from b a s a l t  t o  d a c i t e  with andes i t e  being t h e  predominant rock type.  

The ex t rus ive  rock ranges 

Most d r i l l  s i tes i n  t h e  b l t .  Hood a rea  have a veneer of h i t .  Hood block and ash 

flow ma te r i a l  (mudflow). 

lava  f lows  o r  consol idated nudflows a r e  encountered. 

Once t h i s  l aye r  of unconsolidated rock i s  pene t r a t ed ,  

In  the  h ighly  f r ac tu red  a reas  
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5. Lithology (cont.) 
5.1 General Statement (cont .) 
5 . 2  Detailed Lithology 

of these rocks partial o r  complete loss of circulation of drilling fluids is not 

uncommon. 

On the cone of Mt. Hood itself the unconsolidated block and ash flows are inter- 

bedded with lava flows. The thickness of the individual units is quite variable. 

The block of ash flows are excellent aquifers. 

to caving o r  ravelling when drilled. 

They are also unstable and subject 

5.2 Detailed Lithology 

a. Mt. Hood clastics (mudflows). Unconsolidated block and ash flow andesites 

of Mt. Hood. 

three feet ( 1 m) in diameter. Late Pleistocene to Recent in age. FoLind 

in most stream valleys around the flanks of Mt. Hood as well as on the 

mountain itself. 

The size of the constituents ranges from sand to boulders 

b. Mt. Hood Lavas: Olivine, hornblende or pyroxene andesite lava flows of 

Mt. Hood. Late Pleistocene to recent in age. 

c. Still Creek-Laurel Hill Instrusions: Quartz diorite of Late Miocene to 

Early Pliocene age. Moderately altered. 

d. Rhododendron Formation: Consolidated andesitic block and ash flows (mud- 

flows) interbedded with lava flows of andesites or basaltic-adesite 

composition. 

black shale beds. 

Late Miocene to Early Pliocene in age. 

Block and ash flows range from tuffs to breccias. Rare 

Formation is strongly altered in the Old Maid Flat area. 

e. Gabbro Intrusive: Gabbro sill? found only in the Old Maid Flat drill 

hole at a depth of 3,520 feet (1,073 m). 
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5. Lithology (cont . )  
5.2 Detai led Lithology (cont . )  

f .  

g. 

h .  

Columbia River Basalt Group: 

Subgroup. 

volcanics  from a depth of  2,028 f e e t  (618 m) t o  3,850 f e e t  (1,174 m ) .  Very 

l i t t l e  a l t e r a t i o n .  Miocene i n  age. 

Miocene Volcanics:  

Basalt Group. Generally a pa l e  green c r y s t a l  t u f f  o f  a n d e s i t i c  composition. 

Found i n  both t h e  Old Maid F la t  and t h e  Clear  Fork d r i l l  ho le s .  Much 

th inne r  i n  t h e  Clear  Fork d r i l l  ho le .  Product of  a l o c a l  ven t .  

Unnamed Rock Below t h e  Columbia River Basalt: 

encountered i n  the  Old Maid F la t  d r i l l  hole  below t h e  Columbia River 

Basalt from 3,850 f e e t  (1,174 m) t o  4,002 f e e t  (1,220 m). May be r e l a t e d  

t o  t h e  John Day Formation of Eastern Oregon of  Late Oligocene t o  Ear ly  

Miocene age. 

T h o l e i i t i c  f lood b a s a l t s  of t h e  Yakima Basal t  

Found i n  the  Old Maid F l a t  d r i l l  ho le  interbedded with kliocene 

Volcanic rocks contemporaneous with t h e  Columbia River 

Pale  green c r y s t a l  t u f f  

6 .  General Comments 

6 . 1  For a successfu l  d r i l l i n g  program i n  t h e  M t .  Hood a rea ,  t h e  merits o f  each 

s i t e  such as: s ize ,  access ,  a v a i l a b i l i t y  of  water ,  mud p i t s ,  f l u i d  and c u t t i n g s  

d isposa l  and th ickness  of unconsolidated mudflow debr i s  should be considered along 

with t h e  geological  reasons f o r  d r i l l i n g  a t  t h a t  s i t e .  

6 .2  

t h e  f a s t e s t  and safest way t o  set su r face  casing.  

I t  was found t h a t  d r i l l i n g  t h e  unconsolidated mudflow debr i s  with mud was 

6 .3  

r e t a ined  . 
The f l e x i b i l i t y  t o  use e i t h e r  a i r  o r  mud f o r  t he  f i n a l  d r i l l i n g  should be 
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6.  General Comments (cont . )  

6 .4  

s i z e  hole .  

flows. 

In  c e r t a i n  types of holes  t h e r e  i s  considerable  merit t o  d r i l l i n g  a minimum 

This seems t o  reduce t h e  s t a b i l i t y  problem i n  t h e  unconsolidated mud- 

6.5 

hammer. 

Conductor p ipe  can be set r ap id ly  through very loose overburden with a cas ing  

6.6 For d r i l l  ho les  over 2,000 f e e t  (610 m) o r  f o r  24 hour r i g  opera t ion ,  su r f ace  

casing should be s e t  by a smal le r  r i g .  

geology. 

This i s  a judgement f a c t o r  based on su r face  
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NORTHWEST GEOTHERMAL CORP. 

TEMPERATURE GRADIENT AND LITHOLOGY OF TIMBERLINE #3 3s 9E 7AAC 
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